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. MILITARY CURRICULUM MATERTAIS -

Tﬁé military~developed curriculum materials in this course
- package were selected by the National Genter for Research in- . o
Vocational Education Military Curriculum Project for dissem- )
ination to the six regional™Curriculum Codrdination Centers and

other instructional materials agencies. The purpose of )
disseminating these courses was to make curriculum materials ' ;.
developed by the military more accessible to vocational ' //
educat?rs in the civilian settlng ' ' ’

A

The course materials were acquired, evaluated by project
staff and practitioners in the field, .and prepared for
dissemination. Materials which were specific to the military - .
¢ deleted, copyrighted materials were either amitted or appro- -
for their use was obtained. These course packages contain
;curriculum resource materials which be adapted to support
vocational instruction and curriculum Yevelopment.
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The National Center for Research in
Vocational Education’s mission is {o increase
the ability of diverse agencies, institutions, S -
and organizations to salve educational prob-* , . ¢
~* .- lems relating;to individual career planning, ", i
' preparation, and progression. The National,”
Center fulfills its mission by: ‘

Informatinn and Field
Gervices Division

Al

<
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The Hational Center far Rescarch
- in Vocational Education
5
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.

» Generating knowledge through research
{

. Developingeducationafprograms_and ' .
* products . . v _ N

-
A}

e Evaluating individual program needs LT ‘ ’ s
and outcomes . B '
. o P o
v, . .

¢ Installing educational programs.and
proddcts

e Operating information systems and . v et oy

services _ -
. " e Conducting Ieadership-devélop”m'ent and ’} .
- training programs A ' o~

.

* FOR FURTHER lN'FQRMATION ABOUT
Military Curriculum Materials .
"WRITE OR CALL o - . P
B Proyram lnformation Office :
" 4 The National Center for Research in Vocational
Education ‘
The Ohio State University ~
1960 Kenny Road, Columbus, Ohio 43210 \
Telephone: 614/486-3655 or. Toll Free 800/ ,
Q . 848-4815 within the continental U.S. ' ) e
(except Ohio} -\ ‘ :
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an activity to increase the accessibility of -
military-developed curriculln materials to
vocational and technical educators.
. . A

This project, funded by the U.S. Office of
Education, includes the identification and
~acquisition of curriculum materials in print
form from the Coast Guard, Air Force,
" Armiy, Marine Corps and Navy.

Access to military cursiculumi materials is
" provided thr ugh aW1t Memorandum of
Understandingy between the U.S. Office of
Educallon and\the Department of Deffense.

"The acquired malerl-als are revnewed by staff
and subject matter specialists, and courses

deened applicable to vecational and tech-
nical education are selected for disseminatio,

The National Center for Research,
Vocational Education is the U.S. Offi
Education’s desighated representative to
acquire the materials and conduct the prolect
activities: =

Project Staff:” * ‘ . .

Wesley E. Budke, Ph.D., Director,
National Center Cleanngh@'use

¢« Shirley A. Chase, Ph.D.
- Proiect Director _ .
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What Méterials .
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One hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the Vegational
Curriculurid Coordination Centers and other
instructional materials ‘agencies for dissemi-
nation. - 2y
Coufse rﬁateri%? include progrardmed -
instruction, ‘currfculum’ ouflines, instructor

/uides; student workbooks apd technical

manuals.‘ :

N

The 120 courses represent the following
teen vocational subject areas:

“Agrlculture ' Food Sg:wce
§ \viation Health '

Building & Heating & Air
. "Constructlon Conditioning
X{)rades : Machine Shop
Cldrical Management &
chcupations Supervision
Communications  Meteorology &
Drafting " Navigation

Electronics » Photography
' Engine Mechanics Public Service

& -

The numbey.of courses and the subject areas-
represented\will expand as additional mate-
riats with aj plication to vocational and
ication are identjfied and selected
for disseminaljon.

N 225 West State Stieet
- Trenton, NJ 08625
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Contatt®he Curriculum Coordination Center
in your region far information on obtaining
materials (e.g., availability and cost): They
will respond to your request directly or refer
you to an,instructional materials 3’gency
closer to you.
- ) ]
iy

CURRICULUM COORDINA IO CENTERS

1 .

EAST CENTRAL  ~ WOR RTHWEST

" Rebecca S. Douglass William Daniels
Director Ditector )
100 North First Street  Building 17
Springfiet¥iL 62777  Airdustiial Park
217/782-0759 " Olympia, WA 98504 _

: 206/763-0879 .
» [
MIDWEST - SOUTHEAST !
Robert Patton James F. Shill, Ph.D.
Director Director v
15156 Wesl‘Sii(lh Ave. Mississippi State University
, -Stillwater, OK 74704 ~ Drawer DX

Mlssnssnppn State, MS 39762
601/326-2610 .
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Joseph F. Kelly, Ph.D.  Lawrence F. H. Zane, Ph.D.
Director Director

1776 University Ave. )
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Course Description:. : . . S

L
! B . B
This course is the second of three courses in the Medical Laboratory Techn‘igian fiejd to upgrade the Specialist {skilled) worker t6 the Technician {advanced),
, level. The course contains basic ‘information-and could be used as a refresher course, but is designed to be used by advanced students or beéinnfﬁg students
in a supervised Iaboratory'or‘on-the-ipb learning situation. The first course,' Mediz’:al‘Labaratory Technician-Clinical Chemistry and Urinalysis, is a pre-
reqﬁisite to this course. The remaining course is, Hematology, Serofogy, Blood Eanking, and llhmunohematbloyy. This coyrsg lists the following dities
for a Medical Laboratory Technician/Specialist: *- -, . I ) : o

¥ : ! - .
Performs hematologica tests “ : ‘
Performs urinalysis )
Performs chemical analysis
Assists ifi blood bank duties ..
Performs microbiological and serological tests o .
Accomplishes general medical Iabératory duties -

Supervises medical laboratory personne) ! ¢ *
1 - - - .,

-

k

e . .
H . '\ .‘ . - M .
This course is divided into foyr volumes containing studeni workbooks, texts,and supplementary material,

- N h‘ ’

Volume"l - Laboratery Procedures in Clinical Bacteriology’(Part 1) traces the historical development of current bacteriological procedures, ,
instructs on laboratory techniques and equipment necessary'fqr the safe handling of infectious microorganisms, explains how

~ knowiledge of bacterial morphology and physiology‘ permits the technician to isolate and cultivate pathogenic microbes, and
_discloses the bésis for anti-microbial sensitivity testing and drug assays. ' )

»

‘4

R .
* - v

‘Volume 2 ‘Laboratory Procedures in Clinical Bacteriology (Part 11) contains information on Gram-positive organisms,‘Gram-\h'egative cocci
and coccoid forms, the small Gram-negative bacilli, the enteric organisms, acid-fast bacilli, and spirochetes, Volume 2is .~
» accompanted by a book of eight charts using a flow-chart format to identify organisms. . '

v

a4 Volume 3$ - Chinical Parasitology introduces medic¢al parasitology, and explains protozoa infecting rﬁan, platﬁqlminthes infecting man and
) o nematodes infecting man. . N - . S v
s .. : . ’ . .
Volume 4 Laboratory Procé®ures in Clinical Mycology discusses charact'eristics of fungi such as taxonomic relationships, cellular morphology, -
- ' . cultural propertjes, and the fungi as djsease agents. Also covered are collection and processing techniques and how to ship
" specimens; yeast-like fungi, monomorphic molds, dimorphic fungi, and saprophytic fungi; and guidelines for collection, preservation,
packaging and shipment of clinical vi‘rological.specimens. . ) )
Each of the volumes contaigs chapters with objectives, text, review exercises and answers to the exercis¥s. ‘A volume review exercise i$ provided but no answers
" are available. This course wa designed fdr student self-study.and evaluation within the context of a laboratory or on-the-job learning situation. The material
iguseful forbeginning students with a good science and math background or workers who wish to upgrade or refresh their skills. Much of the material involves

bRy

, -review of basic.procedures. ‘Some supervisory information is also included. B I . : .

v ~ . . R

-




~sﬂpCCi:{lty is devoted to the principles and- practices of clineial ‘microbiology.
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T Preface _ L .
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{E‘HIS‘\SEC‘_CND course in a series- covering_the¢ medical Iaboga?orydtcchnician o

. 7. CDC 90411. Clinical C hemistfy and Urinalysis, served as a prerequisitc. CDC -

~" 90413, which follows the c(}ursc in Microbiology. vyill int;oducc the concepté under-

. preferably on ECI Form .17;'Studéf\it‘Re

lying conventional laboratory procedures ‘in immunohematology, Si:leogy und.‘bl'ood

banking. e . ’ .o N

Volumes 1 and 2 of the ‘coursc . in_microbiolagy’ take ‘u‘p‘thé: fundamentals. of
diagnostic bacteriology. In the third volume, the life processes and identifying
features of intestinal. blood, -and tissuc parasifes ‘4fc ecxplored. Volume 4, on

a

mycology covers laboratory methods used in identifying pathogenic fungi. The -

las:’ volume deals with ‘the nature of the virus and rickettsial -agents of disease.”

The opening chapter of Yolume 1 traces the historical devclopment of current
bacteriological procedures. The second .chapteér instructs on labotatory techniques
and cquipment necessary fdr. the safe handling of. irféctious’ microorganisms.
Chapters 3 qnd 4 explain_ho knowledge of bacterial morphology and physiology
‘permits the teshnician to isolate and cultivate ‘pathogenic microbes in thelaboratory.

. Lastly, chapter)3 discloses the \basis for antimicrobial sensitivity testing and’drug
assays. In Volulye 2 of this couysc the"medically important genera of bacteria will
be described, and) p‘et':ifi'c measuyes outlined for establisl;ing their -identity. .

If kyou'have ques l‘OUS on the adcuracy or currency of the subjeétmht.ter of this
text, or _recommcndﬁtions for 1'ts‘r Aprovcmcnt, send them to Technical ‘Training
Center '(MS§TW), Sheppard -AFB, Texas 76311. '

enroliment or administration, or on any of

\to. Caréer Developmept, Study Reference

\(ojume Review Exercise, and Course Exam-
ir\ training officer, or NCO. as appropriate.
m to ECI, Gunter AFB, Alabama 36114,
st for' Assistance. ) o

If you have questioné’ on_cours
ECU’s instructional aids. (Your Ke
"‘Guides, Chapter Review Exercises;:
ination), consult your education.
If he can’t answer your questions;send

Thié volume is valuéii L’ét 36 hours (1

M@terial in this volume is tecvhnicallyv ccurate, adequate, and current .as of

January 1969.
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) ‘ .. LIST OF CHANGES
. . . \ z
| LOURSE \ CAREER FIELDS, POLICIES, PROCEDURES AND EQUIPMENT CHANGE. ALSO ERRORS
NO- . | OCCASIONALLY GET INTO PRINT. THE FOLLOWING ITEMS UPDATE AND CORRECT
90412 __| YOUR COURSE MATERIALS. PLEASE MAKE THE INDICATED CHANGES.

"EFFECTIVE DATE
OF SHIPPING LIST

16 Mar 76

1. CHANGES‘FOR THE TEXT: VOLUME l J

a. Pape 4, para 3-2, line 3. Delete "(SF 51u serles) "

Y

- b. Page 5, para 3-11, line 4: Delete "SF 514K, Bacteriology."

¢. Dlage 12, para 4-32, line 5: Change "SF 514K, Bacteriology" to ''request i
& v ) »

|
form "'\A ., . ‘ l\ .
L a. age 17, para 5- lua, line 1:- Insert "is" between "This" and "the."

ev, Page 21, col 1l: At the end of the column add "Do not put. rubber, .plastics,

or textiles in -this type sterlllzer. Some plastlcs give off toxic fumes:when
heated at Vigh temperatures :

£. Page 26, para 5-56, line 10: Change the first "and" to "are."’ (

g. Page 31 para 5-83, line 5 Change "inside the wrapper of the miterial"
. to "in the center of the package : .

h. Page 89, col 1, footnote, line l Change "outbraek" to "outbreak is."
2. CHANGES FOR THE TEXT: VOLUME 2 ’ '

. a.  Page 7, col 1, line 3: After "organism;" change to read ''then we place a
0.02 - 0.04 unit . .-." .

Erd

b. bage 13, para 4-11, line 13: After "positive," insert "except for C.
haemolyticum,."

AN
.

c. Page 18, para 8-5, line 3: ‘Delete "spores."
¢ i 4 ‘ y !
"1 3. “CHANGES FOR THE TEXT: VOLUME 3 (" : ’

a. ®age 7, col 1, figure 1: Change "BLEPHAROPLAST" to "KINETOPLAST."

N
%? b. Page 9, col 1, figure 3: Change "BLEPHAROPLAST" to "KINETOPLAST."
} |- 4. CHANGE FOR THE TEXT:- VOLUME 4 _ N |

? " Page 46, col 2, figure 25: Insert "Coccidioides" between "of" and "immitie."
. | 5. CHANGES FOR THE VOLUME WORKBOOK: VOLUME 1 V ‘

a. Page U, Chapter éZu;ew Exer01ses, questlon 1 and 4: Delete 51y, "

b. Page 12, Chapter Rev1ew Exer01ses, question 56: Insert "70%" between "to"

and "ethyl."

¥

EKC (Page 7 of 5 ) “ I
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LIST OF CHANGES ‘
RN "% TCARGER FIELDS.-POLICIES, PROCEDURES AND EQUIPMENT CHANGE. ALSO ERHOR:
PN OCCASIONALLY GET INTO PRINT. VHE FOLLOWANG ITEMS UPDATE AND CORRECT
: S YOUR COURSE MATERIALS, PLEASE MAKE THE INDICATED CHANGES. o+ &
| E/FECTIVE DATE . )
O} SHIPPING LIST \ ' . . ;
16 Mar:. 76 ’ . — ’ —— .]
*5. CHANGES FOR THE VOLUME WORKBOOK: VOLUME 1 (Continued) ' :
. ‘ \ coL _
c. Page 35, Chapter Review Exercises, chap 2, answer 1: Change "SF 514 series"
to "the laboratory request forms.y . ’ .
. ! - %
d. Page 29, Chapter Review Exercises, question u45: ‘Capitalize "hiss." *+ h P
Cd h .
- ¢. Page 39, Chapter Review Exercises, ansyér 56, line 1: Change '"can be"

ro Ywhen."

~

f. Page 42, Chapter Review Exercises, answer 46, lige 1: Chénge "gontaminatioﬁf
to "contaminating." R ; ‘

E . . . .
g. Page 43, Chapter Review Exercises, answer 13, line 1: Chdnge 'strongly - ~
recommended" to "mandatory." ' o \ . :

h. Page 46, Chapter Review Exercises, answer 16: Change,"PSA" to “PAS."
. . N ' ' ' '

i. Page 47, Chapter Review Exercises, after answer 29, add: "30. Antibjotic
sensitivity testing detects bacterial sensitivity.(or'resistangé) to an antibiotic.
Antibiotic assay determines the amount,of the antibiotic in a specimen. (16-21)""

j. Page 56: Chapter 4 should begin with‘question 65 instead of question 64,

k. The following questions are no longer scored, and need not be answered:
7, 69 and 82. S ~

-

5. CHANGES FOR'THE VOLUME WORKBOOK: VOLUME 2 \. ' ' ‘ |
. b
a. Page 5, Chapter Review Exercises, question 24, line 1: Change "Thé
Bacitracin™ to "The bacitracin." Change "to Bacitracis" to "to ba¢itraé§ﬁ?"
b. . ge 7, Chapter Review Exercises, Question 37: Change "corynebacterium"
to "coryneBacteria." o

c. Page 20, Chapter Review Exercises, qﬁestion 13, 'line’ 1: Delete "and
tscherichia coli,." :

d. Page'23, Chapter Review Exercises: question 36: Chgnge "Morphological" - '
to’ "Morphologically,.'" Chapter 5, Objectives, line 2: Change "biomedical™ to *~
"biochemical."

e.. Page 33, Chapter Review Exercises, answer 15: Change "Anaerobes'" to )
"The Veillonellae are anaerobes.' - ' . o

£. Page 42, question 26, choice a. Change the word "strain" to "Stain."

(Page 3 of 5 )
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LIS‘I' OF (‘HANGES . !
L Oy 77 TCAREER F|-5L%ICIES "PROCEOURES AND FQUIPMENT CHANGE, ALSO c}mon, | -
P | OCCASIONALLY GET INTO-PRINT 'THE FOLLOVING ITEMS UPDATE AND CORRECT
J@ulp YOUR COURSE m\mms PLEAaE MAKE THE INDICATED CHANGES. ||
fUF&cnveoAre, , . !
QF SHIPPING UST : :
16 Mar 76 : - . i

| _ ,
| 6. CHANGES FOR THE. VOLUME WORKBOOK¢# VOLUSE 2 (Continued)

'; g. Page 43, question 30: In the stem of this queftlon, change "veneral"
i to "venereal." Choice d: Change "venera+" to "venereal." LN

. h. The follow1nU questlons are no longer scored and need ndt be answered ‘ v
37 and 62. : . : R

7. CHANGES FOR THE VOLUME WORKBOOK:‘ VOLUME 3 . . ' -

a. Page 2 Chapter Review Exercises, Chapter 1, Objectlve llne 2‘ Change

parasitlc" to "parasite." . ‘ ,
1)
b. Page 5, Chapter Reyiew Exercises, question 8: Delete "or Rhodesian.?
ﬁ' - »
r - .I

c. Page 6, Chapter.Review Exercises, quest?bn 13: After."Chilomastix
mesnili" add "cysts." Question 15: Delete "the parasite . . . of man" and
substitute "Giardia lamblia." - S oo

o

d. Page 8, Chapter Review Exercises, question 27: Change "amoeba" to
"amebae." Delete "quickly ruptures . . . tap water" and substitute "has no known
cystic stage." . ‘

e. Page 9, Chapter Review Exercises, question 34 Change "merozoite'" to.
"exoerythrocytlc "

? £. Page 12, Chapter Review Bxercises, question 11, line 1l: Delete "adult."

|

[N ~g. Page 13, Chapter Review Bxerc1ses, question 15, llnes’i and 2: Change
| "if you have . . . the eggs of'" to "to determine whether the eggs were produced
! by" and after "Fasciola hepatica" change "from those of" to "or."- Question 20:

Change 'the species . . . in exercise 11" to "Fasciolopsis buski."

exercise' 11" to "F. Buski."

- 1. Page 15, Chapter Review Bxerc1ses, questlon 33: Change reference "(8-10)"
to "(8-11)." .

‘

|
i
i
|
|
i
l
h. Page 14, Chapter Review Exercises, question.2l: Change "the species . . . 1
l
|
i
|
!
t

j. Page l7,'Chapter Review Exercises, question 43: Change "cysticercus
larva" to "Taenia sp. eggs."

3 k.. Page 23, Chapter Review Exercises, question 30: Change ' cezlonlcum |
to "ceylanicum." T
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i LIST OF CHANGES - '\
[counst T CAREER FIELDS, POLICIES, PROCEDURES AND EQUIPMENT CHANGE. ALSO ERRORS s
"o | OCCASIONALLY GET INTO PRINT. THE FOLLOVING ITEMS UPDATE AND CORRECT o
‘ 9012 YOUR COURSE MATERIALS. PLEASE MAKE THE INDICATED CHANGES. . !
EFFECTIVE DATE . ' }
- | OF SHIPPING UST ] o . o
\ 16 Mar 76 * ' . . ‘ _—
— - - < — S = '] .
i T CHANGES. FOR THE VOLUME WORKBOOK: VOLUME 3 (Continued) 0 - ‘
. 1. Page 30 Chapt(p Rev1ew1ﬁkercises,;answer 23: Change '"melacercariae'™ to .
. i "metacercariae. Answer 26: Delete "hooked." Answer 33: Clange reference
boo"(8-10)" to ”(a-ll)." ' : — : . .
S T, - f )
' m. Page 31,.Chapter Review Exercises, answer 1: Change "Nematodo" to .
+ '""Nematoda.™ ’ y - :
n. Question 40 is no longer scored and need not be answered. .

-~

. 8. CHANGES FOR THE VOLUME WORKBOOK: VOLUME 4
. . | ; . ’ ‘
a. Cover, title: Change "Micology' to "Mycology." : I
b.‘:fagevlo, Chapter Review Exercises, qﬁestion 27: Change to read
"Cladosporium werneckii causes what disease?" :
2 * s . ‘
. c. Page-28, ChapterﬁReview‘Exercises, question” #7, line 2: ChangeVVentér
.} tracts" to "intestinal tracts." : ‘

A B

’

\

d. Page 36 Chapter Review Exerc1ses, question 68: Change "labated™ to
l Mobated." . s e
i L . |
e. Page 40, Chapter Review Exercises, answer 16: Change "polio and" to
"polio,." Answer 18, 1line 1l: Change "encephalitci to "encephalitic.'
o . A .
- o f. Page u4l, Chapter Review Exerc1ses, answer 32, line 1: ,Change "Seno-
+ logical" to "Serologlcal "

o~

i ' , ‘
. . R ‘éﬁy - 0
g. Page uuj question 5: Change guide number '"(400)" to '"(u40l). "

h." Page u45, questlon 18 should be in Chapter- 2 1nstead of Chapter 1.
Question 19, cn01ce b: Change "Tecture" to "Texture." .

9

i. Page 49, question 56: In the stem of the question, change "Histoplasmosis"
to "Histoplasma." * . ' :

=

~j. Page 51, question 69, choice a: Delete "capsulatum."

k. The following questions are no longer scored and need not be answered:
9, 27, 79 and 80. '

| 2 Y
"{OTE:  Charnige the currency date qJ%all volumes toQ"December 1974."

.
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ACTERIOLOGY. as we know it today, is.a

science which demands an understanding of
the basic morphologv and physiology of bacteria.
You must have a keen sense of perception-to be
able to observe bacterial growth, make intelligent
interpretations of this growth, and record what
you obseg¥e. As a laboratory technician working
in bacteriology, you must be a ‘“detective” ready
to analyze clues gathered from your efforts in
the laboratory as to the identity of a particular
diseasc-associated microorganism. This analysis
is fairly.routine today, but it has not always been
this way.

2. Sanitary practices and devices to improve
ventilation and dispose of human, wastes were in
use as far Back in hidtory as the Knossian or
Minoan period (1850-1400 B.C.). Some of
these sanitary methods were far better than any-
thing in use before the 19th ¢entury. There were
no bacteriologists during this time period, so we
must conclude that aloof. intelligent. fogical
minds prevailed -in the hierarchy of the day.

3. Investigators of long ago were not aware

of anything smaller than what was visible to the

~ unaided eve. Belief in the supernatural. fear of
reprisal. and religious practices did not help to
stimulate research. The invention of the micro-
scope was an important stimulus to lears® about
the #iny word of animalcules. Through a slow
" and gradual process. knaowledge ubout bactena
was sought and diseases associatéd with them
were documented. The world began to realize
that small microscopic matter was important in
health and disease. )
-4, Recent history of medical bacteriology is
Wpiargely that of the foundation of techniques fot
isolation and identification of specific disease-
causing microorganisms. Conscicntious experi-
mentation and careful recording of observations
have led to the present status of bacteriology as
a science and as a useful tool in fighting the
discases of man.

5. By becing aware of some of the historical
high points in the development of bacteriology

k]

CHAPTER 1

: History of Bacteriology —

as Ascience. you will better appreciate the vast

obstakles which had to be overcome. Hopefully.

you 4811 be stimulated to add to the progress in
this science. Before we go into our discussion of
present-day laboratory techniques. we will look

.at some of the events which helped to shape- the -

destiny of bacteriology.

. Major ‘Contributions in the Discovery of
Bacteria ’ :

1-1. Hippocrates (460-377 BC ), the father

" of medicine. was not a bacteriologist, but his

observations and writings gave a foundation to
the field of bacteriology. even though bacteria as
such were still unknown. -He attributed diseases
to changes and disorders in-the “vital fluids” of
the body. He stressed the use of boiled water for
irrigating wounds and called attention to the im-
portance of clean hands and f}ngernmls of the
“surgeon.” He&a coined such terms as “acute,”
*chronic,” “endemic,” and ‘“‘epidemic”; terms
which are still with us today although we may
use them in a slightly different context.

1-2. As the Dark Ages replaced the progres-
siveness of the Romans and Greeks with mysti-
cism and fear. witches were boiled instead of
water. Filth. pesgilence. and plague covered
.Europe. This situation prevailed until the 18th
century. Changes were made. but their accept-
ance was slow. : '

1-3. It was during the Renaissance (1433-
1600) that bacteriology probably had its real
beginning. In 1546 Girolamo Fracastoro, father
of the germ theory of disease wrote, “Contagion
is an infection that passes from one thing to

* anbther® He recognized that basically there

ére three sources of contigious material: (1)
by contact. (2) by fomites, and (3) from a
distance. This typified the levdi qf scientific
knowledge at the beglnnlng of the 17th century.
and from this level. science began to emerge as a
systematic methdd of investigation. Tt .was

Fracastoro who should probably. get credit for |

giving the venereal disease “syphilis” its name.




Figure 1. Leeuwenhoek's drawings of bacteria.
Fracastoro published a poem which recounted
the legend of the shepherd Syphilus who had
been afflicted with fhe disease.
still with us. :
"1-4. Development of the microscope was prob-
ably the most significant occurrence in the field

of bacteriology. The first simple lens was made
by Rozir Bacon. This invention was followed

by thelcompound lens of Zacharias Janssen in
Holland. The world of microbes was now visible

“to all who were interested. The first notable

observation of microbes®was recorded by Anton
van Leeuwenhoek in 1675. With his ¥rude mi-
croscope, compoged of a biconvex lens, Leeu-
wenhoek discovered bacdteria in water and body
fluids, as well as yeast in beer. He saw different
shapes and obses¥ed that certain bacteria could
move from one place to another under thelr own
power. - His drawmgs of these organisms, one of
which is shown jn figure 1, formed a foundation
of The modern- day classification of bacteria. In-

vention of ‘the microscope provided a means to’

study the causes of fermentation and disease.
Naturnlly, knowledgeable men of the day wanted
to"learn more about the identity and functions
of microbes, However, they were handicapped
in their \offorts because Leeuwenhoek jealously
guarded the secret of his microscope until his

' death.

1-5. After the death of LeeuWenhoek with
the aid of thls new -ipstrument and with ’the in-
formation .of the mdre than 200 letters which

Leeuwenhoek wrote to the Royal Society of Lon-

don about his experiments and observations, the
scierice of microbiology was started.

: M 4
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2. Contributions of Important Bacteriologists

2-1. Belief in the theory that living orgarisms
could originate from nonliving matter made it
easy to explain the presence of biological bcings,
but hampered research for scientific . truths. In
fact, spontaneous generation was so commonly

‘accepted that onc.could purchase a recipe book

which contained a formula for producing mice

by simply placing a pair of old trousers, an old

shoe, and a few crumbs of food i§ a quiet. dark
corner! In a few days or so micd would indeed
be found in the corner. or at least’ evidence that
they had been there. Fortunately, there were
individuals who would not accept such examples
as truths.

2-2. Frances edi.
1697) wanted ‘to dispgete once.and for all the
theory that putrefying meat gave rise, spontane-
ously, to living worms or maggots. His simple”
and classical experiment consisted of three ]}{X

A d

into which he -placed . pieces of fresh meat.

left one jar open, thus exposing the meat to/air.
and flies. Another he covered with gauze; - while
still another be sﬁd with a tight-fitting lid. He
noticed that flies viited the jars which were ex-:
posed to the air. and indeed observed that white
worms began forming on the meat in the jar left
uncovered. White worms were also found on the
gauze which covered one of the jars. No worms~
were found in the tightly sealed jar although
putrefaction® was evident. . ’

2-3. Redi’s experiment started the beginning
of the end for the theory of spontaneous genera-
tion. This experiment was scientific, proof for the
day. The worms or maggots were simply fly
larvae, which eventually turned intd flies. Of
course, advocates of spontaneous generation tried
to discredit this evndenc; but their -efforts were
to no avail. .

2-4, Lazzaro Spallanzam. Lazzaro Spallanzam
(1729—1799) interested in the "work of Redi
and others, approached the problem of span-
taneous generation in another way. He boiled
and sealed in glass jars various infusion broths
made from vegetables and meats. He noticed
tgdt no putrefaction or other apparent changes
odcurred in the broths even after long periods of
time,
spontancous generation advocates who claimed
that the heat had destroyed the air. Qther scien-
tific minds would later -apply. Spallanzani’s prin-
ciple to preserve food stuffs, resultmg in benefits
we still enjoy today.

2-5. Schroeder and Von Dusch “To further dis-
prove the theory of spontaneous generation. two
Schroeder and Von Dusch. followed
up the experiments of boiled infusions. However.’

<U

"
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rancesco Redi (1626—- A

/

This experiment was discredited by the .
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instead | of sealing, they closed the containers
with gauze plugs. allowing air to enter the ves-

sels. Eventually some decompositior took place .,

in’ the broths naturally. This led Schroeder to
wonder if the broth changes were caused by
organized microscopig germs, or some unknown
chentical substance. - The decomposition was later

attributed to oxygen. The cotton plugs had kept ’
bacteria. flies.- and other particles out of the

broth dnd are still used to-.great advantage in
modern day bacteriology.

2-6. Edward Jenner. 8th century saw
many innovations and scholarly contributions tg
the science of microbiology. Particylarly impor-
tant were the discoveries of Edward Jenner
(1749-1823) regarding immune  principles. His
classical experiments in.developing and adminis-
tering vaccines are known worldwide.

2-7. Joseph Lister. The 19th century saw the
use of antiseptics in surgery; The use of antisep-
tics in surgery was advocated by Lord Joseph
Lister (1827-1912). He proposed, the theory
that “infection was due to passage of minute
bodies capable of self-multiplication from infec-
tor to infected.” He soaked ligatures in disin-
fectants and’even went to the extreme of per-
forming operations -under a spray of phenol in
an effort to destroy and/or prevent these minute
bodies from infecting the patient. Because of
his many contributions, the - title. “Father of
Aseptic Surgery” was bestowed upon him. One
of his least-known credits. although questionable.
1$ that of being the first person to obtain u pure
culture of a microorganism.

2-8. Louis Pasteur. Probably the greatest blow
to the theory of spontaneous generation was
dealt bv Louis Pasteur (1822-1895). Pasteur’s
simple experimemt. using flasks with long. swan-

neck. tubular openings revealed that contamina- .

tion of .nutrient ‘material could only take place .
when the material had. access to air laden with
living microorganisms. As the air passed through
the tubular neck, the lack of air currents pre-.
vented the organisms from rising up the tube and®
guining access to the nutrient material within the
flask. Tonsequently, the flasks remained uncon-
taminated. ) "

2-9. Louis Pasteur is well-known for his work
on fermentation. rabies, and anthrax: Pasteuri-
zation of many offour food stuffs is a result of
his experiments agd observations. A major con-
tributor to the “Golden -Age of Bacteriology,”

© Pasteur is recognized as the father of bactemol-

ogy. In disproving the theory of spontaneous

3
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generation. he developed procedures which are
basi¢ in microbiology today, \
2-10. Robert Koch. Knowledge of bacteria’ is
important. and bacteriological techniques are of
prime concern to clinical, bacteriologists. The
. work of Robert Koch (1843-1910) provided a
firm foundation for modern-day techniques. He
discovered and developed the use of culture me-
dia, was able to isolate pure cultures of micro-
_organisms. and introduce the rapid-air drying of
thin bacterial films for staining. In laboratory
research and development<of bacteriological tech-
niques. he estublished valid criteria for deter-
mining the cause of infectious disease. These
criteria are known as *“Koch's Postulates” and
form the basis for the identification of many
bacteria. His classic weprk with tuberculosis
stands as a ‘tribute to these pdstulates_. These
postulates, briefly stated. are:
e A specific organism must always be as$o-
ciated with a specific disease.
+ @ The orgdnism must be isolated in a pure
culture. - )
e The organisms must cause the specific dis-
ease in a susceptible animal.
e The organism must, ip turn, be isolated in
pure culture from the diseased animal.

-11. Fmproved  bacteriological, techniques
make it unnecessary to go through each step of
Kgch's postulates in- laboratory diagnosis of most

fseasc agents. There are many organisms which
do not produce disease in experimental anintéls.

Furthermore, certain organisms in pure culture

. require close association with_another organism
in order to produce infection. These postulates
have made a science out of microbiology and are
mandatory requirements for successful investiga-
tion of certain diseases.

2-12. Through careful observation and re- -

cording of experimental results, you can’ make
_valid conclusions in the bacteriotogy laboratory.
It requires practice, perserverence, and astute-
ness to become a successful clinical bacteriologist
upon whom the physician and patient rely for
determining the cause of an infectious disease.
You, as a medical laboratory technician must be
constantly alert to new discoveries and concepts
whi improve medical bacteriological tech-
niques. e words of Pasteur (1854) admirably
illustrate this point: “‘Without theory, practice is
only routine; governed by the force of habit.
Only theory can breed and develop the spirit of
invention.” Perhaps in this course, we can stimu-

late and develop the spirit of inventio;in)auu

2
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SAFE'[Y OF PERSONNEL is of prime con-

cern in any task we do. It is a major concern

in microbiology because of the nature gf the

- material we ‘work with.. Every specimen sent to

~ the laboratory is a potential carrier of dsiease-

producing orgamsms and as you become more

proficient you' might become careless. Through

. your carelessness you can infect yourself with a

' disease- producmg organism. or worse yet. be-

come a walking carrier of a disease and spread
the disease to unsuspecting persons.

. 2. You must kpow and use proper safety pro-
.., cedures in collecting, handling, and processing
: . _ specimens .to prgtect yourself and the patient
« ' from further di
, the specimen withinj)he laboratory without caus-
ing contamin your co-workers. Also, you
mfust be able”to decontaminate a contammated
area, give first aid in case of accidental contamin-
ation of yourself or a co-worker, and take the
right steps to report accidents. <

3. Specimens are received in the laboratory
in-a variety of containers and by many different
means. You must know the various types of
containers in use, their advantages, disadvant-
ages, and methods of sterilizing them before and
after use. You must know how, to properly dis-
pose of materials after -you. have finished with

P —
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them. Also, you must know how to ship a speci- -

men properly to avdid breakage and contamina-
tion. As we go along, we will discuss pertinent
safety precautions as they apply to' individual

procedures.

1] .

3. Procedures for Receiving and Colleéf?ng

=" Specimens- : :

. . microbiology laboratory, you must either reccive
it or collect it. Most Often. it is sent to you after
it has been -collected by a physician or nurse.
On. other occEiSion, the patient comes to the
laboratory and you collect it yourself. Let’s look
at a specimen that you. might receive.

FullToxt Provided by ERIC.

You must be able to handle-

Before a specimen is processed in your

Aseptic. Techniques and Sterilizqtion-Procedures;‘ :

-2. Regeiving Specimens.’ All spgrimens re-
ceived in the laboratory must be accompanied

by the proper Standard Form (SF 514 series)..

attached to the container. These forms should
be prepared in duplicate” by the patient’s physi-
cian. Most often, they are prepared from the
doctor’s orders by the ward nurse. the senior
medical servnce technician. or similar personnel
in the clinic service. If the physician has signed
the DD Form 728. Doctor’s' Orders. he does not
need to personally sign the laboratory request.

3-3. All forms accompanying .the. specimens
should have the appropriate blocks filled in with
the pertinent information. Properly completed

forms. with atténtion paid to,possible diagnosis

and antibiptic therapy. will aid you in isolating
pathogenic bacteria with a minimum loss of time
and- greater cfficien€y.

3-4. Eachi specimen .container should be la-

beled in such a way that if the request form is

separated from the specimen. the two can be
qunckly identified as belonging to each other.
The laboratory officer will designate the appro-
priate label for each type of container. The label

should be completed by ward or clinic personnel.

the

and should show the name of the patient

register number,wthe ward location (bed nufnber.

etc.), the patie€nt status. and any other signfficant
data. It is possible to have patients on

"who have the same first names, last nanfes. and

middle initials. If the othei data are ingorhplete
or incorrect, a mixup can occur, and will not

-be able to tell which specnmen belongs to wlpch

‘tainer and its contents do go with

patient.
physncmn who is trying to make a ‘positive .dia

nosis, and to the patient he is treating. You, the
laboratory technician. should always check the
container label to assure yourself that the con-

the rdquest
form. //q

3:5. The examination desired shodld be indi-
cated by a check in the appropriate blocks on the
form or by writing in any special requests. When
a specimen is received in the laboratory. check

22

ward.

This can be of serious concern to t&
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-nisms from blood ¢

the request forl_to insure that you know exactly
wha;{t’sx s requested\To aid you. =and for fu{ure
refereétce. the anatomical site from which a spec-
imen has beén taken should be adequately de-
scribed. For example, you would want to know
if it is a specimerOf “pus frqm wound of right
thigh,” purulent pleural fluid from the right side
of thorax.” or “fluid from abdomen.”
know the source. )ou can decide what steps to
take to isolate and identify the dlsease-causmg
organism. .

3-6. Rules

for Collecting and Processing

" Speciméns.  Collecting a specimen can often be-

your responsxblln) At other times, you may
have to give mstructlons for proper collection.
fmproper collecting and processing of bacteriol-
ogy specimens have been definite factors in the
failure to isolate and identify the bacterial agent
of a dise. . The following are some simple
for collecting and processing bacteriological s
tmens: .

a. Instruments. containers. and other equip-
ment coming in direct contact with most speci-
mens must be srerile (the stool specimen is one
exception). Material for culture myst not come
in contact with chemicals. disinfectants. or germi-
cides. -

C-

b. Material for culture should be obtained be-

fore the patient receives antibiotig or sulfonamide
therapy. If He has received some type of therapy,
it should be written on the request form.

c. Specimens should be properly labeled- and
dated. i

d. Specimens should be, delivered to the mi-
crobnology laboratory’xmmedmtely after collec-

_tion,

e. Specimens shSuld be inoculated to media
immediately after dellverv to the microbiology
laboratory. =

f. IWblc culture specrmens shduld be in-
oculated to thiOOl)collate liquid medium at the

timg the specimen is collected, or as soon there-'

after as possible. t

¢. To avoid contamination, culture the speci-
men before makmg smears or performing special
tests. .
imens. Isolation of microorga-
help the physician to diag-
nosc and treat variou\ infections. Invasion of the
blood may be transitoNy or fulminating. It de-
pends upon the disease ‘dgent. the primary focal
point of infection. and the Ygsistance of the host.
The terms. bacteremia and septicemia, are often
used to describe these conditions.

"3-8. Many blood cultures yield negative re-
sults because samples are not collected at the
proper stage of the disease. Specimens of blood

3-7. Bood s

If you '

les’

i

. L

L

" should be drawn whén symptomsl“indlcate circu-

latory ‘involvement such as chills, .fever: or con-
vulsions. - Negative results from a smgle  blood
cuiture do not rule out sépticémia.:

3-9. You can use many methods toculture
blood. Regardless of the method that you choose.

‘the blood should be drawn by venipuncture, us-

ing strict aseptic techmique. You may immedi-

- ately inoculate blood'into broth at the bedside of

the patient, or collect it and take it to the labora- -
tery in stenle capped test tubes contammg sterile -
anticoagulant.

3-10. Body fluid specimens. Body fluids in-
clude spinal, synovial, pleural, pericardial, and
peritoneal fluid. Ex&mination of spigal -fluid is
important in determmmg bacterial meningitis. In
many cases, emetgency chemotherapeutjc agents
are administersd on the basis of results from a
microscopic examination (gram-stained smear)
of centrifuged spinal fluid. The genera of micro-
organisms most frequently responsible for menin-
gitis are Neisseria, Diplococcus, Streplococcus
Stap/zylococcus Hemophilus, and occasionally

-+ Mycobacterium. One of the fungl chiefly respon-

sible for a type of meningitis is Cryptococcus
neoformans {Torula). Neisseria may be -found
in specnmens of synovial fluid from arthntlc pa-
tients. :

-3-11. Wheén you receive a body fluid for cul-
ture, you should enter the source, provisional
dmgnosns as well as any antibiotic therapy on’
the fequest form" SF 514K, Bacterialogy. * This'

“will help. you to select the- proper media for"

"body fluids.

moculatnon All body fluids are aspirated by a
physncmn and transported to the laboratory in
sterile. screw-capped test tubes. You should not |
waste any time between collecting and culturing
These fluids contain enough fibri-
nogen to coagulate the fluid if we delay. Always
practice extreme care when handling body fluids.
for these fluids often contain hlghly infectious
organisms. .
3-12. Exudate specimens. An exudate is ma-
terial that has passéd~through the walls of vessels
into nearby tissues or areas of inflammation,
Exudates may come from boils, wounds, ear or.
mastoid infections, eye infections,~and skin le-
sions. ) N
3-13. A great variety of mncroorgamsms may
be isolated from such areas. Boils may yield
Staphtylococcus spp.. Streptococcus spp., and oc-
casionally Gram-negative Wacilli such as Escheri-
chia spp.. Pseudomonas $pp.. or Proteus spp.
Deep wounds, especially puncture wounds, pro-

~ vide- ideal living conditions for anaerobes. espe-

cially Clostridium spp. An infected wound that
exhibits a greenish or bluish - purulent discharge
may be a Pseudomonas infection. Exudates from
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surgical or postoperative infections- may reveal

anaerobic Streptococcus spp. Ear and mastoid.
.infections .are often caused by Psewudomonas, .

Staphylococcus, or Streptococcus spp. Eye infec-

tions may yield Hemophilus or possibly Neisseria
spp. Purulent discharges from the urethra fre-
quently reveal Neisseria gonorrheae. A Gram-
stained smear of exudate from a chanchroid or
soft chancre, usually reveals small Gram-negatlve
rods of Hemophilus ducreyi.

3-14. You may collect exudate materlal in the
form of purudent drippings from cases of ure-
thritis in male patlents on \gerlle cotton-tipped
swabs or on sterile wire bacteriological 4oops and
inoculated directly.into culture media. If you
collect the urethral discharge for examination for
gofnorrhea, use the utmost discretion and* tact
and give the patient privacy. Collect the speci-

‘men with the least amount of embarrassment and

talk. When you see the request, do not broad-
cast it for all to hear. Remember always that
laboratory requests and results are privileged,
confidential information and this information is
between you and the physician o .

3-15. Fecal spg,qgnens Bacteriological exam-
ination of fecal specimens aids diagnosis of gas-
trointestinal infections' manifested by diarrhea

ard/or dysentery Stool cultures, along with

blood and urine cultures, are important aids in
diagnosing typhoid and paratyphoid févers. Many
diseases are spread by, -human carriers through

food and drink. Therefore, we perform stool cul-

tures on food-handling personnel to supplement

. public health control measures.

3-16. The organisms most frequently involved

in enteric infections are the Salmonella and
Shtgella spp. Arizona arizonii has.been impli-
cated to a lesser degree. The normal intestinal

flora of the adult are primarily Escherichia coli

(E. coli), Citrobacter spp., Enterobacter ‘cloacae,
Klebsiella pneumoniae, and Bethesda-Ballerup
and Providence groups. Pseudomonas ae:}gz-
nosa, Alcaligenes faecalis, and Proteus spp. /are
sporadically present and may be called transient
saprophytes. Saprophytic organisms, including
Proteus morganii and the Providence group, have
been implicated as etiological agents of infant
diarrhea, as has pathogenic E.-coli,

3-17. In culturing spemmens of intestinal ori-
gin, the basic problem is to isolate pathogenic
agents from specimens which may contain large
numbers of saprophytic organisms. To do this,

©we use special, differential. \electne and inhibi-

tory media.

3-18. Fecal spec1mens should be collected in
clean, wide-mouth containers Wwith tight-fitting
lids. Cardboard half-pint containers with tight-
fitting lids are generally used. The advantage of

~

“clean.

.. die off rapidly aft

" riological: examlnatlon

J

their use is that the containers and contents can
be incinerated. . Stool collection containers do not
have to be sterile. but they should #lways be
YQqu should never mix specimens with
body- fluids. or collect them from bedpans or
commodes. ’

3-19. 1f you use rectal swabs for a specimen,

tory in clean, cotton-plugged test tubes. Regtal
swabs are useful to collect cultures from infants
or large numbers of.patients: You should culture
feeal material as soon as possible after collection.
ative agents. particplarly Shigella spp., as they
collection,

- If culturing is delajd yoy may not isolate caus-.

3-20 Sp?;x spgcimens. Spdtum specimens
are usually from true or fispected cases of pney-
monia or tubgrculosis. You will use different tech-
niques to examine sputum specimens for bac-
teria that cause penumonia and bacteria that cause

' tuberculosjs. You must be sure that the request

clearly states the' type of examination to be per-
formed. If in doubt, (;heck with the physician.

3-21. You should’ collect sputum for bacte-
in sterile, wide-mouth,
screw-capped jars. .In cases of pneumonia, one
sputum spec1men is usually enough for the ex-
amination. Collect the" spec1men as”soon as the
patient awakes ‘in the morning. You should ex-
plain to the patient “the dlfferencc between spu-
tum and spittle. Sputum is a secretion. brought
up from the lungs and bronchia] tree; and is
usually associated with a cough. . Splttle is noth-
ing mort than an accumulation of saliva in the
mouth. Spittle will not show the bacteria infect-
ing the deeper regions of the respiratory system.
3-22. Throat and nasopharyngeal “specimens.
Throat and nasopharyngeal cultures help diag-
nose infections such as streptococcal sore throat,
scarlet fever, diphtheria, and whooping ‘ough.
They can determine the focal pomt of infection

" in diseases such as rheumatic fever and acute

glomerulonephritis. In e |demlolog|cal studies,
these cultures can detect carriers of beta hemoly-
tic Streptococcus, hospital Staphylococcus spp.,
Corynebacterium dzphtherzae and -other poten-
tial pathogens.

3-23. Collect throat and nasophdryngedl speci-

“mens under good lighting with sterile, ¢otton-
- tipped swabs as shown in figure 2. You can also

use a flexiblg wire. cotton-tipped West swab as
shown in figure 3. The culture tube in which the
swab is placed may contain sterile. culture broth
to prevent drying of the specimen. Thioglycollate,

. trypticase soy, or Todd-Hewitt broth is satisfac-

tory for this purpose. In figure 4, we show how

24 ot .~

| they should”be sent to the microbiology -bord-~ -

g

\



oo }
1
E

1’ Ll

. v
, »*
A
, :
-
A
| , P
. . . i L C. :
.. ‘ 2 .
. '-'{;‘; Ny
. R s
»
5
.
LY
) , R
Figure 2. Throat culture collecOn tube with swab

to depress the’
pass the sw
" (4A i

st the crypts and tonsils
ack surface of the pharynx
v (4B). ch the swhb to the tongue,
check, or tceth. 'The ‘tongue, cheek, and tccth
harbor a varicty of organisms unrclated to the

disecase organisms which may be pathogenic and.

significant if isolated from the proper site. nA
swab contaminated .by contact- with the tongue,
cheek, or teeth may add many confusing orga-
nisms and make isolation of the pathogen diffi-
cuit. Place the swab in a sterile test tube.and
immediately send the specimen to the bacteriol-
ogy laboratory.

3-24. When you. receive a " cotton-tipped swab-
for culture and smear, you must remember to
make cultures before making the smear. Other-
wise, bacteria may be transferred from the smear
slide to the culture media and we have contami-
nated the culture. You should discard the swabs
into a solution of disinfectant. The addition of
swabs to the solution tends to dilute it, thereby,
lesscring its effectivené§s "and some spores are
not destroyed. Therefore, you should sterilize
the swabs and container .in the autéclave and
~ not discarded directly into a trash can. Remem-
~ ber, all material reccived for bacteriological ex-
amination is a’ potential hazard and can infect
you and all others who may- contact the material. .
Use caution when disposing of such materihl

Sy

th a’ tongue blade and’
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3-25. Urme specxmens. Unnd cultm'es are . bf
value. in: -diagndsing primary ‘infectiogs; of the |
urethera . (urethritis), bladder (cysfitis), an'd
kidneys (nephrms) They are also important 'in *
diagnosing certain systemlc infections caused by.
bacteria excreted via the urinary tract. Staphylo-
coccus spp., Streptococ‘t'us Spp.» and Neisseria
_gonorrieae are the primary etlologxcaj agents’ of
" urethritis; while. Escherichia, Proteus, and oc--
casionally Pseudomonas spp. aré causative agents
of cystitis. Any ope or more of these organisms’
may. cause a’ bactenal nephritis. Yet, many of.
these orgamsms may be common urine contami-
nants. A  physician - usually -does not make a
diagnosis on the basis of one urine culture.
Rather, repeated isolation of large | numbers of,
a particular. o/x;i%.gsm from a series of uriné
specimens -is &vidence for the' patﬁogemc:ty of
an organism.

3-26. Ideally, catheterized mommg specnmens
obtained asepucally are desired for all routine
bacteria]. examinations of urinegVoided speci-
mens are likely to contain contaminating sapro-

, phytes. Where male patignts are concemed fol-
lowing proper cleansig of the glar® penis, it is
‘permissible to collect a clean (midstream),
voided urine specimen. Urine from female pa-

&

_ tients is best obtained *by catheterization- since

voided 'urine may be.contaminated with bacterial

P

West swab for collecting nasopharyngeal
specimens.

Figure 3.
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vaginal discharges. You should collect all spec
ments in sterile, urine bottles or sterile,,widg-
mouth, ' screw-cappetl jars,
collecting and culturing of urine specimens may
contribute o a change . in pH ‘and other char-
acteristics, . of the specimen, resulting in a hlgh
death rate of the organismjs present. o

'

+3-27. Urine, unless catheterized, should be col-

lected by the patient ‘himself. This may be done’
on the ,Ward or the patient _may be sent to the

[ . . L

laboratory with the proper request fotrm. |The
physician will state whether he wants a_clan-
voided, midstream, two-glass, or three- glass ine
specimen dependmg upon what specific inRyr-
mation he is seeking. You must have knowl
of thede terms and know what is meant by t
if the proper collection is to beésmade.
a.’To collect a* clean-voided, urine spccnmen
the patient is jnstructed how to wash the oemtdlm
with a suitable “cleansing solution. He shoyld
void directly into a sterile, screw-capped con-

m

tainer without contaminating the inside of the

contdiner.

b. When the physician orders a midstrean
urine specimen. the patient is fnstructed how to
wash the genitalia®with a suitable cleansmg solu-
tion and to void—discarding the first part of the
urine stream. He is told to collect,

. .~ v s N
»

@

Delay bétween the .

in a sterile

- anun-. a. Collectlon of thro, t swab cultures Crt e '

flgra prcs;nt in” the external genitalia* or from

8

' ‘"’,”@ &
contamer, that part of the urine sgre‘ %h@w,‘
_in’his oplmon, is the middle’ third. The' ust part

: of the urine is also vojded and discardéd. The

patlen,t must understand* that it is the middle
third of the urine stream that is desired.

c.. Sometimes the physman will order a two-
* T glass or three-glas urine specimen, "When either
of these is ord the patient is instructed how -
to wash t enitalia with a suitable cleansing
solution"agd to coIIect the urine in two or three
sterile, screw-capped containers, The patient is
given  numbered bottles and told to collect the
specimens in the order the botties are numbered.
. The Volume in éach bottle does not matter; no
attempt should be made to ddjust the volumes
by pouring urine from one bottle to another. The
volumes should be left as collecied.,

¢

3:28: To avoid embhrrassment to yourself and

“the patient. it is best to have a printed set of

instructions for cach of ‘the collections. When
the paticnt hands you a request form, all you
_need to do is-sce that the patient has access 1o
gontamers. cleansmg miaterial, and a private place *
to eollect the specimens. If the patient is a child.
glvq the instructions to the accompanying adult,
who in turn can seé to it that the specimen is
properly collccted - ‘
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3-29. There are valid rcasons for collecting
the urine specimen as described above. A clean-
voided urine can indicate an infection in the

“urcthra or the anterior section of the bladder.

The midstream collection helps to pinpoint an
infection in the bladder. The three-glass urine
divides the urine as coming from three separate
anatomical segtions of the. urinary system. The
first is the urethra. the sccond is* the bladder.
and /thc third is the anterior part of the bladder.
or possibly the urcthers and kidgey. -as some
urine mity drain into the bladder when it empties.

3-30, Other methods of urine collection are
done by the physician. These methods include
catheterization” of the bladder. the urcters (such
urine comes to the laboratory in marked con-
winers. right ureter and left ureter). and possibly
from the kidney itself. You  must remember to

‘handle cach specimen carcfully and to avoid
-mislabeling your cultures.

4. Handling Microbiology Specimens .

4-1. All specimens received in the laboratory
should be in containers which have-g clean. un-
contaminated exterior surface. It is possible that
during delivery of the specimen from the ward.
place of collection. or within the laboratory it-
sclf. splashing of the contents may occur. If the
container does not have a tight-fitting lid. some
of the contents may seep around the cover and
contaminate the outer surface.  This contami-

‘nated surface i$ a source of infection to you or

anyone clse in the laboratory. Do not accspt
any specimen which shows evidence of a con-
taminated outer surface.

« 4.2, Wrapped spccimens (2 common practice
with outpaticnts). should be unwrapped and re-
moved from their wrappers by the person bring-
ing the specimens to the labgratory. Do not let
the person lcave until you are sure that a re-
quest slip has accompanied the specimens and
that the specimens arc properly identified. -

. 4-3. A diaper is somctimes brought to the
labaratory for bacteriological examination of its
contents.  Check the request form to see if the
phvsician is interested in cnteric bacteria. then
the diaper contents are acceptable if the specimen
is fairly fresh. If the physician wants a check
for bacteria other than enteric organisms, another.
fresh specimen should be .collected in a sterile -
container or on a rectal swab.é Do -not rinse the
diaper. as this subjects you to a source of con-
taminittion. .

4-4. As an added safety precaution, it is wise
to use a bacteria isolation hood wher. working
with highly contagious material. You should -also
‘wear a face mask and rubber gloves to prevent

' contaminating yourself. Perform all bacteriological

o -

work on a nonabsorbent “surface. You should
place a disinfectant-soaked paper towel or similar
absorbing material directly on your working sut-
face. This will minimize contamination caused by
droplets or spillage of-a specimen. When you are

finished with your work, the entire area’ should

be wiped down with a disinfectant.

'4-5. When you mix liquid specimens or serially
dilutc broth culturcs, BE VERY CAREFUL. The
aerosol produced duririg these procedures is
source of danger and can very casily sprcad a
“fog" of bacterix throughout the immediate arca.
The acrosol can infect you or another person
through the~natural process of breathing. The
bacteria may not scttle until after you have
cleaned up and’ left the area. ’ »

4-6. Occasionally. you may centrifuge a speci-
men or culture to concentrate the material. To
do this. you use tightly fitted screw-capped tubes
to prevent contamination{of the matcrial as well
as the atmosphcre. However. you must be carc-
ful-in the choicc and care of glassware. Chéck

it before use for cracks and chips. Make sure’

one tube is balanced with another tube before
spinning. Also. it is important to check your
centrifuge for balance: Unbalanced, the tubes

may get broken. spreading dangerous biological

material all over the laboratory. or centrifugal
forcc may tcar the head from the motor shaft.
Do not excced the recommendgd speeds set by
the manufacturer of the centrifugeor the glass

“maker.

4-7." Yau should stuff nonabsorbent cotton into

the mouthpicce of all pipettes used in bacteri-’

ology. The cotton should not fit so tight that a
great amount of suction is nceded to draw the
fluid into the pipctte. You might suck the cotton
out of the pipette and get a mouthful of bac-
teria for your efforts. *A commercial rubber suc-

tion bulb which is casily controlled with the hand’
should be uscd with pipettes. Herc again, you

must cxercise carc and not contaminatc the bulb.

4-8. Remember. the steps you take to prevent
contamination of yoursclf, other persons. and the
laboratory are worth the cffort. It takes. less
timc to prevent contamination than it does teo
treat a person who becomes infected.

4-9. Types of Containers. There are many .

factors to consider when choosing a container
for a bacteriology specimen. The type of speci-
men; source of specimen, analysis gésired, timc
lapse between collection and media inoculation,
and the final disposition of the container arc im-
portant factors. Each laboratory. including the
one in which you arc now working, has an cs-
tablished procegurc for sclecting containers used
to collect the various specimens. Learn and usc
them only as directed. ' Remember to consider
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the above points in chogsing containers for speci-
mens.
4-10. The type of specimen will be our first

dictate in choosing a container. Naturally, the

viscosity of a specimen will play a part in our
choice between a cardboard or a glass container,
and between a loose-fitting or .tight-fitting lid.

" You should collect fluid specimens such as urine,

spinal fluid, and pleural fluid in‘a screw-cup,

sterile, glass container. Glass is easily sterilized. .

and is, therefore, an excellent container for most
specimens. Wax-coated cardboard containers
cannot be sterilized with heat and, therefore.
must be used sparingly. However, they are well
suited to collect stool specimens. The box and
its contents can be readily incincrated after use.

4-11. Certain ‘body fluids may coagulate be-
fore they get to the laboratory. In this. case. you
would use a -sterile, . screw-capped, wide-mouth

" glass jar. You would culture the whole clot, be-

cause as the clot forms, bacteria along with cel-
lular structures’ such as‘ white blood cells, red
blood cells, and epithelial cells, will be C'lught
in the fibrin clot®If you want to inhibit clotting,
you can use anticoagulants. They must be

sterile, compatible with bacterial life, and used’

according to the manufacturer's directions. You

‘can avbid clotting by inoculating the culture
media directly at bedside us the specimen is

collected.

4-12. A needle with a large eye is easier to
thread than a needle with a small one. Likewise,
a wide-mouth container to collect a sample is
easier to use than a narrow-mouth container.

~And so, we must consider the source of _the.

specimen. Urine, sputum, tissues, exudates, or
specimens of large ‘quantity should be collected
in various sizes of screw-capped, wide-mouth con-
tainers. Spinal fluid, small quantities of urine.
and cavity fluids can be collected in small, screw-
capped tubes.

4-13. If you catheterize to obtain the urine,
use a sterile, screw-capped test tube. Test tubes
are easy to centrifuge, so the specimen need not

-be transferred to a tube for ‘centrifugation,

thereby, cligyinating a step which could introduce

a source of contamination. You should also col--
lect spinal fluid, because of its usual small vol- -

ume, in sterile, screw-capped test tubes.

4-14. The type of analvsis requested should’

be considered before choosing the type of con-
tainer. Again, we refer to stool examination.

Normally, we use a clean. waxed-cardboard box.

However, you must use a sterile container -to
collect stools if you are interested i other than

- enteric organisms. To study various body fluids

for virus and rickettsial-like organisms, may re-

‘quire that you collegt two or more specimens a

few weeks apart. This means storing one speci-
men unnl you receive the second one.

4-15. If a suitably sized container is not se-
lected. we may quickly run out of storage space
for sterile and nonsterile containers. Occasionally,
.24-hour urine specimens are collected- to check
for tuberculosis of the kidneys. Storage of con-
‘tainers large cnough. for this volume can posg
a problem to both the ward and the labor'\tory
Selection of suitable containers is based on in-
telligent forethought as to storage space.

4-16. Another important factor is the time
lapse’ between getting' the specimen and cul-
turing it. It is desirable to transfer the :clinical
material to a suitable growth environment as soon
as possible after collection, but it is possibleé to

hold some material for a relatively long period

of time. As an example, outpatient clinics collect
throat and nasopharyngeal culture swabs. ~In-
stead of thesc swabs going to the laboratory as
soon as collected, they may be kept at the clinic
for several hours. Let’s Tace it! It is better to
make 1 trip carrying 10 or 12 tubes to the lab-
oratory- than it is to make 10-or 12 tnps carrying
1 tube each trip.

4-17. If too much. time elapscs between col-
lection and dclivery, the swabs-may dry out and
the chances of recovering pathogenic organisms
are greatly reduced.. To prevent this happening,
you should place the swabs in a tube of broth
or other “holding” material. .In addition to pre-

venting drying, there is the advantage of giving

the bactefia a headstart in their growth. In turn,
this means that the physi‘cian gets his report back -
. quicker and the patient is assured of faster

~ treatment.

-4-18, Do not allow a specimen to stand a
great length of time before starting the necessary
studies. Some fluids, if allowed to stand, will
change in their state of acidity or alkalinity. This
change may cause some bactefia to die while
other- bacteria grow and multiply faster. This
means that a pathogenic organism with a slow
growth rate' may be overgrown by a fast-growing
nonpathegen. Current research is mvestlgatmg
the possibility of allowing cotton swabs to dry in
order to eliminate: saprophytes. As this technique
is* not part of this section, we will not discuss
this work here. It is important to start the iden-

 tification brocedures as soon as possible. We must

impress our ward and clinic personnel with the -
idea that the specimens must get to the labora—
tory with the least amount of delay.

4-19. After all is said and done, we have to
dispose of the biological material. By final dis-

~position we mean—*“What will happen to the

28




container and the contents when we are finished.

with it?” Do not discard ariy contagious material
into- a common trash can. Containers such as

t
N °
vent the large intracellular crystals and favor the
formation of small crystals. Some authoritigs be-

lieve that slow-freezing is preferred because time

_plastic tubes, plastic bottles, and wax-coated card-  is allowed for the osmotic pressure adjustmenis -~ N
board containers can and should be incinerated. between the interior of the cell and the-surround-
You should sterilize glass containers by auto-  ing fluid. Freezing can be done in a solution of
claving before the container and its contents are 5 to 50 percent glycerol in saline, or in any other
discarded. Your laboratory has a standard pro-  solution which will slowly remove the water from
cedure for discarding contaminated containers  the cell and prevent crystallization.
and material. Know and follow it to the letter! 4-24. You can use the freezer section of the
4-20. The advantages and disadvantages of  refrigerator to freeze specimens for viral exam-
meskgontainers center around case of steriliza-  jnation, whercas, you usually cannot use it to
tion. (Hass containers can be casily sterilized by freeze and preserve bacteria. For viral studies,
autocluving. by hot-air oven, or by the simple  yoy should collect at least two specimens and
cxpediency of boiling them in water for the  examine them simultaneously. The first specimen
proper length - of time. This latter technique - js marked “acute sample,” and is collected while
means that outpatiénts can sterilize their own the patient has the suspected disease. The second
bottles at home if necessary. specimen is marked “convalescent sample,” and
4-21. Plastic and cardboard containers are mot s collected 2 to 3 weeks later, after the disease
casily heat-sterilized. They can be sterilized with  hag subsided and antibodies have had a chance
certain gases, such as ethylene oxide, but most to _build up within the body. Process both sam-
laboratories do not have access to this fﬁ"' ples together. As a diagnostic tool, neither sam- )
~ sterilizer. The use of disposable containers is e js good without the other. The first specimen
- encouraged for bacteriological work. But again, g preserved by freezing; first, to prevent over-
dhere is a logistic problem involved with their growth by bacterial contaminants, and second, to
usc and often we cannot keep enough of the  slow the metabolism of the virus. Store the acute
necessary supplies on hand. It is essential that  specimen in the freezer compartment of the re-
- you know thg container types, their uses, and frigerator, pending receipt of the convalescent .
methods of sterilization in order to choose a con- specimen. Since the stability of any viral agent .
tainer style which best meets the needs of your s unknown, freezing is considered only a tem- ‘
laboratory. b porary measure. We will cover a more complete
4-22. Preservation.. As a bacteriology tech-  (jscussion on specimens: for viral studics in a L
nician. be certain that you have performed .all  yter volume.
the proccdurc‘s the physician requested. Be ab- 4-25. Freeze drying. The method of freeze-
solutely certain that you start all procedures as drying depends upon extreme cold, rapid evap-
soon as the specimen is received in the labora- oration of water, and- the use of a vacuum to
tory. Only aftf:r you are assured that you have  liminate any water which may crystallize. First,
done all that is required, may t.hc specimen e iy the bacteria in a suitable fluid medium and
discarded. However. you may find it neccssary dispense the bacteria in small aliquots to glass
to preserve the specimen for future reference. ampules. Put the ampules into a bath of carbon
Prescrving b‘uctena] specimens  must be done dioxide ice and alcohol or acetone to reduce the
propcrly to insure correct identification of the temperature to near —76° C. The contents will
organisms at some future ‘dute’. There are SeV-  flaaze immediately. The contents are dried while
eral methods of preservation: the one YOU US€  they are in the frozen state by using a high
\wll:dcpcnd on. why you arc preserving the oo um o which will sublimate the water. The
specimen. We “.”“ dlscusg the !“"‘h"ds Of. -frt?ez- ampules are heat sealed while still under vacuum.
Ing. ‘frcezc-drymg. refngeraqon, dt".ssncatmg, To reconstitute this powder, you need only add
chemicals, ;md' the use of holding media. - . a sterile broth medium or other sterile fluid.
4-23. Freezimg. You can freeze bacterial : . b 2 b ;
4specimens for a long time at temperatures of 4-26. The press’.rvatxon Ofo acteria by "is“‘g
~70" C. or colder. You must be aware of the temperatures ranging from 0° C. to —76° C.
factors which favor survival or cause death of 'S prgbab]y most important to thq research or
_microorganisms subjected to low tcmperatures. te'achmg laboratory. Many bacteria and mold
You should freeze bacteria very carefully. As forms have been kept for years at thesc low tem-
bacteria freeze. ice crystals or spicules form in- ~ Peratures. In fact. some species of bacteria will
side the cell. Large crystals picrce the cell wall ~ grow gxen after being subjected to temperatures
and causc mechanical destruction of the' organism.  as low as —252° C. Future examination for
If you freeze the organism rapidly, you can pre-  reference purposes is then possible.
. 11 .
.
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4-27. Refrigeration. Refrigeration at 4° C,
will slow the metabolic processes of bacteria to
the point where multlpllcatlon is neghglble By
this means the number, size, and spacing of bac-
terial colonies can be temporarily preserved. If
you must store a culture for a day or so because
of lack of media, a holiday, or other reason, you
can preserve it by refrigeration.

4-28. Desiccation. This method means re-
moving water by drying, and can be used to
preserve certain bacteria. Once preserved in this
smanner, they can survive for long periods of

+“..time. It must be recognized that some species

of bacteria, however, are readily killed by desic-
cating procedures and, the choice of this method
of preservation must be carefully made. Desic-
cated cultures are convenient because a large
number of them may be stored in a small area.
Maintained in this manner, those bacteria which

survive drying do not produce mutations upon-

being reconstituted. The simple addition of a
sterile media will reconstitute the. bacteria.
Corynebacterium diphtheriae have survived as
long as 15 years, Mycobacterium tuzerclosis as
iong as 17 years, and pathogenic beta Strepto-
cocéi for 25 years.

4-29. Chemicals. Straight chcmical preserva-
tives should not be used to preserve bactcria.
A chemical preservative can alter the bacteria
metabolism and in many instances causc death,
Consequently, the chances of isolating bacteria
from these specimens are not good. If you use
a container which has held a chemical preserva-
tive, you must clean and sterilize it before using
it to collect specimens for microbiological exam-
ination. '

4-30. You may use glycerine (15 to 20 per-
cent in sterile, buffered saline) to preserve weil-
formed, specimens, such as stools and tissue, but
is of little value for .preserving liquid specimens.
We mentioned in a previous paragraph that 5

to 50 percent glycerine in saline can be used to’

freeze bacteria.

4-31. Holding media. A holding or transport
medium should be used to preserve the viability
or maintain the original number of bacteria in
material of human origin. A medium such as
that devised by Stuart works well. A good hold-

-ing medium should contain a non-nutrient, soft.
_agar to prevent overgrowth: charcoal to neutralize’

- certdin bacterial inhibitors; and a reducing agent
0 pre ent oxidatior of the medium components.

A holding medium is not necessarily a long-term
means of preserving bacteria.
bacteria die due to a change in the medium
caused by moisture loss.” Holding medium lends
itself well for shipping bacteria to reference lab-

L3
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oratories for confirmation-and keeping reference
cultures in your own laboratory.

4-32. Shipment. . Many laboratories ship. bac-
terial specimens to reference laboratories for ini-
tial analysis or ‘for confirmation studies. = All
specimens shipped must be accompanied by the
properly completed SF 514K, Bacteriology

4-33, Shlppmg specimens requires a. knowl-
edge of the specimen itself, US. Air Force di-
rectives, and United States postal regulations.
We will not cover this material nor duplicate
material which is readily available. Your lab-
oratory should have AFM 160-28, Merhods of
Preparing Pathologic Specimens for Storage and
Shipment. As a student and future NCOIC, you
should obtain a copy of this manual and become
aware of its contents. It is your Buide for the
storage and shipment of specimens. The manual
does not give specific instructions for collecting
and processing bacteriological specimens for
shipment. We present an outline for processing
various bacteriological specimens in table 1. It
is also your responsibility to know. the specific re-
quirements of the reference labbratories you use.
Write or call them for their operating instructions
concerning shipment of specimens.

4-34. Precautions Against Contamination and
First Aid. In any highly technical field, you need
to be very careful and know .the hazards that
exist. In microbiology, you nged to use more
than ordinary care to avoid trouble. You can
become infected or infect others with sloppy
techniques or through carelessness. .

4-35. Precaution _against contamination. At
times your work areas will become ‘contaminated
with pathogenic organisms. This occurs as a re-
sult of human carelessness and accidental break-
age of containers due to flaws or aerosol sprays.
To prevent the spread of a disease agent from
the contaminated area, it is essential that you
start decontamination procedures immediately.
Knowledge of thesc procedures is a necessary
part of your job.

4-36. You can best carry out surface decon-
tamination by using a phenol solutign. Phenol
compounds are absorbed as a thin, fairly durable
film on surfaces to whigh they are applied. This
film . creates a residual
stroying bacteria already present on the surface,
serves to destroy bacteria which land on the sur-
face for several hours after it is applied.

4-37. Halogens, heavy metals, synthetlc deter-
gents, and alcohols work well for the first’decon-

tamination, but as a rule, lack the ability to re-

main potent for any period of time.

4-38. If you fail to decontaminate an area im-"

mediately or as soon' as possjble after contamina-
tion, this may result in contaminating a much
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physician. You must know the methods of artifi-
cial respiration, the pressure points, how to stop
hemorrhage, and how to treat shock. Attend any
and all cross-training courses to increase your
knowledge and proficiency in these areas.

larger area. yourself, your work. and everyone
in the vicinity because of air currents caused by
movement of equipment and personnel within the
luboratory. If you think that an area has become
contaminated. decontaminate immediately. Do
. not wait until you have finished with your work:
it may then be too late. :
4-39. First, aid procedures. First aid proce o , :
dures in a bacteriology laboratory should be 4-40. Most accidents are not serious and in-
limited to those procedures which will prevent in- “clude lacerations, ncedle punctures, spillage of

fection and preserve life before you can see a contaminated materialg,” and the improper use of

ﬂ

TABLE 1

CORECTION AN PROCESSING OF BACTLERTOLOGICAL SPﬁCl“ENS FOR SUHTPMENT

3

Sre s men

Processing Jor Jhipment

Ramarka
o

Ascitic fluid for bacterial
and fungal ‘culture.

[

Place aseptically in sterile

containers without preser-
vative.

Where tuberculosis is suspected,
see directions for tubercu-
losis specimens. .

0

Bacteria, pure cultures of,
for i1dentification, confir-
mation and sensitivity tests

Grow in pure culture on beef
infusion agar in screw-cap
tubes. Prior to shipment,
tighten screw-caps and
secure with adhesive tape
or by dipping in melted
paraffin.

" Plant subcultures on agar slants

and incubate 12 18 hours.

A duplicdte of eqch culture
should be retainediin the lab-
oratory of origin until a
final report is rendered.

\

Blood or urine for culture

3

Collect 3 ml. of blood asep-

tically before serum,
chemo- or- antibiotic
therapy has begun and
transfer to rubber-
stoppered bottle contain-
ing hemoglobin-trypto-
sephospate ®roth or other
suitable broth.

Prior to shighent, incubate
specimens for 12 to 24 hours.

- : ©

SQerum for bacterial and cvold
agglutinins, antibiotic
[cvcl&. and complement-
fixation tests,

Collect blood aseptically in
sterile evacuated tubes,
filling to capacity.

Allow firm clot to form before

packing for shipment. Blood
for cold agglutination tests
must not be refrigerated until
cells are separated from serum.

Cerehrespinal fluid for bacter-
141 Lulture, anu antibiotic
and sulfonamide level.

A minimum of 3 ml., of fluid
is collected aseptically
and inoculated into
hemoglobin-tryptosepios-
phate broth. B -

Where tuberculosis is suspectcd,
see directions for processing
such.specimens. Retain broth
culture under incubation 12 to
24 hours prior to shipment.

Throa* cultures for .
iigackeriae

Inoculate Loeffler's serum
slant with a sh throat
swab.

Mdail specimen immediately.

txudates for bacterial and
fungal cultures.

Cae

Place swabs aseptically in
sterile screw-capped con-
tainers without preserva-
tive,

Fecal specimens for bacterial
culture (except tuber-
culosis;.

Emulsify a S-g. sample
aseptically in a sterile
screw-capped vessel con-
taining one part C.P.
glycerin and three parts
0.6 saline solution, I[f
shigellosis is suspected,
immediately freceze the
specimen in a solution of
alcohol and-dry ice. Pack
the (rozen specimen in
cardboard carton with dry
ice for shipment.

‘In food poisoning outbreaks,

feces should be collected from
patients with diarrhea and all
food handlers associated with
the outbreak.

13
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TABLE 1 (CoNT'D)

~

COLLECTION AND PROCESSING OF BAUTERIOLOGICAL SPECI'ENS FOR SHIPMENT (CONT)

Spaecimen

Processing [or shipmant

Remarks

Specimens for bacteriological
examination following foqd .
poisoning outbreaks.

(1

‘opened in

) Any suspected canned

foods sho be shipped un-
riginal container.
(2) Well mied Tepresehtative
samples of ected pre-
pared food should be placed
aseptically in suitable con-
tainers without preservative.
(3) vomitus from all cases in
which vomiting is present
should be placed aseptically
in suitable sized starile
containers without preserva-
tive.v (4) Swabs from

lesions taken from food
handlers should be placed

in nutrient broth using
aseptic technique and
transferred to sterile'"
screw-capped test tubes.

Complete epidemiological history

should accompany any specimens

- taken irom food poisoning out-
breaks!

Joint or othér body fluids for
bacterial and fungal
cultures.

Collect joint and other body

fluids and transfer asep-
tically to suitable sized
sterile container without .
preservative. Plant fluids
for mycological culture on
Sabouraud's media, or place
in sterile screw-capped
containers without preserva-
tive. v

Sputum for pneumococcus
culture or typing:

~

&

llect aseptically before

serum, chemo -- or anti-

biotic therapy is started
and place in sterile con-
tainer without preserva-

tive,

Swabs for culture from open
lesions. -

Swab lesion with broth-soaked
-Swab and place aseptically

in sterile screw-capped
test tubes,
1

Tuberculosis, specimens for
smear, culture, and
animal inoculation (other
than sputum and gastric
contents).

Collect fluids, tissue, or

feces in suitable sized
sterile containers without
preservative.

S

———

Specimens include ascitic fluid,
cerebrospinal fluid, joint
fluid, pleural fluid, pus,
urine, lymph node, and other
tissue and feces.

Tubegculosis, sputum
specimens

n

Collect all sputum coughed up

the morning after first
having patient wash teeth
and rinse mouth thoroughly
with boiled water. Place
entire specimen in a
sterile wide-mouthed screw-
capped bottle; add an equal
volume of 20% trisodium
phosphate.

During collection, keep jars
out of direct sunlight or
the tubercle bacillus will be
rendered nonviable and, there-
fore, unsuitable.for culture
or animal inoculation. Do not
use cardboard sputum cups for
collection.

Tuberculosis, gast?ic
contents.

-

Through sterile stomach

lavage tube introduces
200 to 300 ml. of sterile
saline solution into fast-
ing stomach. Evacuate
stomach and place entire
specimen in suitable
sterile container,

.

Prior to placing specimen in
shipping containeT, neutralize
it to litmus with 20 percent
sodium bicarbonate.

5
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-complete ap accident report.

pipcettes. In all instances. you need to take first
aid steps immediately. After you have taken
these steps. refer the individual to a physician and

ulapttorn$ will help you in the proper procedure.
Be) sure you report all accndents to your NCOIC
or ‘OIC. B g

4-417 Laccrations of the fipgers and hands oc-
cur frequently, particularly when handling
chipped or cracked glassware. If you do cut your-
self. you will usually have some bleeding. This
flow of blood flushes any bacterial contamination
out of the wound. However, you can still become
Wfected because some pathogenic’ bacteria may
enter the bloodstream. where conditions are quite
favorable for opumum growth. First aid for a
laceration injury is to nmmcdlately cleanse the
wound with running water. then wrap the wound
with ster ic material. Procegd to the treatment
room to see a physician. It would help the physi-
cian to know what organism was on the glass-
ware causing the laceration. or the Source of the
specimen with which you were working. The phy-
sician will be able to better treat the wound and
prescribe medications.

4-42.. While working with a needle and syringe, .

it is very easy to stick yourself with the contam-
inaled needle. A puncture wound is a greater
danger than a laceration because little or no bleed-

ing occurs with o puncture wound. Pathogenic’

organisms are forced deep into the tissues. This
deeper penetration gives the bacteria an environ-
ment where good growth can occur. Don’t disre-
gard the fact that vou received a needle puncture.
See a physician at once. before the signs and
symptoms of a-disease show themselves.

4-43. Careless spilling of a contaminated fluid
cah Very easily infect you with pathogenic or-
zanisms. Although a laceration or puncture does
not usually accompany spillage. there is a good
chance of contacting % local skin infection be-
cause of large numbers of bacteria in a fluid me-
dium. particularly if the material has been incu-
bating for some time. You may have an old
laceration and the bacteria can penetrate the heal-

: |n" tissue.

Ground safety reg--

contaminate yourself while using pipettes during
bacteriological analyses: (1) misuse of suction
and (2) contaminated pipettes. It is very easy
to receive a mouthful of contaminated material
if you do not watch the level of material in the
container while applying suction. If you pull the
tip of the pipette out of the fluid. the suction you
are applying will draw the fluid in the pipefte
up through the mouthplece and into your mouth.
This happens quickly and normal reflex action is
not enough to prevent contamination. A nonab-
sorbent cotton plug in the mouthpiece of the
pipette can prevent some of this contamination.
A rubber bulb to apply suction. is safer and is

. recommended. If you receive a mouthful of con-

4-44. First aid for spllldgc is to |mmed|atelv'

wash the affected area with a disinfectant-type
detergent soup, then rinse with larde amounts of
running water. You should wush and- rinse as
soon as possible after spillage. and before you
clean up the bench or floor area. Clean and de-

contuminate the spillage area after you have’

rinsed the contaminated material off your person.
Again. seck the advice of a physician.

+-45. Pipetting accidents are not common in
the bucteriology laboratory, but they do occur.
There ure two major ways in which you might

taminated material, rinse your mouth imme-
diately with water and then use a good disin-
fectant mouthwash. Seek the advice of a,
physician.

4-46. Another means of contaminating an area
is to lay a contaminated pipette down on the

bench top. When you finish using a pipette, im-.

mediately put it in a disinfectant solution. Do not
lay it down on the bench. You might pick up the
dirty pipette to use again. This may contaminate
your fingers. and when you use your finger or
thumb to controf the flow of fluid by applying
pressure to the mouthpiece. you transfer bacteria
to the mouthpiece. Then, sticking the mouthpiece
in your mouth will contaminate you. This type
of contamlnatlog is the hardest to realize because
there is no gross renfinder of the contamination.
Get into ‘the habit of always discarding a used
pipette directly into a solution of disinfectant and
use a.new- pipette for each step. Do not lay ‘a
pipette down and pick it up to use again.

4-47. Contamination of the hands is another
source of infection. For this refon, you should
always wash your hgnds before leaving the area.
This is a time-consuming procedure. but it is a
necessary one if you wish to eliminate a source
of danger to everyone you may contact. Smok-
ing is another source of infection. Many techni-
cians will lay their cigarette, cigar, or pipe on
the edge of a bench instead of in an ash tray.
The subsequent insertion into the mouth can be a
source of contamination. Do not smoke, eat, or
drink in the procedures area of the laboratory.

4-48. Every labordtory has. or should have, in
existence a standard procedure to follow in sthe
event it becomes necessary to report an accident.
If you become ill after comamination due to an
accident and the illness is attributed to the same
organism with which yoy were previously ex-

. posed, diagnosis. treatment, and prognosis of the

15

infection is made easier. This also makcs the
analysis of your health records for future disabil-
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ity claims easier to interpret .and evaluate. Acci-

dent reporting protects you, so don’t neglect it.-

Do not let your co-workers forget it, either. You
are in a field where occupatiohal diseases are

as numerous as the number of pathoggnic bac-

teria. Only by being careful with your techniques
can you hope to prevent mjury to yourself and
your co-workers.

5. Sterilizatlon-dnd Disinfection

5-1. Bacteriological identification requires that
pure cultures of microorganisms be studied. Since
microorganisms are everywhere, all
that you use to cultivate bacteria must be sterile.
It is important that you, as a bacteriology techni-
cian. know the methods of removing, killing. or
preventing (inhibiting) the growth of microor-
ganisms. The many different kinds of organisms
vary in the manner by which they can be de-
stroyed. Therefore, no single method of steriliza-
tion is suitable for all organisms or all situations.
Certain facts can guide you to select the best
method of sterilization.

5-2." Sterilization Fundamentals. There
four basic reasons for sterilizing materials:

e To prevent infection of man.

e To prevent contamination of materials used
to obtain pure cultures.

e To prevent interference by contaminating
microorganisms in t};ese, procesSes whichre-
quire pure cultures. ,

e To prevent spoilage due -to bacterial con-
tamination.

[

are

» 5-3. There are three generally accepted meth-
ods of sterilization:
¢ By physical agents such as heat and u Ultra-
violet radiation.
o By mechanical (filtration).
e By chemical agents. ‘ .

5-4. Common terms of sterilization. We will
- discuss definitions of common terms, the princit
ples of methods of sterilization, methods of ster-
standardization of disinfectants, and
- aseptic techniques. Let us begin with terms asso-
ciated with sterilization. It is essential for you to
know the terminology if you are to use the var-
ious agents correctly for the purpose of steriliza-
- tion. . i
5-5. Sterilization means the complete destruc-
tion or regjoval of all living forms of microor-
ganisms. BY living forms, we mean the spore or
vesting phase of the oroamsm as well as the vege-
tative form. *
5-6. A d:sinfectant is a chemical agent which
will kill microorganisms. This does not necessar-
ily mean sterilization. although some methods of

o

disinfecting can also sterilize. Generally, dis--

infectants will kill the living vegetative forms of

microorganisms®™but not the heat-resistant spores.
Synonyms for disinfectant are germicide dnd bac-
tericide, both of which are used quite extensnvely

5-7. An antiseptic is a substance which can in-
hibit the growth of microorganisms without ac-

“tually, killing them. Antiseptics are generally used

1]

materials -

—
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to inhibit organisms which came jn contact with
the body. Although.the terms ‘“bacteriostasis”
and “antibiotic” have the same definition as anti-
septic, they have a different significance.

5-8. The suffix of bacteriostasis. stas:s, means
“to stand still.”" Bacteriostatic agents do not
cause the immediate death 'of microorganisms, but
instead prevent multiplication. The micro-
organisms will eventually die without a significant
increase in their numbers. Good examples of a
bacteriostatic agent are low temperature, desicca-
tion (of some organisms), and antibiotics.

5-9. An antibiotic, literally translated, ‘means

“antigrowth substance” or “growth inhibitor.” Its
effects are similar to bacteriostasis and, in fact,
act as a bacteriostatic agent.
- 5-10. In a previous paragraph we referred to
sterilization as being the complete destruction of
bacterial life. Different bacteria are affected in
different ways, so let’s discuss these effects.

5-11. Viabhility of organisms. Viability means
“ability to live.” To ‘remain viable, organisms
must be able to propagate over an extended pe-
riod when placed in a suitable environment. “To
do this, bacteria must carry out the vital processes
of life. They need water to maintain the proper
cytoplasm consistency and osmotic stability. They
need food, oxygen or carbon dioxide, a proper
temperature, and the correct acid-base environ-
ment. If these are available, the metabolism of
the organism takes place within the cell and mul-
tiplication results. Removal of the water or al-
tering the physical conditions - that control the
chemical metabolism can cause the organism to
die. There are. however, certain-bacteria which
can survive this alteration. To destroy them, it is
necessary to aét on their internal’ metabolic proc-
esses.

5-12. The variations in susceptibility of micro-
organisms to various methods of sterilization are
very important wheg-choosing a means of steriliza-
tion and the conditions under, which sterilization
can take place. There are essentially six con-
siderations to be investigated:

e Related genus.

e Growth curve (stage of organism).

e Presence of organic matter.

e Temperature.

e Time.

e pH. -
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o APPRONIMATE TIME IN HOURS
WL laz Phase ’ . statienary Phase
“ X d. boparithmic Jdrowth Phase © D, Senescent Phase
. Figurc 5. Typical growth curve of a bacterial culture..
{ , - o 9
¥ 5-13. As vou will learn in a later chapter, a  are being produced. The number of viable or-
s genus of bacteria refers to a group of related or-  ganisms have reached a maximum.
ganisms. A simple example may help to explain d. Senescént or death phase. More bacteria
- this now. The organisms.” Staphylococcus +and  are dying than are being produced. Eventually all
Bacillus have enough morphological and biochem-  will die because of the lack of nutrients and a
ical behavior differences to belong to separate gen-  change in pH due to waste products.
\ era. The biochemical behavior between genera -
is at times sufficiently different to warrant the se- 5-15. During the fifst two phase.é and through
lection of a different means of sterilizatjon. The par’t of the third phase the organisms.are.young
main difference existing between genera which and -growing. Their enzymatic functions are fairly
v affects the choice of sterilization methods is the rapid and ‘their cell walls are vulnerable to the
organism’s ability to produce spores., Spore pro-  effects of the various sterilization techniques. As
ducers arc much harder to destroy in the spore e pacteria become old, their functions slow down
stage than in the vegetative stage. Bacillus is a and those that can. begin.to go into a resting
spore-former. Staphylococcus is not. Bacillus stage. ‘At this point, killing the organism becomes
needs to be sterilized by heat and pressure (auto-  1ore difficult. It is easier to destroy a young
claving). growth of bacteria than an old one. You will
5-14."All microorganisms go through four gy recognize which phuse the bacteria are n
phases during their life cycles or growth curves. 55 you work with cultures: Notice the four phases
They are: - . . o shown in figure 5. It will be easy for you to
a. Lag phase. This the period of time it takes  gejecy sterilization and decontammatmg proce-
the organism to become acclimatized to'its new  4,rac -
_ surroundings. Multiplication has not yet begun or 5-16. Most disinfectasits have a general affin-

o is minimal.

. . h Logarithmit phase. In this phase the bac- gy for the protein and protoplzflsm[of the bacteria. -
teria reproduce at a logarithmic rate. that is, one onsequently. the presence of extraneous quan-
becomes two. two becomes four, four becomes . lities of blood serum. mucus, gr feces may: protect

- cight, ctc. The colonies increase in sizé and zain the organisms by combining with the disinfectant
their ‘characteristics during this stage. before the disinfectant has a chance to affect the
c. Stationary phase. At this point of. growth bacterial cell. Beca\igq of this, culture growths
S there arc about as many bactefia dying §s there are easier to sterilize than body fluids.

v
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Figure 6. Chart—concentration vs affect.

5-17. No routinely used disinfectant acts im-
mediately. It takes time for a disinfectant to act
and this depends upon several factors, four of
which are:

o Concggration of organisms.

° ntration of disinfectant.

o Temperature.

e Presence of cells in the culture having vaq(-

ing susceptxbllmes )

5-18. The true concentration can refer to the
dilution of the disinfectant or to the number of

organisms in the culture. The more concentrated
18
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the disinfectant (within limits), the more effec-
tive it will be. The relation of concentration to
effectiveness_is shown in figure 6. The concen-
tration of most disinfectants is stated on the label.
You should always follow the manufacturer’s, in-
structions for using and diluting any disinfectant.
The concentration at which a disinfectant is used

'f determines how effective it will be. Any disin-

fectant has an optimum dlluuon where it will do
the best job.

5-19. The warmet the disinfectant, the more
effective it is and the quncker it will react. A

n hlgher temperature generally increases a disin-

~3b
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fectant’s cffecmeness by decreasing the viscosity. ..
increasing the acidity of the bacterial surround-

ings. and lowering the bacterial surface tension.

Heatlng too much can decrease the disinfectant’s
effectiveness by diminishing adsorption to the cell
wull. ‘We can say-that the temperature effect in
this tyvpe of reaction is similar to that created in a
chemicul reaction: the temperature increases in
arithmetic progression, while the.speed of the re-
action proceeds in a gecometrical progression, The
temperature and reaction speeds are dingrammed
in figure 7. Keep in mind, however, that high

. temperatures may destroy the disinfectant. there-

fore. heating disinfectants should be done care-
fully.

5-20. Increasing the acid or alkaline (basic)
properties (pH) of the dlsmfectant increases the
cffectiveness. Heat. as used for sterilization. in-
crecases the acidity of the solution surrounding the
cells. This change in pH affects some of the
metabolic processes of the bacterial cell. As a
result. the baeteria may die,

S-21. Physical Agent Sterilization. There are

many physical means of killing or inhibiting the

growth of microorganisms. Methods m common
use include:

o Moist heat.

e Steam under pressure.

e Dry heat.

e Incineration (open flame).

e Ultraviolet radiation. o
e Mechanical (filtration),

In the following paragraphs. we will discuss cach
of these methods separately und give you a work-
ing knowledge of the principles on which they
work.

5-22. Moist hear. Moist heat (boiling in water
and steam) will coagulate the protein within the
bacterial cell. This occurs in two stages: (1)
the water reacts with the protein (denaturation)
and (2) the altered protein separates out as par-
ticles (flocculation). Coagulation of the protein
is directly related to time and temperature. Dif-
ferent genera of microorganisms vary in their sus-
ceptibility to heat and no one temperature can
cause the death of all genera.

~

12 14 16 18 20 22 24

‘Time in Hours

Figure 7. Temperature vs disinfectant affect.
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. most any place where ‘water and a contain? to

5-23. Using boiling water for disinfecting pur-
poses is a simple procedure. You can use it al-

boil the water are available. Boiling is a good
method for difinfecting; however, it can never be
depended ugon for complete sterilization, espe-
ti Ordinarily a
rocedure in New”York Ci'ty.
which is at sea levgl, would be sufficient to ster-

~ ilize water. However, it would take a much longer

time to sterilize water at Tahoe, Nevada, where «
the altitude is 6,225 feet. \

5-24. If boiling is used for sterilization, as
might be the case with outpatients for sterilizing °
their own containers, sufficient time must-be al*
lowed to compensate for the difference in altitude
and the change in the boiling point. Remember
also that spores may ‘remain alive after hours of *
boiling. ‘Use boiling as a means of sterilization”
under carefully controlled conditions.

5-25. The inspissator is another means of

" moist-heat sterilization. Certain materials are.al- .

sered or completely destroyed at a temperature of
100° C. -Foxexample, blood sérum is not suitable
for use in instances where j has been subjected
to temperatures above 90° C\_An inspissator will
allow the temperature to rise slowly between 80°
C. and 90° C. Most laboratories do not have fa-
cilities or requirements to warrant the use of an
inspissator. It is also time consuming. “¥t is best ¢
to purchase any medium which requires inspissa-
tion directly from a commercial concern. When
received it is usually ready for use.

5-26. Steam. The use of moist heat in the form
of steam, for the purpose of sterilization can be
divided into two groups.

o Free-flowing steam.

. & Autoclaving (compressed steam).

5-27. To get free-flowing steam, you use a cov-
ered container to hold steam without building up
pressure. You should remember that free steam,
as with boiling water, does not reach a tempera-
ture above 100° C. or Z\i’ﬁ F. In higher elevg-
tions the temperature wduld be even less.

5-28. A British scientist, Tyndall, noticed that
after boiling and standing for a period of 24 hours
‘at room temperature, the dormant agd heat-re-
sistant spores-in a solution would germinate and
grow. Reboiling would then kill these forms,
. 5-29. The Arnold Sterilizer uses this principle.
Expose the material to be sterilized to flowing
steam for 15 to 30 minutes on 3 consecitive days
in the sterilizer. Each day after steaming, the ma-
terial is allowed to cool and incubate; this allows
the spores to germinate into the vegetative form.
After the third steaming, the material should not
contain viable spores and is~considered sterile.

\ 20

5-30. Fractional sterilization (Tyndallization),
using an Arnold Sterilizer, is a practical means
for sterilizing materials which can be injured by
excessive heat. 'You may sterilize certain media,
such as gelatin, sugars, and potatoes used for bac-
teriological procedures by this proccdure
{531, The autoctve will kill microorganisms;
including heat-resistant spores, with moist heat-at
temperatures aboye that of boiling water, Water

boils when the v pressure isequal to the pres-
sure of the surrounding atmoMe. if
the pressure is increased in a sealed vesSek, the

boiling point will rise above 100° C. In a closed
system, the exact temperature at which water
will boil depends upon the. pressure employ#d.
Since it is not the pressure, but the temperature
and moisture which are the effective lethal agents,
the autoclave is equipped with a thermometer as
well as a. pressure gauge. The exposure time
should, be based on the temperature reading
rather than the pressure reading, because air
trapped ‘in the chamber may cause the pressure
to build up before the desired temperature is
reached. The maximum temperature correspond-
ing to any given pressure can only be obtained
when the interior<of the véssel is saturated with
steam. In table 2, the temperature attained a
different pressures of saturated steam is given.
Only culture media, solutions, or materials which
are not destroyed or altéred by excessive heat
should be subjected to autoclave sterilization.
5-32. To achieve the desired results through

" autoclave sterilization, ‘you must observe the fol-

lowing principles:

a. The autoclave must be in proper operating
condition and should be periodically evaluated.
The following cleanmg rocedure should be used
to insure proper functioning.!

Step 1 (daily profedure): Wash inside of ster-
ilizer, *using Calgonite solution. Never use strong
abrasives, steel wool, etc. A long-handle cellulose
sponge mop is helpful in cleaning the longer
chambers. {Chambers should be cool before
cleaning). _

Step 2: 'Remove plug screen from bottom of
chamber and free its openings‘ from lint, sediment,
etc..

Step 3 (weekly procedure): Wash sterilizer
l#ading car, using Calgonite. Remove plug screen
“and flush chamber drainline with hot solution of
trisodium, phosphate—1 ounce (2 tablespdon-
fuls) to llquart of hot water. Follow with a-flush
rinse of 1 quart of tap water. i

b., The autoclave should never be ovcrloaded s

c Tubes should be packed loosely in baskets,
or racks and never placed in centainers capable
of trapping air. -

1 American Sterilizer Company, Erie, Pa.
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d. Large quantities of media in single containers
should be preheated to aveid undue time lag. If
pessible. distribute media to several smaller- con-
tainers to affect complete heating- and steriliza-
tion. ‘ '

the sterilization cycle. ‘

*f. Media should never be overautoclaved or re-
autoclaved. .
. g. Flasks and tubes should never be filled to

-more than 4wo-thirds capacity (one-half capacity
is better). . ‘

“h. All media should be removed from the au-
toclave”as soon as possible after sterilizing;

i. An autoclave temperature of 121° C. at 15
pounds- pressure for |5 minutes or longer is re-

quirgd for the. sterilization of most of the mate-

‘routinely used in the bacteriology laboratory.
re 8. illustrates the parts of the autoclave and
e flow of steam thréugh the autoclave,

5-33. Dry heat. This method is used when di-
rect 'contact of saturated steam to all surfaces
of u material is impractical. ‘We use an elec-
trically heated. thermostatically controlled oven to
sterilize glassware and metal utensils.

5-34. When loading the dry-heat sterilizer. op-
serve the following rules: ‘ L

@ Do not load the chamber to capacity. -

@ Do not pack, containers close together. Al-
low space between them so that the hot air can

circuiate.

@ Do not stack articlesragainst side walls. The ’

hot ajr must circulate freely.

~e. All air must be exhausted from the auto-
- clave and the temperature reached before timing. :

21+

5-35. The_req‘uiréments fbr dry-heat steritizing
depend on the characteristics of the various items

® 172° C. for 1 hour. ',‘ -
® 160° C. for 2 hours. - o
® 121° C.for 6 hours or lovngg.r. \

The above times ané'temperatures include a rea-

sonable time allowapce for temperature change
during the, exposure time. All
sterilized by ‘the dry-heat method must be thor-
oughly cleansed. before exposure. Otherwise, heat
will fix the grease. dirt. and other material to the
equipment. . ’

5-36. Incineration. JIncinerating is a method to.

#

-being sterilized. As a general rule, however. the
following schedule is offered* '

items. to be -

assure complete. destuction of contaminated ma- -

terials. You should use common sense when de-
ciding what may be burned, and take caution to
assure complete burning of the disgarded material.
Always observe local practices in%the use of the
incinerator, . . _

5-37. Ultraviolet radiation {open flame). 'This
method of sterilization has come about after pro-

longed investigation. There is no doubt that light’

and electomagnetic raysof short wavelength ex-
ert an effect when absorbed by the bacteria. - Its
use is limited, however, in that it must be applied
.dircctly to the surfacc being sterilized. It cannot
penetrate glass. and exposure must be prolonged.
Eyes must be protected from the rays. It can be
used to sterilize rooms-ih a hospital, such as_ thé
operating room, It is quite effective in_killing mi-
croorganisms on the floor. walls, instryment ta-
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Figure 9. Pyrex fritted glass filter.

N

bles, and in the air. The treatment of certain
biological materials, such as vaccines and plasma,
to kill any contaminating viruses is becoming com-
mon practice. In every case. it is the radiation
and energy absorbed by the bacterium which
bring about its destruction, and not the energy
applied.

5-38. Mechanical (filtration). Filtration is a
mechanical means of sterilization. It removes
rather than destroys microorganisms from the ma-
terial to be sterilized. Certain types of media
are destroyed or altered by heat. Materials such
as carbohydrates. serum. ascitic fluid. urea. po-
tassium. and tellurite are thermolabile. These
substances in solution are passed through a filter
“of fine porosity t remove all bacteria. Examples
of different types of filters are listed below.

a. Berkfield filters are manufactured from in-
fusorial earth. They can be obtained in three
_porosities. namely. the V' (coarse). N (normal),

- space and resources.

type] should be used for sterilization. )
b." Chamberland filters are made of unglazed

™ and fW (fific). Only the N and W filters of this

‘porcelain in graded porosities designated L-1,

L-2, L-3, etc. The filter gradations ranging from
L-5 to L-7 are bacteria proof. '

c¢. Pyrex brand filters consist of pulverized
glass (fritted ware) available in UF or ultrafins
porosity for bacterial sterilization. This type is
shown in figure 9. -

d. Seitz filters consist of compressed asbestos
pads of the K (germicidal) porosities, as shown
in . figure 10. All the above filters, except the
Seitz, are permanently mounted in a funnel. The
Seitz has filter pads which are clamped in the
base of a metal funnel.

5-3 Clean the Berkfield. filter by siccessive ..
boiling in 2 percent sodium carbonate and dis-

tilled water, then rinsing with water. Pyrex fil-

ters are cleaned by immediately flushing with -

water under pressure, placing in hot, hydrchloric
acid, and thoroughly rinsing with distilled water.
Clean Chamberland or porcelain filters in stand-
ard chromic acid washes, flush thoroughly with

water under pressure, and ripse with distilled

water. The Seitz filter pads are disposable. You
must wash the metal funnel parts in a detergent
and rinse thoroughly.

5-40. The sterilizing effect of filters is achiéved
mostly by adsorption of the microorganisms to -
the surface of the filter and filter funnels rather
than by sieve action. All equipment used for
filtration must be sterilized prior to use. The
filter will absorb those microorganisms from the
fluid coming through the filter but, naturally,
cannot remove those organisms below the filter.
Figure 11 is an example of the setup used for
filtration. - ,

5-41. Another means of filter sterilizing is a
filter attachment on a syringe. This allows the
filter sterilization of small. amounts of fluids. One
example of this equipment is that produced by
the Millipore Filter Corporation. Individual sy-
ringes with the filter attachment  are autoclaved
and stored in a sterile condition until needed.
You fill the syringe by removing the plunger and
pouring the fluid into the barrel. “Insert the
plunger and apply steady pressure. This will
force the fluid through the filter into a sterilized
tube or tubes. This method offers the advantage
of using less medium and will save on storage -

5-42. Chemical Sterilization. There are three
sites in the bacterial cell that are susceptiblg tc

the action of chemical agents. These are surface
layer, nuclear material, and enzyme systems.
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Figure 10.

Chemical agénts perform their disinfecting and
sterilizing action on these sites by coagulation of
proteins as surfactants, by specific chemical com-
binations, and by nonspecific chemical combina-
tions. Action by chemical agents may be by
one of more of the above methods. A Yrief dis-
cussion of each of these methods follows.

5-43. Coagulation of proteins by surfacts. The
coagulation of proteins is similar to that of cook-
ing an egg. The protein (albumin or white) of
the egg coagulates and turns white. Any agent
which can induce coagulation is lethal to a living
cell. ~ _

5-44. Surfactants are chemical agents which
coat the surface of the organism and/or the sur-
face of certain enzyme systems to prevent the
niicroorganism from absorbing or utilizing nutri-
ional substances,, This will cause the organism
to die. Certain chemical agents injure or destroy
the cell wall, causing immediate lysis of the cell
or changes in the cell membrane permeability.
Polymyxin, an antibiotic, works in this manner.

5-45. Specific chemical combinations. In low
concentrations, these enter the cell of the micro-
organism and stop or interfere with enzyme
groups. This will lead to bacteriostasis or death

Seitz filter. .
‘depending upon the type of cell and chemical
agent. The sulfonamide drugs and many anti-
biotics are effective in this manner.
_5-46. Nonspecific chemical combinations. These
chemicals will combine indiscriminately with the
protein and other compounds within a bacterial
cell. These substances are nonspecific in their
action and will combine readily with feces, blood,
~body tissue, and mucus as well as the protein of

* the microorganisms. Chlorine, iodine, formalde-

hyde, and phenol are examples.

5-47. Chemical Agents. Now that you have a
brief understariding of the way in which chemi-
cal agents affect microorganisms, we will discuss
these chemical agents: ‘

e Halogens (oxydizing agents).

Salts.

Heavy metals.
Syntlietic detergents.
Organic solvents.
Dyes.

Gaseous agents.
Phenols.

5-48. Halogens. Halogens used as disinfect-
ing agents are chlorine, iodine, and bromine.

24
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. jeffectwe dismfectants.

5-49. Chlorine - in:. tﬁe 'form of calcxum or ‘vii- ;

sodmm hypochlorit.. has a high bactericidat prop-
- centy. It'is commonly purchaSed as a 5 percent. .

most of the dxsadvantages of hlonn' g §olu ‘ns‘

, . 'iof jodine combmed With 2 surfact
- bleach. aolutmn in: most.grocery stores. Although,’, ' b

.7 chioring js q e*effethc as a disinfectant, it-has - e
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inite but limited use as disinfectants. Their action
is more bacteriostatic than bactericidal. In high
concentrations they act on the bacterial cell to
coagulate the protein, but in low concentrations
they interfere with certain enzyme systems. '

5-54. The more common heavy metal com-
pounds in use include mercury bichloride,
copper sulfate, and silver nitrate. Merthiolate
(Thimerosol), .Mercurochrome, Argyrol, and
Protargol are familiar names for commercially
prepared solutions of the compoupds of mercury-
and silver. Solutions of copper sulfate are used
mostly as fungicides.

5-55. Synthetic detergents. These are often

used for sterilization. The word “detergent” is
derived from Latin and means “to cleanse.”

" Detergents including household detergents are

strong, surface active agents. They are essentially
nonirritating to raw surfaces, and in dilutions
varying from 1/100 to about 1/15000, destroy
vegetative forms of bacteria. Some of the syn-
thetic detergents will precipitate various proteins,
agglutipate bacteria, and arc toxic to white blood
cells - (leukocytes). For vegetative. forms of
microorganisms on the skin, detergent action is
more bacteriostatic than bactericidal. Their ac-
tion is decreased by the~presence of organic mat-
ter and saline, but not by distilled water. Gen-
erally, the Gram-positive bacteria are affected
more readily than the Gram-negative organisms.
Detergents are essentially of three types—
anionic, cationic, and nonionic.

5-56. Anionic detergents consists of soaps and
fatty acids which yield a negatively charged ion
when mixed with a suitable solvent. This type of
detergent is more active at an acid pH and is
more effective against Gram-positive organisms.
fts lack of effectiveness against Gram-negative
organisms is thought to be-due to lack of phos-
pholipid material at their surface. When the de-
tergent reacts with this phospholipid in Gram-
positive organisms, sults and formed and dcath
results.

. 5-57. The cationic group of detergents has a
water-soluble group of particles which will disso-
ciate to form positively charged igns. These ions
will be absorbed on the surface of the negatively
charged bacteria, causing a loss of semipermea-
bility with a resultant leakage of phosphorous,
nitrogen, and other substances important to bac-
terial metabolism. Cationic detergents are moge
active at an alkaline pH. Zephiran and hexa-
chlorophene are examples of cationic detergents.

5-58. Nonionic detergents do not ionize or
dissociate in water and are therefore pH inde-
pendent. They are relatively nontoxic and are
often used as additions to comm?cial detergents.

- 26

Tween 80, which may cven facilitate bactcrial
growth, is an example of a nonionic detergent.
/ 5-59. You cunndt usc synthetic detergents at
random:. Your choice must be madc. intelligently
so that maximum benefit can be achieved. Do

‘not mix anionic and cationic dctergents as the

negative and positive. charges will combine and
eutralize cach other and cancel out the antisep-
tic or disinfectant effect desired. C.

.. 2-60. Organic solvents. - Alcohol, the most
used of the group known as organic solvents.
is a good cxample of this type of disinfectant.
¥ou already know that ethyl alcohol (ethanol)
has an optimum disinfectant quality at a strength
of from 50 to 70,percent. A point to remember
is that this percentage refers to the final dilution
of alcohol. To illustrate—to disinfect dry bac-

" teria, a solution of 50 to 70 percent ethanol is

best and can be used directly; but if you wish
to disinfect a tube of broth containing viable
organisms, it is best to add absolute cthanol to
the broth so that a final dilution of the alcohol
in the broth represents 50 to 70 percent. The
addition of dilute alcohol to the broth tends to
dilute the alcohol further and. as a result, it is
less effective. To disinfect the hands, 70 to 80
percent alcohol is best if the hands are dry, and
80 to 96 percent alcohol if the hands arc wet.

5-61. Ethyl alcohol in the proper strength
works well to destroy the vegetative stage of bac-
teria. It takes longer to kill dry bacteria than
wet bacteria. To destroy spore forms, the addi-
tion of sulfuric acid to 70 percent alcohol (1.0
percent final volume of sulfuric acid) works ef-
fectively. You can use also sodium hydroxide
instead of sulfuric acid. ’

5-62. Isopropyl alcohol (80 percent) is useful
as a skin disinfectant. It is a better fat solvent
and more bactericidal than ethyl alcohol. Both
have the disadvantage in that they are ren-
dered rather inactive by the presence of mucus or
pus. In this respect, to be effective in disinfecting
thermometers, you must wipe them clean before
placing them in the alcohol solution, or in any
disinfectant solution where its action is based on
the coagulation of protein,

5-63. Dyes. There is very little known about
the relation between the biological activity of
microorganisms and the chemical structure of
dyes used as disinfectants. It has been observed,
however, that certain gencra of bacteria are
more sensitive to some dyes than are other
genera. Although dyes are not generally used
as sterilizing or disinfecting agents, they are put
to good advantage for the isolation and identifi-
cation of bacteria by incorporating certain dyes
into various culture media. Crystal violet, which
will stain both staphylococci and streptococci in
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the Gram stain, can be diluted so as to be effec-
tive in separating streptococci from staphylococci
by preventing the growth of the staphylococci.
We will discuss individual dyes with the. medium
concerned in the chapter on media.

5-64. Gaseous agents. These agents include
formaldehyde. sulfur dioxide, chlorine, cthylene

oxide, and beta-propiolactone. Each has certain .

limitations and most clinical laboratories have
little use for gaseous agents as a means of sterili-
zation. "

5-65. Formaldehvde is used very little. Tt

" has a very low penetrating ability und is affected

by the presence of protein matter. Tt is most cf-
fective in destroying vegetative forms of bacteria
in 3 concentration of 1 to 2 mg. per liter of air
at 80 pereent relative humidity. Its chief advan-
tage is in the disinfecting of smooth surfaces. To
penctrate and disinfect blankets and the like, the
formaldehyde should be mixed with steam. You
should not use formaldechyde on good furniture,
as the formaldehyde will convert to paraldehyde
and form a white film which is hard to remove.
Formaldehyde cannot be relied on to destroy
spores or acid-fast bacilli.

5-66. Sulfur dioxide and chlorine are not often
used because they are too. poisonous. However,
destructive heat and aquecous solutions do not
have to be used with sulfur dioxide and chlorine.
As gases, they can be applied in large volumes
to rooms., Sulfur dioxide and chlorine will con-
vert to the acids sulfurous and hypochlorous,

_respectively; both are corrosive. A good cleaning

is necessury after their usc. .

5-67. You will come in contact with material
sterilized by the gaseous agent ethylene oxide
Practically all disposable, plastic materials are
sterilized by this gas. Ethvlene oxide is very
effective and kills bacterial spores. The gas is
highly explosive at certain concentrations and its
use is generally limited"to a closed system simi-
lar to an autoclave. Tt huas an advantage over
formaldehyde in that ethylene oxide is highly dif-
fusible and can be used to sterilize fabrics.
catheters. cystoscopes, and other equipment.

5-68. Beta-propiolactone is a good sterilizing
agent in that it kills both the vegetative and
spore forms of microorganisms. It acts by com-
bining with the sugars, cellular proteins, and fats
of bacteria. It can be used to sterilize tissues for
grafting and for sterilizing vaccines which could
not be sterilized in any other way. It does not
leave a residue as does formaldehyde. Tt is sc%/,)
cral thousand times more active than cthylefie

‘oxide.

5-69. Phenol und cresol products. Phenol
{carbolic acid) and creosol products are obtained
by the destructive distillation of coal tar. ‘Phenol

D0

and its many derivatives are surfactants. They
probably act by forming an insoluble albumin *
compound when in contact with protein, or by
coagulating the protein of the cytoplasm by pene-
trating into the organism as a colloid. They have

a sterilizing effect in that they can kill both the
vegetative and spore forms of bacteria. Creosois
mixed- with green soap are sold under the trad:
names Lysol and Creolin and are four and ten .
times more effective than phenol, respectively.’
The addition of sodium chloride to the commoniy
used 5 percent solution of phenol increases its
cffectiveness. The addition of cthyl alcohol re-
duces its cffectiveness considerably. Certain of
the coal tar derivatives known as bis-phenols are
incorporated in solution with other surfactants
or detergents to produce the surgical soap and
hand wash Gamophen and Phisohex.

5-70. Characteristics of a Good Disinfectant.
To be effective a disinfectant must possess the
following qualities:

a. Solubility.

b. Stability.

Noncorrosiveness.
Nonbleaching.
Effective power of penetration. o
Ease of application.
Cheap in cost.
Nontoxic to animals.
High coefficient of disinfection.
" Deodorization.

e oTRs AN

All of the above qualities, with the possible ei-
ception of high cocfficient of disinfection, are
easy to understand in that you use them everyday.
We discuss this quality in the following para-
graphs. -

5-71. To test the relative efficiency of disin-
fectants, some disinfectant had to be selected as a
standard and all others tested in relation to this
standard. The disinfectant chosen was phenol
(carbolic acid). :

5-72. Principles which govern the estimation
of the disinfecting power must be strictly ad-

hered to.
* a. The media used in all cases of standardiza-
tion must be alike in composition and pH. ;
b. The organism used must always be grown.
and treated under the same conditions. L

¢. Température should remain constant.

Although the standard methods employ constant
factors as listed above, you must remember that
even though a high proportion of organisms are
killed before sterilization is complete, a few or-
ganisms may resist the disinfectant action for a
long period of time.

- ,




5-73. Phenol coefficient method. A method
which has been used for a long time and which
appears to be suitable for most purposes is called
the phenol coefficient method. This method tests
the effectiveneness of an unknown disinfectant
only .if conditions are carefully controlled.

5-74. There arg_in general use several meth-
ods of determining the phenol coefficient of a dis-
infectant. Three of these are;

a. The U.S. Hygienic Laboratory mecthod.

b. The Rideal-Walker method,

¢. The Food and Drug Administration method.

The Food and Drug Administration method is
generally the method used in-testing many of the
disinfectants on the market. The method com-
pares the ability of phenol dgainst an unknown
disinfectant, when diluted to kill the Hopkins
strain of Salmonella typhosa. The figure rep-
resenting the dilution of phenol that kills the
organism in 10 minutes is divided into the dilu-
tion figure of the unknown disinfectant which
killed the organism in 10 minutes. For an illustra-
tion: Phenol at a dilution of 1:100 killed the

organism in 10 minutes. The unknown disinfec-.

. tant killed the organism in the same time, but at a
dilution of 1:250. Dividing 100 into 250 gives a
phenol coefficient of 2.5.

5-75. The significance ‘of the phenol coeffn-
cient has limitations. For example, a disinfectant
may be found to have a- phenol coefficient of
40 when tested in distilled water. The compound
may be quite ineffective when applied in the
presence of organic matter, pus, saliva, feces, or
milk. Then again, when tested against somc
~other organism such' as Staphylococcus aureus

it may have a much lower coefficient. Disin-
fectants are often diluted to offer a concentration
roughly 20 times the phenol coefficient. This
“use dilution,” though considered unreliable, is
the dilution in which disinfectants are used.

5-76. Sterilization guidelines. To aid you in

"~ your use of disinfectants and sterilization tech-

niques, you can follow these guidelines:

a. The vegetative form of the microorganisms
is easier to kill than the spore form.

b. Spores and acid-fast bacilli are best killed
by heat. (Liquid disinfectants are fairly ineffec-
tive because of the lipid material surrounding the
acid-fast bacilli.)

c. Bacteria suspended in "a nonprotein-type
medium aré easier to destroy than those sus-
pended in a protein-type medium. It is more dif-
ficult to destroy bacteria in protein-type media
if the media are also nutrient in nature.

d. The addition of an acid or a base to pro-
tein media increases the effectiveness of the dis-
infectant. A given concentration of H* ions is

28

more effective than the same concentration o1
OH~" ions.

e. The sterilization process can be increased
by raising the temperature of the disinfectant,

f. Dissolving certain germicidal chemicals in
alcchol may either decrcase or increasc the cf-
fectiveness of the solution.

g. The presence of organic matter usually
lowers the effectiveness of liquid disinfectants.

h. An emulsificd_disinfectant and/or a liquid
disinfectant containing a weiting agent is best for
sterilizing smaoth surfaces.

i. Powder disinfectants must. be placed.
solution to be. effective, otherwisc. they act only_
as deodorants.

5-77. Asepsis Testing. -Asepsis is briefly de-
fined as the absence of septic matter, or freedom
from infection. As a bacteriology technician, you
will be testing the cffectiveness of hospital asep-

tic techniques and practice aseptic techniques in

much of your routine Waily work. This section
will deal primarily with the laboratory's responsi-
bility (conscquently yours) toward preveating
the spread of hospital-borne discases.

5-78. There are many behind-the-scene activi-
ties in a hospital. One of these is the prevention
of the spread of discase within the hospital. There
are many different facets to this particular ac-
tivity, and you will be required to lend support
to this extremely important program. The Hos-
pital Infection Committee with the approval of
the commander, makes recommendations for the
prevention and control of infections. The follow-
ing paragraphs will inform you about. aseptic
technjques and in-house infections.

5-79. Sterility testing. This refers to those pro-
cedures which test the effectiveness of the various
methods of sterilization, more specifically, the
autoclave and room disinfection.

5-80. You can use the autoclave to sterilize
medical equipment. To assure sterility of this
equipment, it must be tested at regular intervals.
You can do this testing in three ways.

(1) Testing th@equnpmcnt itself by culturing.

(2) Using heat sensitive dye indicator strips.

(3) Using spore strips.

5-81. First, you must test the equipment. In
this method, you open the packs containing the
equipment. Swab the various articles using a
sterile, cotton-tipped applicator and then place
the swab into a suitable culture medium and in-
cubate it. Check the broth for growth. A dis-
advantage of this method is that one can only
assume that if no growth occurs from a particular
article that specific article was sterilized by the
autoclave. However, it is possible that the article
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was sterilized when being cleansed. The other
articles, in the pack may not be sterile. This

meihod is a fairly reliable substitute when heat-

sensitive dyes or spore strips are not available.
If the piece of equipment is small, you can place
the entire article in a suitable culturc medium
to check for sterility.

o

CONTROL

Figure 13.

b

5-82. If you are dperating the autoclave, tne
use of a dye-indicator strip is a quick means to_
test the equipment for proper operation. The in-

" dicator is a thermolabile dye on paper strips,

' wrappers, tape, or it may be applied to thread
_or gauze. The dye turns a specific color if the
' contents have been sterilized at the correct tem- .

YEST =

Kilitampules. ¢

30




Q

ERIC

Aruitoxt provided by Eic:

- availablg on the market.

perature for a suffiCient length of time.
need only t
sure sterility.

5-83. You can make a morc direct,
more time consuming, check on ‘atenllzanon by
the use of spore strips. A spore-impregnated strip
of filter paper enclosed in a sterile envelope is
placed inside the wrapper of the material to be
sterilized. For autoclave testing, the spores of

You

" Bacillus stearothermophilus arc most often used;

and for dry heat and ethylene oxide the sporcs
of Bacillus subtilis (globigii) are preferred. Table
3 shows the various time and heat combinations.

5-84. After sterilization, remove the sterile en-
velope and its spore strip and send ‘them to the
laboratory. Remove the strip' from its envelope
(using sterile forceps), place it in a suitable cul-
turing medium, and incubate. If growth occurs
within 7 Jays, sterilization has not been com-
plete. The absence of growth indicates that

- sterilization has been completé. To assufe your-

self that sterility is the reason for the spores not
germinating and growing, you must also use a
control strip. This control strip is not autoclaved,
and should grow organisms when cultured. You
can sce biospore controls in figure 12.

5-85. Sealed ampules containing culture media
and spores of Bacillus stearothermophilus are also
After sterilization, the
ampules are incubated at 55° C. As B. stearo-
thermophilus is a_ strict thermophile, lack of
sterility will be indicated by growth of the or-
ganism in the control empule as shown in figure
13. As B. stearothermophilus is one of the most
heat-resistant organisms known, its use offers a
good indication of sterility. .

5-86. Testing of hospital rooms and furniture.

obscrve these color changes to as-

A large problem in hospitals is that of insuring .

complete disinfection or sterllny of a room. or of
hospital equipment used By a panent with a
communicable discasc. When the patient leaves
the hospital, his room is cleaned and disinfected
with one of the many agents suitable for this
purpose. After cleansing, laboratory personnel
test the room and its contents for sterility. This
is usually done with sterile, cotton-tipped appli-
cators by swabbing representative areas. The
swabs are placed in suitable culture media and
incubated. A(ng; organism which grows must be
identificd. If it proves to be a saprophyte. this
assurcs the individuals concerned that the room
is indeed rcady for the next patient. If a patho-
gen is isolated, further disinfectant procedures
are. started. ' .

5-87. To offer a means of comrol and correla-
tion of subscquent information. some standardi-
zation is necessary. If you are checking the floor,

" most frequent.

cach time. To do this, you may make templates

or purchase them. You can do air sampling by

" using an air-sampling centrifuge or by leaving
though

petri dishes containing media exposed to the air
for a given period of time. Whichever method
you use for sampling, it must be a method which
offers a means of standardlzatlon and should be
used each time,

5-88. If you isolate organisms similar to those
with which the patient was infected, you must
go over the room and its contents again and r2-
check sterility. Your responsibility in this arza

‘cannot be overemphasized. Whilé collecting tne

swabs, use initiative and assure yourself that you
have obtained a representatwe cross-sampling of
the various accessible areas in the room. Sample

the mattress, springs, bed rollers, bedside tables,

water carafes, window sills_ and ledges, floor
(center and corners), door_ ledges,
vents, etc. Only in this way can you check the
effectiveness of the gfsinfecting efforts.

5-89. Of all the problems which confront any
hospital, resistant hospital staphylococci is tne
Hospital staphylococci become
resistant to many of the efforts used to destroy
them. Many hospital personnel carry the orga-
nism and transmit it from one part of the hospital
to another. The organism can readily invade ‘the
meager defenses of the newborn and patients
who have their natural defenses lowered because
of some other illness.

5-90. Testing for = staphylococci infection.
Staphylococci can bé carried from the hospital to
the patient’s family and friends who, in turn, can
become infected: Besides the routine precautions
observed in isolating patients with known staphy-
lococcus jnfections and the complete sterilization
of the rooms and.equipment with which they
come in contact. hospitals are vitally concerned
with controlling the transmission of this organism
by identifying and treating carriers on its own

staff. One of you duties as a laboratory te;‘nk/q

nician will be to culture staff members and
termine who mnght be carrying the staphylococcal
organism.

5-91. To culture this~organism, you generaily
use three sites. They are the nose, throat, and
lesions. We have already discussed the isolatinn
of organisms from these sources; however, it is
pertinent to add here that in order to isolate the
staphylococcus organism from the nose. it is not
necessary to insert the cotton-tipped swab to the
posterior part of the nose. A more realistic ap-
proach is to obtain the specimen from the area
of the nostril which is exposed to the air. That
is. culture the first one-fourth or one-half of the

for example, you should sample a given arca , nose. This area has the hairs which filter the air
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going in and out; therefore, chances of isolating

organisms are greater if you culture this area.
5-92. Testing food and water. Although pri-

“marily a duty of the preventive medicine person-

nel, an occasion may arise where you may have

- to examine water, dairy products, and foods for

contamination. As these products. are consumed
by everyone, they must be free of infectious
agents. If you should need to examine thesc
poducts. the pocedures are outlined, in AFM
160-52, Laboratory Procedures in Clinical Bac-
ieriology. =

5-93. Practicing Aseptic Techniques. Besides
evaluating the aseptic techniques of others, you
should be aware of the techniques that yqu per-
form routinely. While peforming venipunctures,

Jdo you use the correct strength alcohol -to disin-

fect the site of puncture? Are your needles ster-
ile? In bacteriology, do you wipe your benches
with a good disinfectant when you finish for the
day? Do you wash your hands before leaving
the laboratory? Do you exercise the proper care
when handling specimens and culture material?
Do you perform sterility checks with diligence?
These are your individual :responsibilities.
5-94. As a laboratory technician, you will
come in contact with many patients. .Some will

have contagious disease and may be in isolation.
That is, they are in an area by themselves and so
situated that microorganisms stand very little

- chance of getting out of the area if proper pre-

cautions are taken. In another situation, it may
be desired to keep microorganisms from entering
a_patient’s room.. In both instances, disinfection

terial will be available to prevent the transfer
of organisms from one environment to another.

5-95. In those instances where isolation ‘tech- .

niques must be practiced, they must be practiced
by everyone to be effective. Although time-con-
suming. it is necessay to wash your hands in a

-disinfectant solution, and wear a mask, a cap, a

gown, and boots when required. It is also im-
portant that you properly dispose of these itemns.
If you must go into a room where there is a
contagious disease, take only those materials

‘which you can leave behind. Anything that you

remove, such as a tube of blood, must have its
external surface decontaminated. Do not take
your tray inside. You can very ‘easily contami-
nate it, and py carrying it through the hospital,
contaminate every place you set the tray down.
You cannot see phicroorganisms, so exercise care

o
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7O THIS POINT. you have studied the basic
art and science of bacteriology. You should
have definite awareness of how to handle and

process specimens. Certainly, you should know

how to do your work safely. sterilize media and
equipment. and use precise aseptic techniques.
Without the constant application of this knowl-
edge. your work 'in the study of microbes is
useless. because diagnostic tests in bacteriology
usually depend upon isolating the agent of an
infectious disease from other organisms present
in most clinical specimens and in the laboratory
environment.

2. One of the new areas in your studTg is the
~classification of bacteria. All life is divided into
two kingdoms. animal und plant. From this
point. we will discuss thc further brcakout in
the naming and grouping system until we have
finally classified « typical organism.

3. We realize fromg experience that every liv-
ing thing- has a form and carriep» out specific
functions to maintain its life processes. Bacteria
are 'no different in this respect. You will be able
to identify bacteria by knowing their structures.
size. shape relationships. and variations from
normal appearance and behavior.

4. You need to know what each bacterium
looks like. but more importantly you-must know
how the bacterium likes to live and what it uses
for food. You can study its natural environment
{(in-vivo) and try to duplicate an artificial one
(in-vitro) for the bacterium to grow on in the
laboratory. This knowledge is very necessary to
properly isolate and identify any bacterium.

5. The facts you gather about bacteria can be
put together like a puzzle to give their identity.
Your “detective attitude™ wiil help you to arrive
at an answer. An organism which is fastidious.
that is. very exacting in its needs. will concern
you more in getting the correct environment for
growth. You will have to know a great deal
about this basic science to adjust growth condi-
tions to the specific requirements of the “bug.”
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CHAPTER 3

Bacterial Morpholegy and Physiology

-

-

6. With these areas and problems in mind, in

this chapter we will discuss the classification of

bacteria, cellular morphology, culturing of bac-

teria, and the various media that we can use to
cultivate bacteria.

6. Classification of Bacteria -

6-1. A bacterium should have a name which
describes it and conveys a definite idea -about
the organism. Yoh\\vigrwork with many different
bacteria and use their names in written and oral
communication. The names are fairly standard

(there are a few exceptions) throughout the

scientific field and will convey certain informa-
tion to your coworkers. In order for you to
develop a basic knowledge about the classifica-
tion and nomenclature of bacteria, we will dis-
cuss: : ‘

e ¥Taxonomy.

e International method of classification.

e Techniques of classification-——morphology

and physiology.
'@ Means of distinguishing species.

6-2. Taxonomy. An arrangement of organisms
is called o “taxis.” so the term “taxonomy” refers
to the arrangement and classification of bacteria.
Classification systems are somewhat arbitrary
and do not directly reflect evolutionary relation-
ships between different groups of bacteria. This
fact has made ‘complete understahding and
agreement in the naming of bacteria difficult.
After all, bacteria lack many attributes enjoyed
by other plants and animals. For example, there
are no fossils of bacteria to show a distinct line of
evolution. Methods of establishing relationships
between species on a genetic basis have been
found only recently.

6-3. We now know that certain groups of bac-
teria, as in“the higher plants and animals, have a
precise sexual mechanism which involves an, ex-
¢hange of cellular material. Moreover, there are
a number of other means by which genetic' traits
from one bacterial strain can be intreduced into

-
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. Phylum- Prataphyta

v

! Class - Schizamycetes

Order - Eubacteriales

v l Family - Lactabacillaceae
¥ ‘ Tribe - Streptacacceas

Genus - Streptacaccus
l Species - Lactis
Variety - Maltigenes

'Figure 14. Classificati_on ladder.

closely related organisms. Thus, as progress is
made in' exploring hereditary -mechanisms and

: . RN
'6-6. Major . differences in organisms allow
each phylum to be broken down into smaller
groups called classes. Thest in turn are sub-

_divided into orders, orders into families, families
. into tribes, tribes into genera, genera into species,

relationships, new concepts are being proposed

which go far beyond the older ideas of grouping
bacteria together.on the basis, of morphological
or cultural similarities. Nevertheless, classifica-
tion schemes which we will be using for the next
several years, still rely largely on the earlier,
conventional. practices in taxonomy. So thesc are
the schemes on whiclf we will focus our attention
for ‘the present.

6-4. International Methods of Classification.
There aretseveral methods used to classify bac-
seria. The most common method is based on the
Code of Nomenclature of the Bacteria and Vi-
ruses established by the International Committee
_on Bacteriological Nomenclature. This Code uses

all known properties to classify an organism.
These properties include, among others, shape
(form), grouping (cell arrangement). motility.
Gram-stain reaction, and growth requirements.
Our discussion of some of these properties a little
WNer on will show that they fall roughly into
three categories: morphology; the. physiology of
life processes; and a miscellaneous group of
characteritics which often serve to differentiate

and species into varietiés or swrains. There may
also be suborders. Suborders have characteristics
distinct cnough to diffcrentiate them from the
order. but not different. enough to warrant their
being called families. There are certain endings
affixed to some of the taxonmomic names. Be-
coming familiar with these suffixes will help you

identify a particular group. The following cnd--

ings denote groups of organisms at various levels
of the. classification system: ’

o

Name Fnding *

Fxample
Order Ales Pseudomonadales -
. Suborder ineae Rhodobacteriineae
Family acene ~ Thiorhadaceae
Tribe cac Eschericheae

6>7. Perhaps we can better understand the
system of clagsification by starting at the bottom
and working up the ladder, giving the rules which
apply to namé an organism. For example, we
will look at a single organism. Streptococcus lac-
tis, - variety maltigenes. We normally have only
two, rather than threc names for organisms. Our
example will show how the name is derived in
this case where a variety is included.

6-8. The first word of a name for an ofganism

is its genus name. The first letter is always
capitalized. Tt is usually a Latin or Latinized
Greek word, a word derived from the Latin or
Greek stem. or occasionally from some other

"source. In cithcr case, it must be regarded as a

Latin noun. Some¢ examples are: Streptococcus—

between two organisms that are otherwise in-

distinguishable. .

6-5. A classification system 1s an arrangement
whereby organisms with similar characteristics can
be grouped together. As we mentioned previ-
ously, all life is divided into either the :plant
kingdom or the animal kingdom. Within a king-
dom are found very broad and general divisioas
called phyla. Each phylum (taken from the Greek
word “Phylon” or tribe) contains many different
kinds of organisms, but it is represented by living
forms which possess one or more similar charac-

“teristics. For example, the phylum Protophyta

contains all the so-called primitive plants, and it
is in this phylum that we find bacteria. Thus,
the bacteria we are interested in belong to the
plant kingdom and the phylum Protophyta.

J» . , -

chains of a small grain: Bacillus—a small rod:
Lactohacillus—a small milk- rod; Sarcina—a
packet or bundle; Micrococcus—a smail grain:
and Clostridium—a small spindle.

6-9. A genus (plural—genera) contains @
group of closcly rclated spccies. There is no
agreement as to how many idcntical characteris-
tics bacteria must ‘have to allow them to - be
grouped together under a single genus. How-
ever, experts on classification have set up a
“type species” for each recognized genus. This
one species is the yardstick against which un-
known organisms are measured with regard to
their morphology. behavior in laboratory culture.
antigenic makeup. and other properties we have

mentioned préwiously. In fact. comparison with

the type species of several closely related genera
is sometimes necessary in naming a bacterium.
because members of these different genera may
share several of the important features which we

92




TABLE 4 ' .

_ MORPHOLOGICAL CHARACTERISTICS. ‘
'§E§EE . . Termihologx, Average Size
- N (singular- § plural) (microns)
-~ spherical coccus,‘éocci | . ﬁ 1.0
rod-shaped ~ bacillus, bacilli 0.5 X 2.0
épiral-shaped' spirillum, spirilla 0.2 X 10

‘\J@

e
(Coccobacillary forms are‘}n%eTﬁediate between spheres

and rods)

commonly search for in the laboratory af a
means of identification. The finding of a pre-
viously unknown bacterium in- a. clinical labora-
tory is a rarity.

" 6-10. Just as a genus comprises microorga-
nisms which have one or more (usually several)
predominant characteristics in common, SO a spe-

" cies is . group (within a genus) having certain

definite. "individual properties that set its mem-
bers apart from other groups of that genus. The
example we those, Sireptococcus lactis, is a
harmicss saprophyte ( nonpathogen) normally
found in milk. Yet the type species of the genus
is Streptococcus pyogenes, a pathogen- Wthh
causes serious infections in man. You can readily

vdlStlﬂ"UlSh the two species, lactis and pyogenes,

on laboratory media because the pyrogenic strep-
tococcus produces a hemolysin which lyses (rup-
tures? red cells in blood agar plates. The milk
streptococcus is nonhemolytic.

6-11. In looking
lactis. we note that the species desz‘gnatlon always
follows immediately after the 'genus name. The
term dcnotmg the species is an adjective, noun,
or verb which is ally descriptive or comple-
mentary to the ;Jﬁuus. For example, Strepto-
coccus lactis—milk  streptococcus. Clostridiun
Welchii—Welch's clostridium, and Clostridium
dissolvens—dissolving clostridium. We see here
that the species designation is not usually capi-
talized. although exceptions can be made if the
ferm was derived from a proper noun, as in
Cl. Welchii, 'named for its discoverer.*

6-12. A variety or strain is a subspecies. Or-
ganisms of a variety have enough- similar quali-
tics to be mamed after a particular species, but
differ enough to be recognized as a group within
the species. The variety name follows the species
name and is not* capitalized. in our example
of Streptococcus lactis, variety maltigenes. This

at the name, Streptococcus *

streptococcus of milk produces ‘a malt flavor.

The name can be witten simply as Streptococrus -

lactis, ‘maltigenes.

6-13. Now that we havggdooked at the botiom
“of the ladder and have s how the names of
organisms are derived,-let’s' start up the ladder.
Figure 14 shows the entife structure of the ladder

_of classification and how our example fits,. A
family is a group of related .genera and/or tribes.
Not all families are broken down into tribes and -
then genera. In some cases, genera’follow right
below~ family. The suffix eae is added to the
stem for tribe name and aceae for the family
name. In our example, we do havgrboth a tsibe
and family name. The tribe name is Streptococ-
ceae and the famlly name is Lactobaczllaceae

6-14. An ‘order is a group of related families
and+is usually designated by adding the suffix
ales; for example. Eubacteriales, or the “true
bacteria.”

"6-15. A class is a group of related orders.
The majority of the organisms which you en-
counter in the field of medical bacteriology be-
long to the class Schizomycetes (“fission fungl’)
in the phylum Protophyta, the “primative plants.”

" 6-16. As mentioned earlier; there may be
other taxonomic categories such as subfamily,
tribe, and subtribe. Keep this in mind as you
study the miegoorganisms. It is necessary some-
times for authorities on taxonomy to create a new
division for an organism which does not seer® to
follow the specific classification lines.

6-17. Characteristics Used for Classification.
We cannot use any one set of characteristics to
differentiate all pathogenic bacteria. Classifica-
tion must be based on many characteristics which
we noted before fall into three general categories:
morphological characteristics, physiological prop:
erties, and other miscellaneous factors whlch ai
in 1dent1f1catlon

~
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_ 6-18. Morphological characteristics.. These in-
. - clude size, shape and arrangement of cells, and
v . internal cellular structures. You fcan see the
: three prmcxpal shapes of bacteria and their aver-
r.;,e sizes ‘in table 4. Bacteria vary considerably
in size, as the factor of tefi tlmes between the

. TABLE 5 _ o i
b CELL 'STRUCTURES a

-

* ) LY - -

'Me diameter of a coccus and the length- of a

spiral form shows. ' .
6-19. Physiological prOperues Classification
, according to physiological properties is based on
growth requirements.. primarily the need for an

inorganic or an organic source of carbon.

GENERAL ’ L

B 4 .

. Cell-wall. A thin complex cover1ng of protelns, lipids, and poly-

saccharldes that encloses the protoplasm of the cell .giving

rigidity te bacterla.

L]

7

14

Cytoplasmic membrane. A semipermeable membrane governing osmotic

- - Jy = ~
activity 1ocated directly beneath'the cell wall.

f&ztoglesm. The protoplasmlc or vital colloldal material of a cell

control of growth ahd reproduction of thevcell.
< " SPECIAL o

v . .
1/@<Ele. An accumulatlfof high molecular welght excretory

exclusive of that of -thg nucleus. o . N

Nucleus. Diffused ch‘romafi,n material’ r'es;rtm.sible for genetic .

LN

substances (slime 1ayer) around a smgle bacterium or clumps

N
of bacter'la. A capsule. serves

-

as a defense ‘against phagocytosls

Usually the presenc& ‘of a capsule is a sign of v1rulgence.

N q‘%

Flagellum,. A protoplasmlc st@nd of eélastic protein originating

in the cytoplasm and extenc‘iinvg
«a [ .

from the body of the cell. A

f¥agellum serves \as an organ of locomotion. The arrangemént -

of flagella is characteristic of the spec}es..

Spore. A metdbolically ‘inactive resistant body formed by a vege- _ -

tative bacterium to withstand an unfavorable environmer@.

Only ba.cilli form spores. The

ﬁb
* - w1th1n a bac1llus is peculjar to the spec1es

position and size of the spere'”

. x

Iﬂcluslon bodies. Vacuoles of reserve or waste ‘materials contained »

within the cyt(zgl“asm.

. ” 36
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Cell Wall

Cytoplasmic Membrane .
Slime Layer or Capsule
Vocuéle o B

Cytoplasm

Nuclear Material

N

_Spore

Cytoplasmic Granules

" _{inclysion Bodiss]

o /\ .
o .

kat

Flagella

Figure 15. Structure of a Peritrichous bacillus.

6-20. Autotrophic bacteria obtain energy and

grow onJdnorganic media employing carbon diox- -

ide (CO.) as their sole source of carbon. They. .

begin with CO. and ammonia (NH;) and build
an entire ‘protoplasmic structure of protein, fat,
and carbohydrates by oxidizing ammonia to ob-
tain cnergy for their other” life processes. -

6-21. Heterotrophic bacteria obtain energy |

from organic carbon sources. Heterotrophs re-
gyire the uddition of sugars. amino acids. pu-
rines. Pyrimidines. and vitamins to their culture
medium. They ferment sugars as their primary
source of energy.

6-22.. Disease-producing bacteria are usually

' heterotrophs. They have adapted to an environ-

ment in which many kinds of organic materials
are normally available. In many cases such .or-
ganisms have lost their ability to synthesize from
simple compounds certain complex organic sub-
stances needed for their growth. Parasitic bac-
teria (pathogens) require organic matter from a
living host for nutrients. Saprophytic bacteria arc
heterotrophs which use decaying organic matter
for nutrients and usually do not cause disease.

6-23. By preparing artificial media containing
various nutrients needed for growth and repro-
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luction, bacteriologists are able to study the
growth characteristics of bacteria. Growth re-
guirements associated with a parasitic or sapro-
phytic existence in man include optimum tem-
perature, the right concentration of oxygen,
proper pH, and suitable nutrients.

7. Cellular Morphology

"7-1. Bacteria possess complex cell structures
whieh can be divided into two types: general
Zell structures possessed by all bacteria and spe-

cial cell structures possessed in various combina-
tions by some. but not all bacteria. These are
defined in table 5 and shown graphically in fig-
ure 15. Similarities in cell structure generally
make it impossible to classify bacteria on the
basis of morphology alone, although the study of
size. shape, and structurdl parts is an important
aid to identification.

7-2. Size of Cells. In our work we use a unit
of measure to compare the size of cells. In the
comparison of bacteria to other cells, we use the

1. BACILLUS ANTHRACIS 4.
1 TO 1.3u BY 3 TO 8.2
2. ESCHERICHIA CcOUl
1 TO 1.32 BY 2 TO 3.5u
3. HEMOPHILUS INFLUENZAE
0.3 TO 0.4 BY 1 TO 1.6

Figure 16.

TREP

s L L
B e i
&%w

A PALLIDUM
0.24 BY 4 TO 15

5. DIPLOCOCCUS PNEUMONIAE .
0.8 TO 1.30x BY 1 TO 1.5.

4. STREPTOCOCCUS SPECIES
0.61 BY 1.6

Comparison of microorganisms ta. a red blgod cell.

I3
A
.

7. STAPHYLOCOCCUS AUREUS
0.7 TO 0.9u

8. RICKETTSIA PROWAZEK!
0.34 BY 0.3 TO 0.5

9. VACCINIA VIRUS
0.15u
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Figure 17. Cell structures.

micron (u). A fnicron_ is 1/1000 of a millimeter  microns (length) in dimension. A size relationship

{mm.) or.1/25400 of an inch. 'OccaSibnally, the

Angstron?’ Unit (A.), equivalent to 10—7 mm.
or 1/10000000 of a mm., is used for very small
organisms. Although there are exceptions, .most
bacteria range from 0.2 microns (width) to 5

can be made using human erythrocytes (red blooc
cells) which average about 7.5 microns in diam-
ster. We have illustrated in figure 16 a size com-
parison of giggoorganisms to a red blood cell. As
you becom®#familiar with your microscope, the




size of an erythrocyte in the oil immersion field
will give you an idea of the dimension of any
given organism, and indeed, many measurement
references are made in relation to the erythrocyte.

7-3. Shape of Cells. As.you can see in table 4,
there are essentially three different shapes’ of
bacteria. They are spherical, rod-shaped, and
spiral-shaped. Figure 17 illustrates the varia-
tions in arrangement which these three basic
shapes may take. Notice, too, the terminology
and position of the bacterial spores and flagella.
These descriptive terms are used frequently, and
from them you should be able to picture a partic-
ular bacterial cell. ' v

7-4. Grouping of Celis. Cell grouping as well
us the shape can aid in identifying bacteria. The
grouping results from the manner in which cell

multiplication takes place. Bacteria reproduce
by binary fission; by this we mean the bacteria
split (divide) at right angles to their long axis.
One organism “becomes two, two become four,
four become eight. and so forth. In the case of
binary fission in the rod-shaped bacteria, a cell
first increases in length. Then a constriction .de-
velops across the narrow width of the cell about
midway between the two ends. This is the loca-
tion at which cleavage (fission) takes place to
give us two cells in the place of one. Cell division
in the rod forms often gives rise to chains of
organisms which break up into single cell masses.
However, if individual cells do not separate
cleanly, and there is post-fission whipping of
bacilli. "the side-by-side palisade arrangement
shown in figure 17 can result. '

, TABLE 6 .
ARRANGEMENT OF BACTERIAL CELLS N
] Type of
Arrangement Terminology Division
SPHERICAL FORM
§ﬁngle coccus --
~————Pair ) diploeoccus in one plane
. Chain ' streptococcus in one plane
Cluster . . staphylococcus in many planes
Four tetrad ( two @k~moTre planes
Eight : cube' two or more planes
; \
ROD FORM .
Single bacillus _ --
Pair diplobacillus in one plane
Chain ) streptobacillus “~ in one plane )
Palisade palisade in one plahe
(post-fission
whipping)

SPIRILLUM, always occur singly

C®CCOBACILLUS, same as.for spherical forms
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7-5. Anfong the spherical forms (cocri), cell
division can occur in more thun one plane, and
the distinctive grouping of cells which follows
reproduction is characteristic of certain genera.
To picture this clearly. imagine that we place an
orange on a table and slice, throuah the’ center of
the fruit with a knife. ‘The slice can be made
from top to bottom (one plane). or laterally

from side-to-side (a second planc). or even on

the diagonal (u third plane). Also. suppose that
cach half grows into a whole orange. to be sliced
again. A scries of oranges sliced each time from
top to bottom (only one planc) will yield a chain

extending ulong the surface of the table. This
grouping is typical of the streptococci. Similarly,

if an orange is sliced first from top to bottom.
and the resulting two oranges are sliced in a
different plane. the result will be a packet or
cluster of fruit rather than a chain.

7-6. In this manner. the grapelike clusters
typical of the staphylococei are built up by cell
division. first in one plane and then another as
reproduction proceeds. In table 6 note that
spherical organisms’ are found in pairs. tetrads
(groups of four celis). cubes. and clusters, de-
pending upon the number of planes in which cell
division takes place. Incidentally. you can best
observe these characteristic groupings in a broth
culture rather than in colonies on solid media.

7-7. Variation. If we cultivatc bacteria under
carefully controlled laboratory conditions. we can

reasonably. expect . these organisms to.reproduce

their typical mworphological features from one
gencration to the next. Likewise. we expect that
manifestations of life processes will remain fairly
constant from culture to culture of the same
organism. But now and then we encounter ai-
tered growth patterns. in laboratory cuitures, or
morphological changes that make identification
of bacteria difficult. These departures from nor-
mal or “typical” growth of a species are called
variation. Variation is found in form and struc-
ture of the cell or colony. metabolic processes.
mmunologrcal characler and ability to produce
diseuse.

7-8. Variation in bacteria introduces an ele-
ment of uncertainty which. coupled with the
complexity of working with living biological sys-
tems. makes the positive identification of mi-
crobes one of the most challenging and time-
consuming procedures in the clinical laboratory.
Fortunately. we ordinarily have sufficient prop-
erties that are characteristic of a given genus or
species  (cetlular and colonial morphology. nu-
tritional requirements. immunological compo-
nents of the cell) to form a composite picture
that cnables us to establish identity.

7-9. Variation generally ~arises from either of

n
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two causes: a change within the genetic struc-
ture of cells in a culture (a mutation); or a

"noninherited modification in appearance or be-

havior (an adaptation) brought on by enviran-

mental influences as a laboratory culture of orga-

nisms grows and reproduces. This second form(
of change sometimes occurs despite our best ef-

forts to supply a pathogenic bacterium with the

same growth conditions it enjoyed in the human

host from which it was isolated.

7-10. Mutations. Mutations of many Kinds
occur spontaneously in the genes of the bacterial
nucleus. A gene is a self-duplicating, biolog:cal
unit which carries an inherited trait from genera-
tion to generation during reproduction. Many
mutations are lethal to the organisms in which
they occur, but others are not. If environmewutal
conditions favor the growth of a mutant cell, the
culture will soon contain a mixture of btoth
typlcal bacteria and mutants. Resistance to antibi-
otics is a prime example of a spontaneous muta-
tion among pathogenic bactéria. You can dem-
onstrate this mutation very easily by plating a
heavy suspension of organisms to a culture me-
dium containing an antibiotic. § A few isolated .
colonies of the drug-resistant mutant will usually
appear, since the inhibitory medium permits sur-
vival of only the resistant forms present in the
inoculum. The physician must contend with this
phenomenon of drug resistance in treating his
patlcnt for a bacterial infection. The infectious
‘microorganism, if not already resistant to one or
more antibiotics, may develop resistance by muta-
tion during the coursc of antibiotic therapy.

7-11. Adaptations. The second form of varia-
tion we spoke of, that is a noninherited modifi-
cation, or adaptation, of the cell is perhaps best
exemplified by changes in size, shape, or struc-
“ture of bacteria during cultivation in the labora-
tory. A stained slide prepared from a patient’s
specimen at the time the specimen is collected
for culture will quite often reveal microbes
greatly different in morphology from those which
grow out on laboratory media. For instance. a
coccuslike form found in body tissues may emerge
as a short rod in the colonies growing on a blood
agar plate. Capsules, or a slime layer, are often
formed around an organism in the body, only to
be, lo I/s,t during cultivation on artificial media. This
loss is usually accompanied by a change in co‘ony
texture from smooth (S) to rough (R). To cite
another cxample, the bucillus causing the discase
anthraX in animals and man tends to remain
in the vegetative (nonsporc) state during repro-
duction in the host. Spore formation characteris-
tically takes place only outside of host tissues. or
in laboratory media.
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7-12. There are two other terms which you
should become familiar with because they are
often used in discussions of microbial morphology-
ard variation—involution férms and pleomor-
phism. Involution forms are abnormal, bizarre,
shapes assumed by bacteria in aging cultures, or
ur-der highly unfavorable environmental condi-
ticns. These forggs may bear no clear resem-
blance to the usujMagmephological features of the
genus to which theY bflong. For instance, after
exposure to antibiotics a short rod may producc,
in culture, extremely long filamentous forms be-

‘cause-the action of the antibiotic has interfered

with the process of cell division. :

7-13. Some genera of bacteriage are more
prone than others to grow in a variety of shapes
that can make identification difficult—even in a
favorable cultural environment. Species of the
genus Actinomyces, pathogens of man and- ani-
mals, are good examples. They have morphologi-
cai properties akin to those of the molds and
higher fungi. Actinomyces are sgid to be
pleomorphic in that they occur naturally in sev-
eral forms: as short coccal forms, bacillary frag-
ments. club-shaped rods, and branched structures
which, to the inexperienced bactenologlst scem
to represent a mixed culture.

8. Cultivation of _Bucteﬁ’a

8-4. Nutrition. The pm@,_[oods include- a
source of carbon (organic or inorganic), nitro-
gen for the production of amino acids and similar
products, inorganic chemical salts, and other

growth-promoting substances. Most media con-
tain peptone, a breakdown product from protein,
which provides an available source of curbon and
nitrogen. Certain pathogens nced serum or blood
in order to reproduce on culture media. Carbo-
hydrates are needed by some organisms as a
source of energy., but not by others. You may
add calcium. magnesium, potassium, and sodium
salts, as well as certain other mincrals, and even
dyes, to culture media to either assist or inhibit
bacterial growth, depending upon your purpose
in cultivation.

8-5. Muisture. Moisture is essential for growth.
There is usuglly sufficient moisture in a culture
medium, particularly in a broth. You can add
moisture to closed containers, such as candie
jars, by soaking a piece of gauze or cotton with
water and placing the dampened material in the
container beside the plates of medium.

8-6. Acidity/alkalinity pH. The proper pH
must be maintained during the life of the bac-
teria. Just as you would die if your body pH
changed very much, so, will bacteria. Media are
usually prepared to a specific pH in the range of
6.8 to 7.2. Hdwever, as bacteria grow they

8-1. Any plant or animal will flourish or ‘digy
depending on its environment. Given ampie food.,
water, and the’ proper atmosphere, abundant
growth will follow; however, lct the opposite be
true and death ensues. Bacteria are no different
in this regard. They will flourish and reproduce
in the laboratory if carcfully cultivated. N

8-2. You can conclude from our discussion 50
fer that bacteria cannot be identified as to spe-
cics, and usually not to genus, on the basis of
ninrphology and staining reactions alone. Therc-
foe, you must supplement your microscopic ex-
amination by studying the appearance and
growth characteristics of bacteria on laboratory
media. But in order to set up the proper condi-
ticns for microorganisms to survive and multiply
on artificial media you must first learn somcthing
about microbial growth requirements.

8-3. Growth Requirements. To cultivate bac-
teria in the laboratory you must consider several

irnportant factors. These factors are very similar

te those involved in the life processes of other
plants, animais, and humans. These are:

e Nutrition (proper food). -
- @ Moisture.
e Acidity/alkalinity (pH).

e jTemperature.

e Gas Exchange.
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utilize the food available to them, and in so do-

ing, change the pH of the medium because of

‘the accumulation of their waste products. To~

counteract this change, buffering agents are in-

corporated into cuiture media. Buffer substances ~

retard changes in the pH of the growing culturc,
thus, permitting more abundant growth before a
limiting acidity or glkalinity is reached.

8-7. Temperature. Bacteria vary considcrably

with respect to their temperature requirements:

for growth. We classify all bacteria into threc

" broad temperature groups: psychrophilic, meso-

philic, and thermophilic. Psychrophilic or cold-
loving forms grow more readily at lower tempera-
tures, 15° to 26° C.; mesophilic forms grow best
at 30° to 37° C.: and thermophilic or heat-loving
forms grow best at 50° to 60° C. The majority of
human pathogens arc mesophilic, growing best at
37° C. A constant temperature incubator adjusted
to 37° C. satisfies the temperature requirement for
most pathogens.

8-8. Gas Exchange. Gas exchange between
bacteria and their environment is vital. While
most of the bacteria encountered in medical bac-
teriology will grow under conditions of normal
atmospheric oxygen. certajn others need more
carbon dioxide than is found in air. Still others
can obtain their oxygen only from chemicals in-
corporated in the medium. Since some patho-

6o
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genic forms can use only one of the several dif-
ferent systems of respiration found among
bactcria in general, you must furnish thed specific
atmospheric epvironment  which those  disease
agents require. Otherwise, your isolation attempts
will almost always rcsult in failure. We will take
a closcr look at somc of the types of respiration

found in bactcria, along with othcr physiological -

principles important in cultivating microorga-
nisms.

8-9. Physiology. Respiration is a process by
which bacteria generate energy for growth. You
learned in basic chemistry that cnergy is relcased
through a coupled reaction in which one com-
pound is oxidized while another compound is
simultancously reduced. You will rccall that oxi-
dation represents a loss of clectrons, and reduc-
tion a gain of electrons. In bacterial respiration.
clectron transport is accomparicd by the transfer
of hydrogen atoms. So, for all practical purposcs

the cnergy-yiclding, oxidation-rcduction reaction

can be pictured as a transport of hydrogen atoms
from one compound to another. In othcr words.
an oxidized compound within the cell (hydrogen
donor) gives up onc or more hydrogen atoms
to a sccond compound (hydrogen acccptor)
which is thcreby reduced by its acceptance of
thede sume hydrogen atoms.

8-10. Bactcria can utilize a wide assortment
of organic and inorganic compounds in gencrating
encrgy for cell functions. In gencral tcrms, if
members of a given species can couple hydrogen
atoms with atmospheric oxygen (thc hydrogen

acceptor) as the final link in a chain of oxida-

tion-reduction reactions, then we speak of this
proccss as “aerobic” respiration. If some chemi-
cal substance other than frec oxygen serves as
the hydrogen acceptor. we term this respiration
“anacrobic.” In bacterial classification. micro-
organisms can be divided into four major catc-
gories on the basis of their requirements for
atmospheric oxygen as the hydrogen acceptor:

(1) Acrobes. '

(2) Facultative anaerobes. , .

(3) Obligate anaerobes.

(4) Microaerophils.

8-11. Aerobes. An aerobe growing on solid
mcdium must have oxvgen gas in the atmos-
pherc surrodnding the culture. Broth cultures
must contain dissolved oxygen throughout the
liquid in order for aerobic respiration to procecd.
Quitc often the diffusion of oxygen into the broth
is accelerated by agitating (shaking) the medium
during incubation. In most aerobic organisms the
hvdrogen atoms arising from oxidation-reduction
reactions in the cell arc joined to atmospheric
oxygen to form hydrogen peroxide (H:O.) as

-

thc end product in respiration. Since H:O. is
toxic to biologic systems, the aerobes producs
an crizyme. catalase, to break down the harmful
compound into water and oxygen.

8-12. Facultative anaerobes. This typc of
bactcrium is able to use cithcr atmospheric oxy-
gen or some other substance as a hydrogen uc-
ccptor. By this proccss, a facultative organism

, can adapt to grow in either an aerobic or an

anaerobic environment. Many of the bacteria
- which normally live in the human intestine are
Tacultative anaerobes which show rapid growth
aerobically on laboratory media. They can>adapt
to anaerobic conditions when the supply of oxygen
% the culture is exhausted. Most of the patho-
genic organisms we will study are facultatve !
anaerobes. _
'8-13. Obligate anaerobes. An obligate anaer-
obe will not grow in a culture exposed to at-

““mospheric oxygen. Frec oxygen is toxic to the

anacrobe’s respiratory mechanism, and hydrogen
atoms are usually transferred only between ccr-
tain organic compounds fabricated by the cell
from constitutents of the culture medium. In =f-
fect. the anacrobic forms do not possess the res-
piratory cnzymes necessary to couple hydrogen
atoms with oxygen. the hydrogen acccptor com-
monly used by the aerobes and facultative anazr-
obes. Many of the obligatc anaerobes of interest
to us in the. clinical laboratory, such as the gin-
grene” organisms of the genus Clostridium, sur-.
vive an oxygen atmosphere by-forming resistant
spores. These spores remain metabolically in-
active until  an environment free of oxygen
stimulates their germination. ‘

8-14. Microaerophils. Between thc strict asr-
obes and the obligate anaerobes we find scine
interesting gradations among bacteria with respect
to requirements for atmospheric oXygen. For
example, the microaerophils are a group of sapro-
phytic (nonpathogens) forms for which oxygen
is toxic in normal atmospheric concentration.
These bacteria are not true anaerobes becausc
a need for oxygen does exist, although the
amount required is extremely small. Then, again,’
there are so-called .ndifferent microbes which
can grow either in the presence or absence of
oxygen. The gas is not toxic to these anaercbic
organisms, but atmospheric oxygen is not uzed
as a hydrogen acceptor in respiration.

8-15. Colony, Morphology. Tn a suitable en-
vironment, a bacterium will grow and multiply.
As a result, where originally there was ‘one or-
ganism, descendents (progeny) of that organism
begin to build up around the original cell. Within
a short period of time there .are enough orga-

nisms in one area to be seen macroscopically.
[ 4
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Figure 18. Colony shape.

or colonies, which possess qualities that\aid ‘in

A3 these organisms reproduce, they form ézups.

thzir identification. The qualities are referréd to
as -colony shape, size, and texturc. Rccognition
of typical colonies of each genus is cssqptial as
a step to identification.

8-16.'Colony shape. Colony shape refers to
the outline gf the colony. along with its cleva-
ticn above the medium. When examining colony
growth, you must observe individual colonics
which have not been distorted or influenced by
colonies growing in close proximity.. Certain
terms are used to describe colonial shape in re-
lation to its outer edge, such as circular. undulate,
lobate, crenated, etc. Some colonies may be ir-
regular and appear spread out. You can sec ex-
amples of colony shape in figure 18.

8-17. The more motilc an organism, the
greater will be the arca of the colony. - For cx-
ample, Proteus vulgaries may produce spreading
co'onies which will cover the cntife plate and
give the appearance of a thin film of bacteria
on the platc—H-type colonics.” Proteus may also
grow as a small discrete colony—O-type colonics.
The H and O designations were derived from
tbe German words, Hauch and Ghne-hauch, de-
noting spreading and nonspreading forms. The
H type colony is due to active flagellar motion,
and the O-type colony indicates a nonflagellated
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and, therefore, nonmotile organism. It is signifi-
cant that the presence of flagella correlates with
the antigenic propertigs of the organism. Antigens
‘arc chemical compopents of the bacterial cell
which stimulate the formation of specific protee-

tive substances, “antibodics,” in the bloodstrcam
of man and animals. You will learn later how to
capitalize on this phefiomenon by using scrologi-
cal techniques to detect differences in antigenic
structure of closely related microorganism. Some-
times you can distinguish. morphologically iden-
tical species only by means of analysis of their
antigens. :

8-18. Colony elevations arc described by such
terms as flat, convex, umbilicate, raised, um-
bonate, papillary. and convex rugosc, as we have
illustrated in figure 19. To best view these char-
acteristics, you should use oblique light and a
hand lens to sec shadow cffcct. Older colonics
may tend to flatten and yicld nontypical fea-
tures. Be awarc of the time elcment.

8-19. Colony size. The size of a colony is

- labeled as dwarf (diphtheroidal). pinpoint, small,

-

discrete.. large, or spreading. Under normal cul-
tural conditions, size is an aid in identification.
Significance is often attached to minute (dwarf)
colonics “in ‘that these ar¢ apt to be variant col-
onies having a degree of virulence different from
that of larger colonies of the same organism. As

with the shanc of the colony, size can be affected
by factors of motility. Distortion in sizc may also
be caused by the presence of too niuch moisture

on the medium surface. This is one reason why

you should not inoculat¢ media surfaces with
bacteria while -water droplets, arising from con-
densation, are still prcscni on the culture plate.
The resulting growth may not take the form of
isolated colonies needed as an aid in identifica-
tion. ) ’

8-20. You can gather other informition from
tube cultures. In figure 20, you can sce the dif-
ferent growth patterns of organisms on a slant
culture. For certain identification procedures.
you may do a stab culture to examine the growth
of organisms within a solid medium. Figu 21
shows the growth patterns .in a solid medium.
Thé pattern obtained aids in identification. We
will discuss the preparation of these cultures in
Chapter 4.

8-21. Colony texture. Another uscful aid to
identification is the texture of the colony. Texture
is described by such terms as rough, smooth.
glistening, mucoid, heaped. ctc. Some colonies
are so mucoid that, if you touch them with a
me:]"ll loop, you will see a long string of sticky

_material adhering to the loop as you withdraw

it. Mucoid colonies can result from heavy cap-
sule formation by individual cells, or by scere-

~4
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tions produced by bacterii in response to an
external stimulus, such as phenol in a medium.

8-22. Smooth (S) and rough (R) colonies are
frequently encountered. Many bacteria produce

both the S- and R-type colonies. Thg" S-type

colony is generally smooth, translucent, convex,
glistening (moist), circular, and “butterlike” in
consistency. The S-type bacteria are usually en-
capsulated and, as a rule, will produce a smooth
growth in a liquid medium or broth.

8-23. Loss of virulence or capsule may cause
the bacteria to -show a variation in colonial
growth: that is, instead of an S colony, an R
colony is produced. An R colony is generally
dull in appearance, less translucent (more
opaque) than the S colony, and may have an
irregular circumference and a wrinkled or rough
surface. Bacteria from R colonics, when grown
in broth. .ay form flaukes or granules. They
may scttle to the bottom or, form a surface scum
cr pellicle. Stained slides made from the broth,
or from surface colonies from the plated medium,
will usually rcveal/long,. filamentous organisms.

*

~
FLAT (EFFUSE)

RAISED

8-24, Bacterial Pigments. In addition to shap,
size, and texture, bacterial colonies can develop
certain characteristic colors or pigmentation, or
cause the surrounding medium to become pis-
mented. Although we don’t know exactly how
these pigments are formed, they often give us a
hint as to the identity of organisms growing on
plated media or in a culture tube. Colors are
produced in a wide range, depending upon the
type of medium used, time and temperature of
incubation, age of culture, and other environ-
mental factors. On a dye-free medium the ccl-
onies of most bacteria are white to gray ard
range from opaqué to translyeent. But with the
pigmented media, a colony may be a bright yel-
low on one medium, and a dull yellow, orange,
or white on another. '

8-25. The two major groups of pigment thac
you may encounter are leukobases and lipo-
chroines. Leukobases are compounds which, af-
ter being excreted by the bacteria, are oxidized
to form a colored product. An cxample of this
rcaction is found in Pseudomonas aeruginosa.

.

CONVEX

' UMBONATE

PAPILLARY

w4 CONVEX RUGOSE

Figure 19. Colony elevations.
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The - organism produces a blue pigment,

o o cne Pyets o Tenrs B0 1672
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Effuse

Sprpdin

Figure 20. Slant streak culture.

pyo-
“/amn, which gives us the term “blue pus” that
is descriptive of certain wound infections. Lipo-
cnrome pigments are red, yellow, and orange;
they are similar to those produced by flowers
and to pigments seen in butter and egg yolk.
8-26. Pigments vary a great deal in color in-
tensity, even with the same organism. Moreover,
they are unstable substances. Only if you inter-
pret pigmentation with certain considerations -in
mind (i.e., the conditions of cultivation,) can
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caaracteristic? There are three types of pigments

cf interest to you, based on solubility differences

in common laboratory solvents. They are (1)

carotenoids, (2) anthocyanins, and (3) melanins. .
in table 7, we have listed the types of pigments,

taeir colors, and some of the gqrganisms which.
produce them. These bacterial genera are often

found as isolates from clinical specimens.
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8-27. Anaerobic (,ultures. In our earllgr dis-
cussion of.anaerobic organhms we mentioned
decreased oxygen tension as a requirement for
growth. The Difco manual® lists the following
means of obtaining partial or complete anaero-
biosis:

a. Addition of small amounts of agar to liquid

média.

b. Addition of fresh tissue to the medium.

c. Culturing in the presence of aerobic orga-

nisms.

mgmentbfonnanon—b&msed_as_an—‘xdenuf_ymg_‘ A'Aﬂddrtmn—of—a—fedﬂemgﬂubsmne&%the .

medium.

. e. Displacement of the air by carbon dioxide.
f. Absorption of the oxygen by chemicals.
g..Removal of oxygen by direct oxidation.

* h. Incubation in the presence of germinagg

grain or potato.

Y

- . R
* Difco Manual. Sth edition, Difco Laboratories, Detroit, Mich.
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’ TABLE 7 s
. BACTERIAL PIGMENTS o
Type éigment' Color Representative Genera
Carotenoid Red, yellow, orange Sarcina
0 | Micrococcus
‘ gzaphylococcus
Anthocyanins Blue,'ied, intermediate Pseﬁdomonas
' | colors
Melanins Red, brown, orange, Bacillus ’

black

i. Inoculation into the deeper layers of solid

- media,{ or under a layer of- oil in liquid
media. .

j. Combinations of these methods.

As you can sece, there are numerous techniques
to accomplish the various degrees and special
states of anaerobiosis. However, in daily practice
relatively simple procedures are available and
in common use.

8-28. Thioglyvcollate broth. This is a medium
which contains a small amount of agar in a liquid
medium. It is excellent for cultivating strict an-
acrobes as well as aerobes.
glycollate in the medium acts as a reducmg agent
and complete anacrobiosis is produced in all but
the very upper portion of the médium. Thio-
glycollate fluid medium is widely used as a
routine broth medlum for most bacteriological
analyses.

8-29. Burning candle method. Many mlcr@
organisms require a' carbon dioxide concentra-
tion above normal atmospheric levels. You can
supply an atmosphere containing 2 to 3 percent
carbon dioxide by incubating cultures in a candle
jar ae‘shown in figlire 22. Any wide-mouth
vessel with an airtight lid will suffice, provided
it is large enough to accommodate several cul-
tures. Place the inoculated tubes or plates of
media in the vessel, then place a lighted ch’ndle
in the container above the cultures. and securely
tighten the lid. The burning candle will be ex-
tinguished when about 2 to 3 percent carbon
dioxide has accumulated. Be certain to place
the candle as high as possible in the candle jar
to permit accumulation of CO. which extin-
guishes the flame. (The CO. is heavier than
air and fills the bottom first.)

The sodium thio- -

8-30. Brewer jar. The Brewer anaerobic ;ar
shown in figure 23 is a large, cylindrical ves:zel
which will accommodate several agar plates aad
test tube cultures. Either hydrogen or natural

gas may be used to create the desired atmos-.
phere. Since natural gas is réadily available, it is

far more practicil and less dangerous to use in
sccuring anacrobiosis with a Brewer jar.

8-31. When operating a Brewer jar with na-
tural gas, place a tube of soda lime inside the

"," ’*\\\\‘%/ /////Wf? ;
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Candle jar.

Figure 22.
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Figure 23. Brewer anaerobic jar.

jar along with the cultures. The soda lime will.

ahsorb the excess carbon dioxide formed and,
thereby, prevent a lowering of pH in the culture
media. During thc process of obtaining anacro-
biosis, proper functioning of the apparatus is

shown by the formation of droplets of water on

the inside of the jar. -

8-32. Pyrogallol - technique. Another anacro-
try method is the pyrogallol anaerobic technique.
Purogallic acid and’ sodium carbonate arc mixed
in an airtight system, thc oxygen is absorbed
ta alkaline pyrogallol, and an anacrobic atmos-
phere prevails. This techniquécan be modified
for any leakproof vessel which -will accommodate
onltures. Standard supply items arc available for
this technique also.

8-33. Bray dish. The Bray dish used for this
technique is illustrated in figure 24. Onc side

of the divided Bray dish bottom is charged with &

< a 40 percent solution of pyrogallic acid. A 20

»

percent solution of sodium carbonate is added
to the other sidc of the Bray dish bottom. You
should take care to prcvent mixing of the solu-
tions at this stage. Invert the inoculated agar
dish and place it over the wide mouth of the
Bray dish. You should carefuly seal it to the
Bray dish with a strip of parafilm, or suitable
scaling material. Gently rock the vessel, thor-
oughly mixing the pyrogallic acid and sodium
carbonate solutions. This will causc absorption
of the oxygen and create an anaerobic atmos-
phere. ,

8-34. Sodium carbonate method. A modifi-
catidn of the Bray dish technique is to usc a
section of filter paper fitted inside the lid of a
Petri dish, as shown in figurc 25. A pinch (ap-
proximately 0.5 g.)'of crystalline pyrogallic acid
and a pinch of crystalline sodium carbonate arc
mixed together on the filter paper. Moisture for
the rcaction will be obtained from the agar.

—
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Place the inoculated agar dish on the lid and
carcfully seal it with suitable scaling material.

8-35. You must incubate cuitures in the usual
inverted position so that the reagents or filter
paper will not “contaminate the cuiture. When
seveFal tubes or plates are to be incubated an-
aerobically in a large, [8akproof vessel, the usual
proportions of reagents arc 10 g. of pyrogallic
acid and 100 ml. of 20 percent sodium car-
bonate per liter of air space.

8-36. To obtain an atmosphere of 10 percent
carbon dioxide, you can usc another method.
Invert the inoculated medium platg and place
it in a vessel cquipped with ah airtight lid. Place
one gram of sodium carbonate for each liter of
vessel capacity in a small open container inside
the vessel. Cover the sodium carbonate with cot- .

_ton and_add 100 ml. of 3 percent sulfuric acid

for-cach gram of sodium carbonate used. Then.
securely fasten the lid.

9. Ct;lture Media and Environment "

9-1. Bacteria had been grown in.culture broths
for some time before Robert Koch, the German
physician, began experimenting ‘with solid media

“in the 1800s. He first used 2 {0 5 percent gelatin;

which worked well in cool teinperaturcs or when
the bacteria did not hydrolyze the gelation. <Frau
Hesse. wife of one of his investigators . suggested
agar-agar..-a scaweed. preparation commonly

-called agar. Agar had come to Europcan kitchens

from Java and was used in preparing jellies.
This new material scemed inert to the action of
bactcria. It launched a whole new era in the
study and isolation of bacteria. : .
9-2. Since Robert Koch’s introduction of solid
culture media“for growing and isolating bacteria,
the ficld of bacteriology.has expanded and pros-
pered. . A great deal of research-has been done
to prepare an -artificial medium’ which is similar’
to the environment each organism prefers in na-
ture. In order for bacteria to build up their cells
and reproduce: the elements necessary for the

«
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various’ cell.structures anﬂ functions must be sup-
plied in the immediate environment.
9-3. General Classes of Media. No single cul-

ture medjum is satisfactory for cultivating all bac-

teria. A general purpose or basal culture medium
has sources of carbon. nitrogen, and inorganic

salts; but the addition of other substances. such '

as blood, serum, amino acids, qr vitamins may
be required for growth of pathogenic organisms.
The basic energy sources are supplied by wuter
extracts or infusions of meat, vegetables, or yeast.
Other complex energy sources include hydroly-
sates or digests of protein Which yield the nitrogen-
containing amides, amino acids, peptides, pep-
tones, and proteoses. '

9-4. Additional energy sources may be sup- -

plied by carbohydrates. alcohols, organic acids,
glucosides, or similar materials.. Carbohydrates,
especially glucose. are oftenl ingorporated into ine-
dia for the primary isolation of pathogens. When
studies for hemolysis<are tobe performed, how-
ever, carbohydrates should be excluded from
blood agar for they tend, to inhibit the bacterial
production of cerfain hemolysins. '
9-5. Culture media may be liquid or solid:
You can prepare a vsolid?ncdium by adding 2gar
to a liquid nutrient medium. As previously men-
tioned. agar is an inert, purified extract of Gelid-
ium ‘species, a type of seaweed, which is not
metabolized by bacteria. Heat a liquid medium
with added agar powder or flakes to melt the agar
and then sterilize it. At a temperature of 96° to

98° C. agar melts and. goes into solution. Upon °

cooling to 40° C., the agar solidifies and congeals
the meditm. You generally use agar in 1.5 to
2.0 percent concentrations in preparing solid me-
dia. Lower concentrations give a semi-solid me-
dium which is ideal for. performing mosility
checks of pure cultures.

9-6. Your MBain purpose in culturing bac.eria
is to produce pure cultures on a solid medium.
Therefore. a very important factor in media prep-
aration is sterility. Media must be free of bac-
teria b\efore inoculation so that growth of the or-
ganism from a clinical specimen will not be
Masked or inhibited by contaminants. The most
common means of sterilizing media is by the zuto-

v
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clave in which steam under pressure is. used to

reach the necessarily high temperature of about .

121° C.

- 8. Prolonged heatmg at high tempcratures :

can change the composition of a medium, For
exanple, excessive heat can chemically brez«
down lactose broth, and may demonstrate a pos-
itive lactose fermentation (faAlser positive) by o:-

«

-

KIRWAY COVERED WITH GAUZE D ;r |

% N
RUBBER STOPPER >l
well secured ‘f

TAPE R STRING™ [) '
FOR HANGING I ‘

ganisms which do not ferment lactose. Increased’
heat may also make a medium more ‘acid than

desired, or form_an undesirable precipitate which

will be visible in"the medium. The gelling ability
‘of the me
 9-8. Whe
" cial sources,

ium may also be destroyed. _
| you prepare media from commer-
follow the manufacturer’s direction

 very carefully as to time and temperature of ster-
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Figure 26. Flask of sterilized medium,
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- dehydrated form.

f

-peptone. peptone and meat extract.

ilization. Much of the media used today is com-
merciully prepared and available in powdered.
This powder contains the in-
gredients necessary to grow the bacterid for which
it was specifically designed and necds only to be
reconstituted with a fluid and sterilized before use.

9-9. In order to select and prepare cultures for
various bacteriological analyses. it is necessary for
vou to become familiar with the many and varied
types of media. We can break the media we com-

mdnly use into the following prmmpal types:
e Basal.
Enriched.
Isolation (differential and selective).
Biochemieal. .

-

-

Basal media contain ordinary
or peptone
and meat infusion. with 0.5 percent sodium chlo-
ride. Agar is added when solid media are re-
quired. Such busal media are used for growing
nonfastidious organjsms which comprise the ma-
jority of bacteria. .

L9-11. Enriched. Enriched media are usually
prepired by adding blood. serum. ascitic fluid.
amino acids. or other complex nutrients to a basal
nicdium for the primary isolation and subculture

9-10. Basal.

*of fastidious organisms (usually pathogens). The

sterile enrichmene substances must be added afrer
sterilization of the basal media. .
9-12. Isolation. lIsolation media are used to

obtain pure cultures of pathogenic microorganisms®

- from a heavily contaminated source such as a

-ing the growth of any pathogens.

Agar.

fecal specimen.  Specific agents are added to the

media to retard or prevent the growth of con-

taminants present in the specﬁ’ncn without affect-
When you use
such media n the solid state. you may add spe-
cific carbohvdrates and acid-base indicators to
aive gross differentiation between organisms on
the basis of fermentation reactions. Isolation media
are subdivided into differential and selective media.

9-13. Differential. These media are those that
contain chemicals which all the differentiation
of bacteria uccording to grpwth characteristics.
For example. a certain megdfum contains the car-
bohydrate lactose and ¢
We use this medium td help us differentiate be-
tween lactose and nonlactose fermenters. If the

lactose is fermented. an acid byproduct is pro-

uced which will give a visible color change in
the medium.
9-14. Selective.

These media are tHose which

. ullow only specific organisms to grow. Chemicals

are incorporated into the medium which allow

the growth of sclect organisms. An example of

this type of medium is Salmonella-Shigella (SS)

This medium allows few organisms other
1

LI

" the filter paper.

indicator (phenol red).’

-

than Salmonella and Shigella species to grow. ‘In .
some cases. a selective medium can distinguish
between genera. 8S medium will grow Salmonella
anc Shigella species. ' But Brilliant Green Agar
wili grow Salmonella and inhibit Shigella.

Q-15. Biochemical media. Biochemical media
arc ~mployed 1o detect the enzymec activity of
ber-- a. The ability to hydrolyze urea to am-
monia and- carbon dioxide. to, ferment various
carbohydrates to produce identifiable acids. and
gis. to reduce nitrates to nitrites, or to produce
indole from tryptophane are all examples of en-
zymatic activities which are useful in differentiat-
ing bacteria. Any medium which will permit the ,
detection of these or comparable reactions may be
termed a biochemical medium. .

9-16. Preparation of Media. The proper prep-
aration of a medium is as ifnportant as ‘its selec-
tion. We should reemphasize here that in
preparing any medium from commercially manu-
factured ingredients. you should always follow the
manufacturer's directions explicitly. . As stated °
previously, most of the media you will use are
purchased as dehydrated powder from commer-
cial laboratories. ) ’ .

9-17. Rehydrating media. In rehydrating the .
media. you should use distilled water. Fresh, dis-
tilled water is best because water whick has been
stored”in an open container for long periods of
time can absorb enough gases to alter the final
pH of the medium. Carefully weigh the dehy-
drated powder on weighing paper according to
the directions on the container label. Slick paper
is preferred over filter paper when weighing. as
some of the powder may be lost by adhering to
You should then place the pow-

der in a dry flask of a size suitable to hold twice
the final volume of medium desired. For exam-
ple. | liter of broth should be prepared in a 2-
liter flask. You should add water o the dehy-
wdrated medium sIowa at_first to make sure that
it will be completely dissolved. Add a little water .
and make a thick sturry. Then, you can add the

* remaining wateg. If you dissolve dehydrated me-

dia in this way. there will be no lumps and you
will prevent burned*agar when heat is applied.
9-18. In preparing an agar-type medium, you
must apply heat_and bring the soluuon to the
boiling point. Aglmte and swirl the flask to pre-’
vent burning and sticking of the medium to the
flask. Use caution while heating solutions over

* the burner as the medium may boil #ver the top

and onto your hands. causing serious burns.
Watch’ the flask carefully and hold it with tonge,
or asbestos gloves. Keep the opening of the flask
poinied away from your face. If you notice that
the material is about to boil over, set the flask .
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Figure 27, Flask setup for dispensing media.
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down immedia¢ly. Do not attempt. to carry the
flask to the sig.
make more metlia a lot easier than you can treat
burned hands and fingers. o

9-19. Using Liquid Media. You do not need to
heat most liquid media to boiling because-they are
usually soluble in water at room temperature.
You can best dissolve a medium containing gela-
tin by heating it to a temperature of 50° C. in
a water bath. -

9.20. We cannot overemphasize the impor-
tance of exercising extreme .care in media prep-
aration ‘and also the necessity of using chemically
clean glassware. Detergents or other contaminat-
ing chemicals may act as disinfectants or alter the
pH of a medium. The medium will not have the
proper environment for the bacteria we are trying
to identify.

9-21. Quantity of media. The larger the vol- °

You can clean up a mess and-

~ §
takes to sterilize completely. As a general rule,
however. the quahtities of media you will be ‘pre-
paring in the lahbratory can be Merilized in 20
to 30 minutes df 121°«C. During autoclaving
there is considerable bubbling. Allow extra space
in the flask for this bubbling cffect to prcvent
overflow and loss of medium. As the medium
begins to boil during heating. it tends to cxpand.
An Erlenmeyer, flask is tapered toward the top.
so this constriction speeds up the rate at which
the medium can bubble over. ‘Using a larger flask
will climinate this problem. as we noted in the
example of a 2-liter flask to hold 1 liter of me-
dium. '

9.22. Filtering media. When you sterilize me-
dia by filtration because some of the ingredicents

would be destroyed at autoclave temperature. yogwf

must dissolve the ingredients slowly over low heéat
to prevent the breakdown of constituents and
formation of lumps which would clog the filter.
It is important that alt equipment and tubes be

_ sterile when using filtration and that you use asep- -
tic technique to maintain sterility of the filtrate.

9-23. Enriching media. When you need to
add enrichment materials to a medium, you must
¢ool the medium to a temperature which will not
altér or destroy the additives. As a rule, after the
medium has been autoclaved. it should be cooled
to 45 to 55° C. before adding substances such as
whole blood. ascitic fluid. albumin, or any ate-
rial which can coagulate or be destroyed by high
temperatures. * ‘ ‘

9.24, pHing media.” It is not usually necessury
to adjust the pH of a sterilized medium when
using the commercially prepared _powder. pro-
¥ided tHat you have carefufly followed the manu-
facturer’s directions. The final pH will be -as
stated on' the label.- When you are prepuring your.
own medium from a formula and stock chemi-
cals. however. you should check the pH with a pH
meter, and add a small amount of .a_ weak base
or acid as indicated by whether thé medium is
too acidic or too alkaline, respectively.

9-25. To use media for cultures. you must huge '

them in small, usable portions or aliquots. These
aliquots are dispensed into sterile containers suit-

able to whatever purpose that is needed. The con- .

tainers: may be Petri dishes. test tubes, bottles, or
glassware of ‘some specials design. Most impap-
tant, you must dispense the culture -material into
the sterile containers (glass or plastic) in such a
wily as to prevent cqntamination of the medium,
bubbles on the medium surface. and lumps .in
the medium. , :

@ 9-26. Preventing contamination. To prevent
contamination of the Medium, be certain that the
bench area is disinfected. It should be wiped clean
with any, of several disinfectants kept in the lab-

5
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“ume of material to be sterilized, the longer it
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Figure 28, Diagrany of typical slant culture.

oratory for this purpose. Leave the petri dishes
covered until you are ready to pour the medium.
then remove the tops only long enough to add
the meditiims Pouring should take place in an
arca free of air currents and away from other
taboratory uctivities which might cause dust in the
air. }

9-27. Preventing bubhles. Bubbles on the sur-
face of the medium can be dangerous to you.
They Glso create a problem in trying to, obtain
isolated colonies. Bubbles will catch and “spring”
a wire loop as it passes oyver the medium. This
spring or snapping cffcct may cause an acrosol.
that is. an airborne tloud of particles or droplets
containing infectious bacteria. 1t is also possible
for the wire toop to cut into the medium around
the bubble and in so doing be wiped free of most
bacterin. Very few bacteria will be left on the

loop to streak out for isofation as individual co‘lt-..~

onics.

9-28. To prevent bubbles in the medium. you
can use a sterile gauze over the opening of the
pouring flask. As you pour the medium through
the gauze. the bubbles are blocked and broken up.
When pouring. it helps to have the mouth of the
flask close to the petri dish to avoid splashing
and acration bubbles. ™ .

"9-29. Another good method to prevent bubbles
from accumulating on the medium surface. pre-
vent contamination. and make distribution of the
aliquots easier is to use an Erlenmeyer flask
setup. as shown in figure 26. This device allows
for & one-man operation. and more media can be
poured at any given time because many petri
dishes can be placed in position near the operator.
You can sterilize the flask and its contents as an
intact unit before pouring the medium. In figure
27. we show the flisk hung for dispensing

9.30. The -most common methQd to break up
bubbles on an agar medium surfadg is to gently
puss ot Bunsen burner flame over thé medium be-
fore it Aurdef% to burst the bubblel and allow
the mddium surfuce to smooth out. Take care.
howevef. not to melt -plastic petri dishes with the

. »n

v
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flame. If the plastic bottom lip gets soft and you
lower the top. the two parts may adhere to one
another making it difficult to separate them

_later on.

9-31, Preventing lumps. Lumpy medium re-
sults from allowing the medium to cool too much
heforc pouring. that is, to the point at which the
agar begins to solidify. A lumpy medium, al-

though suitable for bacterial growth, does pre--

sent some of the hazards described for a medium
which bubbles on its surface. A lumpy medium
does not usually have an cven distribution of nu-
tricnts. This gives problems when you try to in-

" terpret the results of your isolation technique. be-
causc the samc organism may give a different.

colony appearance on various parts of the plate,
and it is difficult to streak the plate. Do not allow
the medium to cool to the point -of solidification
before pouring your aliquots.

9-32. The use of test tubes to hold media is
universal. You can use test tubes to hold liquid.
semisolid. and solid media. You may allow solid
media to solidify in the tube standing upright or
tilt the tube before hardening to give a solid me-
dium with a slanted surface. All tests tubes must
be sterile and chemicaily clean. They must be
stoppered with cotton, gauze plugs, or plastic
plugs or ¢overed with metal lids. You may also
usc screw-capped tubes. Choose' the tubes uc-

. cording to the type of medium being prepared and.

the purpose of its usc. Thrift should not be the
main reason for using small test tubes to dispense
media; however. usc the smallest tube which
will serve the purpose. Some media-making in-
structions list the size tube in which the medium
should be dispensed to obtain best results.

9-33. Preparing slants. To prepare slants, dis-
pense the heated medidm into test tubes and auto-
clave it. After that, tilt the tubes by some means
to offer the proper slant area. Once slanted, do
not disturb the tubes until thg medium is com-
pletely gelled. In figure 28, we have shown a
correctly slanted tube. There should be ‘an ade-
quate butt and slant area if this form of medium
is to ‘be technically useful. The slant is commonly

~used in the identification of enteric organisms. It

53
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provides both an aerobic condition on the surface
of the slant and anaerobic conditions in, the butt.
Depending on the specific medium used, the size
of the butt can vary. A butt one-half the length of
the slant is usually satisfacory, '

9-34. Dispensing media. You can dispense a
medium into test tubes by several methods. Use
a funnel, rubber tube. and pinch clamp setup to
dispense spproximate amounts in each tube. The
best technique is to use an automatic syringe as
shown in figure 29 that measures the desired vol-
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ume. An automatic device is recommended be-
cause it is quicker, and consistent volumes are
dispensed. -

9-35. How you distribute medium aliquots will
depend upon the use to which you put the ali-
quots. Petri dishes give a large surface area on
which to spread a clinical specimen so that you
can get isolated colonies and pure cultures. Test
tubes allow a small amount of medium to be used
for such studics as motility, biochemical, and
physiological testing. On occasion you may need a
large volume of fluid medium for a culture which
needs a long incubation period. A blood culture
falls in that category. You can use screw-capped
bottles of assorted sizes to hold liquid or solid
medium.

9-36. After using a dehydrated medium, make
sure that you have replacgd the cap tightly on
the stock bottle. This tight closure prevents ab-
sorption of moisture from the air and keeps the
medium in powdered form. Store the bottles in a
cool. dry place away from windows and heating
equipment.

9-37. Rules for prepared media. Once you
have prepared and pourcd the medium and it is
ready for storing. you must observe the following
rules: .

a. Most commonly used media should be re-
frigerated.

h. Thioglycollate broth and semisolid media

\

should be stored at room temperature. If the thio--

glycollate broth shows a pink or red layer at the
surface. heat the tubes of media in a hot water
bath before inoculation to drive off the excess oxy-
gen before use. Heat the tubes only once; addi-
tional heatings make the broth unsuitable for
bacterial growth.

c. All plates should be mcubated at room tem-
perature in an inverted position for at least 18
hours or overnight to check for sterility.

d. When removed from the refrigerator. plates
should be allowed to warm to room temperature
.before use. Inoculation of a cold medium length-
.ens the lag phase of the growth curve and may
even kill some organisms.

e. Media containing a dve should be protected
from light during storage because some dyes break
down under strong light.

f. Condensation of moisture on tubes and petri
dishes due to refrigeration is. likely to increase
the chance of contamination of the medium in
those particular tubes and dishes. Surface areas
of media should be moist (not wet or dry) for
best results. A wet surface makes it difficult to
obtain isolated colonies and heightens the chances
of contaminating an area of the laboratory while
you are streaking the plate with a wire loop.

g. If media are to'be stored for more than.5

55"

~ days. tubes or plates/must be protected from de-
hydration by enclosing them in suitable contain-
ers such as a plastic bag. A dried medium, as
manifested by the medium retracting from the
edge of the tube or plate, or by a dry, dull sur-
face. should not be used because inaccurate re-
sults and abnormal growth will result.

9-38. Media Additives. There are many dif-
ferent reagents which you can add to media for
special purposes. Some reagents neutralize anti-
biotics which might be present in the specimen
from a patient being tréated foryan infection; oth-
ers promote growth of specific arganisms having
unusual nutritional needs; still others give instant
identification of bacteria by color. We will take a
look at some examples that you may run across
in your work in bacteriology.

9-39. Para-aminobenzoic acid. This substance
neutralizes the bacteriostatic effect of sul-
fonamides in culture media. Any medium that is
inoculated with a sulfonamide-containing speci-
men may require the addition of 0.0002 percent
para-aminobenzoic acid (PABA). If para-
aminobenzoic acid is not available. you may use
a similar concentration of procaine hydrochloride.
This requirement for PABA particularly pertgins
‘to urine, blood. and fecal cultures from patignts
who may have received sulfonamide therap

9-40. Sodium thioglycollate. This is incorpo-
rated in media not only to permit the growth of
anaerobic bacteria (because of its reducing ac-
tion) but to neutralize the bacteriostatic effect of
mercurial and silver disinfectants. Mercury com-
pounds are often used as preservatives in plasma,
serum. biologicals. and pharmaceuticals intended
for parenteral injection. You should use thiogly-
collate media to test the sterility of such products.

9-41. Antibiotic inhibitors.
stances which neutralize the activity of antibictics.
They are added tg culture media when clinical
material is suspec‘éd of containing the correspond-
ing antibioti or instance. you use the enzyme
penicillinase to inactivate penicillin, and also to
inactivate streptomycin to some degree. In cul-

turing blood or other body fluids containing peni-

cillin, you should add 1 ml. of penicillinase to
each 100 ml. or less of sterile medium. This
amount of the enzyme will inactivate 50,000 units
of penicillin. the highest level of antibiotic that
could be expected in 10 ml. of blood or other

’

These are sub- -

body fluids. One ml. also inactivates up to 1.000"

units of streptomycin. Penicillinase does not in-
terfere with the sulfa-inactivating action "of para-
aminobenzoic acid which may also be added to
the medium. Keep penicillinase refrigerated dur-
" ing storage. because this reagent. like many en-
zymes. loses activity at room temperature.
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9-42. Dyes. Dyes which ate incorporated in
media have selective bacteriostatic effects, :but
they are generally more active against gram-pos-
itive bacteria. Crystal violet, brilliant green, and
basic fuchsin are used in well-known selective
media. Thionin and basic fuchsin are used in dif-
ferentiating species of Brucella. If you are trying
to isolate streptococci in the presence of staphylo-
cocci, the latter can be effectively inhibited if you
add a 1:500,000 dilution of crystal violet to the

broth,or agar media. Add one milliliter of auto- -

ciaved aqueous 1:25,000 solution of the dye to
each 20 ml. of(medium.
9-43. Sodium, desoxycholate and other bile

to some organisms and noninhibitory to others.
Antibiotic media may be used in the selective
isolation of certain pathogens from specimens
containing many contaminating microorganisms.
For example. you may incorporate penicillin in
Bordet-Gengou agar in a concentration of 1 unit
per ml. of medium. The antibiotic will restrict
growth of some Gram-posikve organisms of the
throat and allow isolation of Bordetella pertussis,
the cause of whooping cough. Penicillin and
streptomycin in combination. or chloramphenicol
alone. may be incorporated in media for the
isolation of certain fungi from bacteria-contami-
nated specimens.

salts. In proper combination with other substancesa~  9-47. Sodium azide. This additive, which in-

in the media, they inhibit the growth Jf Gram- '

pcsitive bacteria. The addition of this inhibitor

is useful when we try to isolate Gram-negative
bacteria from clinical material in which both”

Gram-positive and Gram-negative " bacteria are
present. On desoxycholate agar the motility of
all flagellated bacteria is temporarily suppressed.
and the swarming of certain species of Proteus is
considerably inhibited. If citrates are also present,
as in desoxycholate-citrate agar or SS agar, the
bacteriostatic effect extends to some of the Gram-
negative bacteria, notably the nonpathogenic en-
taric bacilli.. Bile salts are not used successfully
in media to isolate the gonococcus, meningococ-
cus, or species of Hemophilus.

9-44. Potassium tellurite. When added to cul-
ture media in a final concentration of 0.01 per-
cent, this retards the growth of )most Gram-neg-
ative bacteria and permits the growth of
Streptococcus species and other Gram-positive or-
ganisms. A 0.03-percent concentration of tellurite
will inhibit most Streptococcus species, but
Staphylococcus species and the Corynebacteriae
are still able to grow. Potassium tellurite is most
useful in agar for the isolation of Corynebacte-

“xium diphtheriae. You can add it to broth to iso-
late Gram-positive bacteria, notably Staphylococ-
cus species from mixed culture material
overgrown by species of Proteus or other rap-
idly growing Gram-negative bacilli.

9-45. Chloral hydrate. 1f added to nutrient
agar in a final concentration of 0.1 percent, it
has little or no inhibitory effect on either Gram-
positive or Gram-fiegative bacteria. It does, how-
ever, prevent the swaPming of species of Proteus.
rendering them temporarily nonmotile. Unlike
bile salts and tellurite; chloral hydrate does not
“lake” blood {lyse red blood cells) and so you
may use it in blood agar plates without interfering
with the development of characteristic zones of
hemolysis by streptococci and other organisms.

9-46. Media containing antibiotics. Idgappro-

priate concentrations, these media are inhibitory

hibits the growth of Gram-negative organisms,
is also used in culture media to help isolate
hemolytic Streptococcus species from ghe respira-
tory passages. Special-purpose broth containing
glucose (0.02 g. to 100 ml. of broth) is tubed

‘in 2-ml. amounts. On the day the medium is to

be used..0.15 ml. of a sterile aqueous solution
of sodium azide (1 to 1.000) and 0.1 ml. of a
sterile aqueous solution of crystal violet (1 to
25.000) are added to each tube. Place material
obtained by swabbing-the throat or nasal passages
in the azide broth within 1 hour after collection.
After overnight incubation of the broth. muke
subcultures on blood aguar plates. The sodium
azide effectively inhibits growth of staphylococci
and permits the hemolytic streptococci to form
colonies. . .

9-48. ‘Biochemical Media. There are a wide
variety of media to test for biochemical reactions.
These reactions ure valuable tools” for getting
more specific identifying information on an orga-
nism isolated in pure culture. We will point out

~ the reasons for using biochemical media and cite

examples of the following:
a. Differehtial carbohydrate media.
h. Carbohydrate fermentation media.

9-49. Carbohydrates. including many of the
6-carbon and 12-carbon sugars such as glucose
and sucrose, respectively. are excellent sources of
energy for microorganisms. However. there are
great differences in the ability of bacteria. though
closely related taxonomically, to usc one or more
of these numerous compounds for cnergy and
growth. This feature is particularly helptul
you in distinguishing among the morphologically
similar facultative anacrobes which inhabit the
human intestinal tract—for cxample, the coli-
form bacilli. the typhoid organism. and the
salmonellas of food infection. _

. 9-50. Not only does the ability of an unknown
organism- to ferment glucose but not lactose tell




you a great deal. but the fact that the breakdown
of sugars is usually accompanied b’ the forma-
tion of identifiable byproducts is also important.
That is. you can test for the production of or-
ganic acids and certain gases which form in the
culture during breakdown of a carbohydrate
medium. Two differential media commonly used
to distinguish between closely related microbes,
Kligler's iron agar (KIA) and triple sugar iron
agar (TSI). are useful because they take ad-
vantage of fundamental differences in the physi-
ology of bacteria that seem identical from but-
ward appearances. . )
9-51. KIA contains lactose. dextrose, nutrient
agar. and phenol red indicator. TSI contains su-
crose in addition to lactose and dextrose. Color
changes in these media, caused by selective fer-
mentation of the carbohydrates, form the basis
for genus and species identification. KIA and
TSI aiso contain an iron compound which indi-
cates whether or not an ‘organism can produce
hydrogen sulfide (H.S). As fermentation pro-
ceeds. the medium is blackened through the' re-
action of H.S and iron to form iron sulfide.
9-52. The study of reactions in KIA and TSI
differential media usually leads only to tentative
or presumptive identification of an organism.
Identity must be confirmed by other means such
as the fermentation of additional sugars and sugay
alcoholf, or by serological procedures. This situa-
tion coges about because bacteria belonging to
related Yut different genera sometimes’ give iden-
in one or more of the reactions seen
in KIA and TSI media. For example. some
species of Shigella, Aerobacter, Escherichia, and
Proteus yield both a yellow slant and butt in a
TSI cuiture tube.* The presence of gas bubbles
and H-S production can often be used as dis-
tinguishing characteristics. but in general, reac-
tion on differential carbohydrate media serves as
a preamble to.further steps in identification.
9-53. To study carbohydrate fermentation by,
bacteria. you must choose a proper basal medium.
One broth base which you can use is made up
of pancreatic digest of casein and sodium chloride
dissolved in water with no carbohydrate present.
Add the appropriate test carbohydrate (e.g., su-
crose. mannitol. inulin) and an indicator such
as bromcresol purple or phenol red. and the pH
is adjusted. The medium must have a specific pH
to detect cuggohydrate fermentatioge In the pres-
ence of un indicator. 4 change of pH due to
accumulation of bacterial products gives a visudl
indication of fermentation. Specific reactigps on
differential and carbohydrate media will be
shown later in our study of individual genera of
the pathogenic microorganisms.
9-54. Biochemical Tests. Over the years. many

- %

lechaniques have been developed to give informa- . (plb
tion beyond that gained by observing growth on
differential carbohydrate media such as Kligler’s
and triple sugar iron agar. For the m(}st part.
however, these techniques still depend on the
detection of breakdown products of protein and -
carbohydrate metabolism. or. oxidation-reduction
‘reactions and fermentation patterns typical of
some bacteria but not others. The procedures
" discussed in the followigg paragraphs are repre-
sentative of the special “tests commonly used.
a. Indole production.
b. Nitrate reduction.
c. Methyl red and Voges Proskauer test
{MR-VP). )
d. Proteolytic activity.
e. Milk fermentation.

9-55. Indole production. This procedure is
based on the ability of certain organisms to split
the amino acid tryptophan to alanine and indole.’
You can detect the liberated indole by adding
Kovac’s reagent (para-dimethyl-amino-benzalde-
hyde). A red color indicates positive indole pro-
duction. There are several media available for
this purpose, but in all*cases,' be certain that
tryptophan (in the form of peptone) is presen
in the medium. :

9.56. Nitrate reduction. Many bacteria are
able to rcduce: nitrate to nitrite (NO;NO.), a
property which helps us identify them. Use a
-broth or solid agar medium which. contains a
source of nitrate. such as sodium nitrate
(NaNO,). Incubation will produce frothing in
the broth medium and cracks in the agar as a
resuit-of nitrate reduction and subsequent nitro-
gen gas production. Add sulfanilic acid and di-
methyl-alpha-naphthylamine to develop the pink
or red color - which indicates the presence of
nitrites. :

9.57. Methvl red and Voges. Proskauer
(MR-VP) tests. These reactions are used fre-
quently to differentiate certain bacteria of the
enteric groups. The methyl red test is used to
identify organisms that ferment: dextrose and pro-
duce acids as final end products. The test is
based upon a change in the pH of Clark and
Lub’s broth. An indicator -dye. methyl red. turns
the broth a yellow color when the pH is greater
than 4.5. This is a negative MR test. A pH of
4.5 or less will turn the solution a distinct orange-
red or red. This is a positive test.

9-58. The Voges Proskauer test is based on
the ability of some organisms to produce a neutral
end product. acetyl-methyl-carbinol. from an acid -
resulting from dextrose fermentation. Dextrose
is fermented to pyruvic acid to acetaldehyde to

R




acetyl-methyl-carbinol. A few drops of 5 percent
alph-naphthol in absolute alcohol and 40 percent
potassium hydroxide are added to a broth culture.
A positive test develops a copper or red ¢olor,
A yellow color is regarded as a negative est.

9-59. Proteolytic activity. This activity of bac- -

teria is another aid to their individual idertifica-
tion. Some bacteria produce enzymes which
break down protein and. protein derivatives., For
example, they can liquify gelatin and cause co-
agulated egg albumin te become fluid again. You
can use gelatin liquifaction to detect this pro-
teolytic activity in the laboratory, but you can
. also use coagulated serum as a test medium.
Celatin liquification is frequently used to dis-

tinguish the genus Aerobacter from other mem- .

bers of the family Enterobacteriaceae, primariy
the genus Klebsiella. Coagulase-positive Staphy-
lococcus species usually liquify gelatin.

9-60. Milk fermentation. The changes in &
milk medium caused by bacterial action take
several forms. Lactobacilli, or 'Streptococcus lac-
téis, sour milk by producing lactic acid. These
organisms are used commercially to prepare but-
termilk, sour’ cream, yogurt, and other dairy
products. Gas and unpleasant flavors are pro-
duced by Escherichia coli or other coliforms
which ferment milk with less acidity. Our con-
cern is with the reaction of the coliform bacteria.

9-61. Fresh milk has a pH of approximately
6.8. As an empiricalNor natural medium, milk is
ideal for culturing many microorganisms. If you
add indicators such as litmus or bromcresol pur-
ple to skim milk, you can detect the changes
taking place during fermentation. Litmus milk

bas a differential value based on lactose fermen=

tation, reductiop of litmus, coagulation of milk
pro\fin_s, and digestion of the casein. You can
' L)

determine different degrees of acidity (lactose
fermentation) or alkalinity by the color of the
indicator. Reduction of litmus is shown by its
decolorization. '

9-62. Coagulation is seen las clotting of the
milk_ (curd formation) due to the accumulation

of acid, which produces a firm clot that does
not shrink. If lactose is not fermented at all; or
ferments slowly, clotting may also result from the
action of a rennetlike enzyme ‘which forms a soft
clot unaccompanied by marked acidity. Diges-
tion of the casein. indicated by a partial or com-
plete -clearing of the milk. may or may not be
preceded by coagulapsn. .

9-63. Stormy f€rmentation is- a term used to
describe a'reactiop in milk produced by Clostri-
dium perfringens (Welchii), one of the organisms
that cause gangrene. The reaction is the result of
rapid coagulation -of milk proteins followed by
active gas production which results in tearing of
the clot. THis reaction is not as specific for Cl.
perfringens as was formerly supposed, and some
strains of the organism produjr:: this effect slowly
and only under special conditions.

9-64. There are many types of media, each
with a variety of uses. The p'r“eceding paragraphs
have given you a basic explandtion of how certain
reactions take place and theig role in identifica-

- tion of bacteria. As we proceed with the dis-
cussion of various bacteria and their growth and
identifying characteristics. we" will discuss other
special media or additional -tests as they are
needed. For you who afe interested, there are
many text books available to you in medical
libraries and clinical laboratories which detail the
biochemistry and metabolism of bacteria in vari-
ous environments.
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Inoculation of Media for Isolation of Bacter

t
ITTLE PROGRESS was made in associating
< bacteria with specific diseases until Robert
Koch devised solid culture media¥well after the
midpoint of the 19th century. This was dis-
cussed briefly in Chapters 1 and 2. Thus, pearly
200 years had elapsed before Koch’s pure culture
techniques permitted a systematic study of the

. single-celled organisms which Van Leeuwenhoek

observed in his microscope in 1676. -
2. As soon as means were available to isolate
individual bacteria and cultivate them in the

~ laboratory. advances in the knowledge of infecti-

ous diseases came rapidly. In 1877 Koch proved
the causal felationship between Bacillus anthracis

and anthrax in domestic animals. Other patho- -

gens were isolated in quick succession during the
1880s by Koch and other investigators who had
adopted his methods: the tubercle bacillus, the
cholera vibrio, the pneumococcus, and the etio-
logic agents of meningitis. diphtheria, and tetanus.

3. The major problem in diagnostic bacteri-
ology of that era is the same problem we face
today in the clinical laboratory—how to separate
~pathogenic microbes from harmless organisms
with which they are closely associated in nature.

CHAPTER 4

v

[

dures developed over the years for subtulturing
the colony enable us to seléct the conditions of
erowth best suited to bring out the morphological
and physiological characteristics which. experi-
ence has shown will establish the idefitity of un-
known organisms. .o

5. Long before Koch introduced the “soncept
of pure cultures, other researchers,

task of classifying bucteria on the basis of their
microscopic appearance. His work was carried
on under the severe handicap of having ‘to ob-

seyve singie-celled organisms in ‘their natural

state. that is to say, without the aid of dyes to
improve the resdlution of eell shape, size, and
internal structures. Koch made a second great
Contribution to the science of bacteriology by
developing staining procedures to accentuate the
morphological featurés of bacteria seen under
the light microscope. Today. as we know, stain-
ing techniques not only furnish an inyaluable
means of tentative identification but also serve as
a guide to the culture methods which we must
choose to confirm the identity of an unknown

. microorganism.

From the moment of birth the human body is’

heavily populated with bacteria representing
many different genera. Some of these microbial
populations are transient. but others are resident
in the sense that they can almost always be re-
covered in large numbers from the skin, the body
orifices. and- the intestinal tract—the .so-called
.normal flora, : . *
4. As Ko%% demonstrated many years ago. the
essential first step in identifying an organism is to

. segregate it from the varied mixed populations

found within our bodies. in soil. in water, in air
and on objedts in our external environment. Once
a single-celled microorganism is immobilized on
a solid culture medium suitable for growth and
reproduction. its progeny provide us within the
space of a few hours the material needed for cul-
wral studies—an isolated colony visible to the
naked eye. Beyond this point. different proce-

~
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10. Isolation and Cultivation of Bacteria

n almost every case the pus, urine,
ther clinical specimen submitted to the
contains more than one kind of orga-
nism. Th¥ organisms may all be pathogens; or
one or more pathogens may be found among
several saprophytes. There are several ways of

* obtaining pure cultures from mixed - populations,

although more than one method may have to be
used. in processing a single specimen. For- ex-
ample. filtration of a large volume of liquid may
precede the plating of material extracted from
the diquid. The choice of methods. or combina-
tion thereof, depends upon the nature of the
specimen. These arc the commonly used proce-
dures: . '

e Plating (streak or pour plates).

e Subculturing.

I notably
Ehrenberg in the 1830s, began the monumentai |

10
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Figure 30. Procedure for streak plz;tc.

e Dilution.
» Filtration.

Iy

10-2. Plating. Streaking an agar surface to iso-
late bacteria is routine at one point or another,
with almost any spécimen received in a bacteri-
ology laboratory. But to be successful in separat-
ing organisms in a mixed population so that in-
dividual pure colonies grow on the surface you
raust follow certain basic techniques.

10-3. Streak plate. The streak plate technique
uses glass or plastic dishes (petri plates) contain-
ing a solidified nutrient agar. Streaking is ae-

complished in the sequepce of steps shown in

figure 30. Collect a loopful of inoculum on a
flame-sterilized wire loop needle and streak it
over approximately one-quarter of the agar sur-
face. After flaming the loop again, rotate the
plate slightly and streak another quadrant of the
agar surface. Notice in the second step (fig. 30)
that the loop passes through an area of the plate
that has just been inoculated. picking up orga-
nisms deposited by the needle in its ecarlier sweeps
across the surface. Continue this pracess of dilut-
ing and spreading the inoculum over the medium
until the entire agar surface is covered. As you
continue the streaking. fewer and fewer cells are

dispersed by the loop. and finally single cells . *

are spread across the -agar. Each cell will grow
into a visible' colony under suitable environmental
conditions. If you are culturing clinical material
on a cotfon swab, you can roll the swab -over
a small area of the agar surface at-the edge of the

plate. Then. spread the inoculum with a wire

logp as just described.

10-4, Although many agar base medm are
available for your use, a blood-enriched peptone
agar is ‘usually the medium of choicé for the pri-
mary isolation of fastidious pathogenic bacteria.
As u routine matter. the streaked plates are in-
cubzted at 37° C. for 18 to 24 hours in the

- inverted position. followed by examination of iso-
lated colonies. grossly and microscopically, for
characteristics of various genera and speties. You
can “pick” pure cultures by touching the center
of a colony with a wire needle and subculturing
the material to suitable broth or agar media for
additional tests.

10-5. Remember, however, that sqv\e?l orga-
nisms may clump together. during inoculation of
a specimen to an agar plate. The resulting
growth will be a mixed colony which is often
difficult to recognize as such. Bacteria of dif-
ferent species will obviously produce an impure
colony, yielding atypical results in biochemical
tests employed for identification purposes. This
situation points up the value of studying a stained
slide ‘of the growth. at the time the colony is
picked for further tests. If the slide reveals that
the colony coggists of more than one type of
bacteria. you nﬁstﬂeilher select a different colony
from the plate or ¢lse restreak the colony origi-
nally chosen. Restreaking from  one -.plate to
another is one form of subculturing to obtain
isolated growth of mixed flora.

10-6. Pour plaie. The'pour plate technique for
sccuring isolated colonies also generally involves
. blood agar. Culture tubes of sterile infusion agar
or other suitable basal medium are first melted in
boiling water. After cooling the medium to about
48° C. in a water-bath, add sterile defibrinated
blood aseptically. Then. inoculate each tubed
blood-medium mixture with a sample of the speci-
men or broth culture. mix gently and dispense it
to a sterile petri dish. Since your specimen inocu-
*lum may hold too' many microbes to yield widely
spaced -colonies on the pour plate. it is a good
idea to prepare a second platc containing a
dilution of the inoculum. You make this dilu-
tion -by mixing a leopful of material from the
specimen in 5 or 6 ml. of sterile broth or saline.

} - 60
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Then, add one Igopful of this diluted specimen
to u tube of blood medium. and pour the medium
into a sterile petri dish as before.

10-7. When ‘the medium solidifies, individual
cells of the inoculum are immobilized in various
areas of the agar. During incubation each cell

will multiply to form a visible colony. To make *

subcultures or prepare stained slides from pour
plate cultures, pick: growth from individual col-
onies within the agar using a sterile needle. The
pour plate offers an advantage 'if you want to
perform bacterial counts on vatious types of
specimens; however, the pour plate procedure is
more time consuming than is the case of streaking.

10-8. Because of the time factor, blood agar
pour plates, as opposed to streak plates, are
mostly used to determine the type of hemolysis
produced by strains of streptoco The “O”
hemolysins of beta hemolytic streptococci are ac-
tive only under anaerobic conditions such as
those provided by the depths of t¢he agar pour
plate. )

10-9. Subculturing. After you have obtained
isolated colonies by the streak plate or pour plate
technique. you usually need 'to transfer - (sub-
culture) them to tubed media for further study.
There are rseveral different configurations in

ed media, each develope%a/&peciﬁc pur-
ose. but we will limit our disuSsion to the fol-
lpwing types:

e Liquid brqth cultures.
Slant cultdres. )
e\ Stab cultures.

10-10. Liguid broth cultures. These: are used
to mairitain the viability of an organism by suc-
cessive transfers to fresh medium; 1o grow a large
volume of liquid culture for inoculati§n to dif-
ferential or fermentation media; or to study
motility. To inoculate a broth culture, use a wire
loop to pick a colony from a plate. Epfulsify
this material on the moist wall of the tlbe just’
above the liquid level, and wash down the solid
matter by tilting the tube. If the inoculum is

" ,Jiquid instead of growth from a colony, Simply

place a loopful in the broth and disperse it by
gentle agitation., A word of caution, though: if
you swirl the lodp too vigorously. droplets will
escape from the tube and contaminate the sur-

_rounding air. The resulting aerosol can. infect

you and your fellow workers. Don't forget, too,
when transferring broth cultures with a pipette.
to use a cotton plug in the mouthpiece to prevent
accidental contamination of yoyr lips and mouth.

10-11. Slant cultures. Slant cultures are used
for biochemical tests as well as to maintain stock
cultures in the laboratory. We learned earlier in

"6l

-

.

Chhapter 3 that “slants” are tubed agar media

~ that have been allowed to harden in a near-

horizontal position to give a large surface area
for bacterial growth. You prepare them by
streaking an inoculum over the slant surface from
bottom to top. If the slant contains water of
condendation at its base, drain the moisture out
by inverting the tube before inoculation. Do not
spread the water over the surface of the slant
becauir? the resulting growth will not give a char-
acteristic appearance. ' v

10-12. Stab cultures. These are-also used in
biochemical tests. especially for anaefobic orga-
nisms. You can make stabs with a straight needie
into tubes of solid or semisolid medium (not
slanted) which hardened in a vertical position to
give great depth and a small surface area. You
should center the stab line, and extend it approxi-
mately two-thirds of the depth of the medium.
Insert the inotulating wire straight and evenly to

Later. these bubbles could be mistaken for gas

oduction. - In some instances, the features of
stab and slant cultures are combined. For in-
stance. the differential medium, triple sugar iron
agar, described in the preceding ghapter is both

Coid tearing the medium and creating bubbles.

a slant and $tab culture. It is used to detect sugar -

fermentation as well as H.S production in the
samié tube. P

10-13. Diluting. In the description of a pour
plate technique we-~toughed on the advisability
of diluting the inoculum from a clinical speci-
men to insure that well isolated colonies would

~ grow out on the plate. You can also use'dilution

cultures to éstimate the number of bacteria in a
specimen. A urine sample, for instance, may con-
tain so many bacteria that it would be impossi-
bie to obtain separate and ppre colonies by plat-
ing the undilutefl urine. Diluting this specimen,
say 1:100 and 1:1000 in saline, not only assures
isolation of colonies, but allows you tc make a
colony count. Multiplying the number of colonies
on the plate by the dilution factor tells you the
number of bacteria per ml. of urine. In this cal-
culation, each colony is assumed to be the pro-
geny of a single bacterium present in the original
specimen. S

10-14. Filtering. Filter cultures are a means of
cultivating bacteria on a .solid surface without
using specific solidifying agents. A technique de-

veloped sby the Millipore Filttﬁ?y‘wrationa uses

a very thin, highly porous membrane filter made

of cellulosc acetate, colloidon, or similar materia

brane holding the trapped bacteria op“a conven-

y J!Fge apparatus and technique for its use 4Are described m
fully in ADM-40. Techniques jor Microbiglogical Analysis. ’136“;
edition. Millipore Filter. Corp, Bedford,/ Mass. o

)
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.4 MODIFICATIONS

of this publication h'-*s(have) beenh deleted in

ads@‘.ing this material for inclusion in the "Trial Implementation of a

Model System to Provide Ii}itary Curriculum Materials for Use in Vocational

and Technica.l Education. .

Deleted materials are corpynghted and could hot. be

duplicated for use in vocational and technical education.

8

tional agar medium plate as you see in figure 31,

and the bacteria will grow to colony size right on
th¢’ membrane which absorbs nutrients from the
medium. Figure 32 shows typical growth of
colonies on the filter after incubation. Filters of
this type can be adapted to many uses, but they

are pagticularly advantageous under condmons -

in which you must collect and identify a few

.bacteria dispersed in & large volume of Air or

water.
\& A o»

_temperature, pH, moisture,
.62 |

~
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11. Initial Isolation Procedures
11-1. Specimens from many sources contain-
ing a wide spectrum of bactena constitute the
orkload of a bacteriology section. In setting up
cultural conditions favorable to isolation of the
diverse species found in clinical material, you
should keep in mind the growth, parameters that
we discussed in the previous chapter. Incubation
the proper gaseous

&
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atmosphere, and suitable nutrients all come into
play in establishing an ideal environment for
propagation of pathogens in the laboratory. In
this chapter we will present a fibw chart for each
type of specimgn, outlining the primary isolation
media and noting the organisms usually sup-
ported by each medium. - Specific reactions for
identifying - the organisms will be discussed in
greater depth in a later chapter of this volume

. and in Volume 2.

11-2. Throat and Nasopharyngeal Swabs. The
selection of media for culturing throat and naso-
pharyngeal specimens must be broad because so
many different genera may be involved. In fig-
ure 33 we have diagrammed a flow chart to
follow in working vour cultures. ° he’ pathogenic
organisms most often found in the throat and
nasopharyngeal area include species of beta
hemolytic streptococci, Staphylococcus aureus,

S /
S
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Coryne?acterium diphthe" e, Borrelia vincentii,
Hemophilus, and Bordetella™species. The genus
Bordetella now includes B. “pertussis, which
formerly was classified as Hemophilus pertussis.

11-3. For routine cultures, inoculate_a blood

agar plate by either “the streak or pous plate
- method, generally the former. Blood agar%

entiates between the several types of hemolysi
(lysis of red blood cells around the colony) and

furnishes the nutrients required’ by many fastidi-'

ous pathogenic''bacteria. Incubate the plate at
37°.C. in a candle jar for 24 to 48 hours to
provide a slightly higher than ambient carbon
dioxide (COQ.) environment. The increased
CO: is not harmful to the other pathogens and is
required for isolating Neisseria meningitidis, the
agent of epidemic meningitis. Chocolate agar
(heated blood) is preferfed by some strains of
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N. meningitidis, so in addition, streak a plate of
chocolate agar, in cases of suspected meningitis.

11-4. It is a good idea to make two or three
slanted cuts in the ggar with a loop in the heavily
inoculated area of ﬁ streak plate. This will allow
subsurface growth of streptococci which produce
the “O" hemolysin under anaerobic conditions.
Another technique to detect the_hemolysin is to
place a sterile coverslip on the surface of the
streaked plate, over the slanted cut. The medium
beneath the coverslip is devoid of atmospheric
oxygen, permitting the “O” hemolysin to form.
You have already learned that pour plates as well
as streaked plates, are often used in studles on
streptococcal hemolysins.

11-5. You should inoculate a part of the spe¢-
imen into thioglycollaute broth. un exgellent gen-
eral -purposc medium which supports theé growth
of both aerobes and anaerobes. Before you inec-
ulate the tube of thioglycollate, check to sec
whether or not the broth has changed color. The
normal bluish color is due to an indicator, methy-
lene blue. which turns pink when atmospheric
oxygen diffuses into the medium. If the pink
¢olor 15 scen below the upper one-third of the

tube. you must heat the medium in boiling water

ty drive off dissolved oxygen and then quickly
cool it. Do not reheat the tube more than once,
because repeated heatings alter the chemical
cemposition of the thioglycollate froth.

11-6. The type of growth in the thioglycollate
medium (sediment, pellicle, floccules) gives a
hint of_ the next step to take in identification.
You should then subculture sorganisms seen in
the broth and incubate them further under acro-
bic or anaerobic conditions, dcpending on the
level -at which the growth appeared within the
thioglycollate medium. A pellicle on the surface
shows the pgesence of an aerobe. Conversely,
arowth deep in the tube must have been formed
by un anaerobe. so you should incubate sut-
cultures anaerobically in this instance. The Gram
rcaction and morphology  on a staincd slide of
the bacteria in thioglycollate medium will suggest
the type of medium and.atmospheric enwron-
ment to be used in subculturing.

11-7. Inoculate a part of the throat or naso-
‘pharyngeal specimen to a slant of Loeffler's
serumt nfedium and potassium tellurite medium
if Corynebacterium ‘diphtheriae is suspected: The

< organism growssout on Locffler’s in 18 to 24
hears at 377 €. You should allow the potassium
teltusite ygur tg incubate at 37 7 C. for 48 hours
“10 allow the formation of the gray to black colony
pizment charucteristic of C. diphtheriae. I the
physician wants to rule out whooping cough. he
may ask for a “cough” plate uf Bomdet-Gengou
‘medium. By this technique, the patient coughs

v

-
>
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directly onto the surface of the plated medium,
and Bordetella pertussis expelled in saliva drop-
lets appears as isolated colonies on the surface
of the selective medium.

11-8. If you are looking specifically for staph-
ylococcn, it helps to streak a medium containing
mannitol and a high concentration of sodium
chloride in . an. effort to isolate pathogenic
Staphylococcus aureus in minimum time. A me-
dium such as mannitol salt agar is selective in
this respect. Colonies which produce a yellow
discoloration of the medium are mannitol fer-
menters, The fact that growth has occurred in

a high salt concentration is presumptive evidence:

that the organism belongs to the genus Stapky-
lococcus. You must necessarily follow with con-
firmatory tests as to genus and species.

11-9. One of the enteric media such as eosin-
methylene blue, MacConkey, or Endo agar will
aid in isolating Gram-negative -bacilli that may be
present in the throat. Recovery of Proteus spp.
and Escherichia coli from throats of young chil-
dren is common.

11-10. As part of the-initial processing, make -

a direct slide smear from the specimen, particu-

. larly_if Vincent's Angina (Trench Mouth) is

suspected. It is best to use a separate swab, but
if only one swab was received, prepare the smear
after the culture media are inoculated. As - a
rule, glass microscope slides are not sterile. If
slides are smeared with the swab before the
plates are inoculated, there i8 a good chance that
the media will bc contaminated by organisins
which were not present in the specimen.
11-11. Sputum, Bronchial, and Gastric' Wash-
ings for Acid-Fast Bacteria (AFB). You can fiid
a wide variety of organisms, some of them highly
infectious, in cultures of these specimens. In fig-
urc 34, we have shown a laboratory processing
scheme “for . successfully lsplatmg representative

" microorganisms. The specimen is usually derived

from a true or suspicioned case of pncumonia or
tuberculosis. Generally, the physician will specify
that he wants “acid-fast” or tuberculosis studies.
Otherwise, you set up routine procedures that
will grow out bacteria other than Mycobacterium
tuberculosis, which requires special processing
steps. Organisms most likely to be isolated from
sputum and’ other specimens in this category are
$aphylococcus aureus, Streptococcus spp., Din-
lococcus pneumoniae, Klebsiella pneumoniae,
Heniophilus spp., Bordetella pertussis, the yeast-
like Candida spp., and Mycobacteriunt tubercu-
losis.

11-12. You'can do practical and efficient iso-
lation of these organisms, except for the tubercle
bacillus, by inoculating bleod agar, enteric media
and thioglycolfate broth in accord with the cul-

6
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Sputum, Bronchial, and Gastric Washings

¥ A
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|
lEoutine Cultur;;] ! l\\;\\\

\M[

erculosis Culture;1

Blood Apar

Incubate in
Candle jar at
370C. for 24
to 48°hrs.

v

[~

-

1

Thioglycollate Medium

Aerobic
- 379¢C.

incubation at
for 24 hr.

EMB, Mac, or Endo Media

AFB Stain

Concentrate Specimen

Acrobic incubation at
‘370 C. for 24 hr.

Organisms most
likeiy to be
found

Staphylococcus
Streptococcus
Diplococcus
Hemophilus
KlebsTellu
Hordetella pertussas
Neis .eria
Ischerichia
torynebsicterium
Mmiphtheroids

if organisms arc grown,

< subculture to appropriate
media and incubate
norolbcu L1y or anacrobically.

Ziehl-Neeclsen
L-or Modified
‘f Ninyoun stain.

If growth is scen,
identify using enteric
media.

)

)

o~ .
Oraanisms most likely
to be found.
KlebsielTa
Proteus
Pseudomonaxs

*ptional M3y gt
time jdentaifying
voliforms.,

Figure 34. ' Flowchart for processing sputum, bronchial and gastric washings.

J7

.

Innoculate sediment
t) two tubes of,
Petragnani's
Lowenstein-Jensen,
or other suitable
‘media.

fncuhate onc tube at
259C., the other at
379C. for at least

4 weeks.

*Ship positive spetimens
to rceference labs for
confirmation studiesx.
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tubercular specimens.

.

. tural conditions we established for throat and

nasopharyngeal swabs. You should also prepare
a smear to check visually for bacteria in the
specimen.  Remember. a stained $mear) gives
only a rough indication of the number a kind
of organisms present. If the stain is"done prop-
erly, however, the size. shape. and Gram reac-
tion of the microbes will serve as a guide to
subscquent culture procedures.

11-13. For acid-fust studies (AFB) you need
speciid media, and the sputum specimen, itsclf,
is handled differentlv. If a routine culture is
requested i addition to a culture for tubcrcu-
losis (TB). you should set-up the routine wark
before you start TB processing, or else you must
usc two separate specimens: This
because the drastic digestion and concentration
technique for isolation of the tubercle bacillus
destroys other microorganisms in thg sputum.

11-14. Collection. A sputum "(not saliva)

specimen must be collected cither carly in ¢

morning or over a 12 to 24 hour period (never
longer) to produce a representative. sample. Gas-
tric specimens should also be collected carly in
the morning from a fasting paticnt, and on three
successive  days. XQu)must process stomach

- washings without delay because the highly acid

vastric juices will inuetivate the tubercle bacillt.
Bronchial and gastric washings are coltected only
by a ph_\sxu.m Dircet smears and concentration
procedures should be instituted as soon as possi-
ble after collection of the specimens to inshre
recovery of wiable acid-fast bacilii.

11-15. Direct smear. Tubercle bacilli from an
active case are highly infectious. A hood is
strongly recommended for processing possibic
It is also a wisc precaution
in hundling sputum with a loop to dip the needle
in phenol before flaming the tip to reduce con-
tamination from “sputtering” uas the specimen
incinerates. '
select pukulent, dy. or cuscous material to
prepare dirct ars. You may usc cither the
Ziehi-Ncelsen stam or the Modificd Kinyoun. or
both to stain the smear. Studics have shown that

-

»

is necessary

In exam'ming a sputum specimen.

at leifst 100.000 bacilli per ml. of sputum must’

be present if we cxpect to find TB organisms
microscopically.  Regfirdless of whether acid-fast
forms arc scen on tife slide. vou should concen-
trate the sputum to increase your chances of
isolating the tubercle bacillus in culture.

11-16. Concentration. There are several good
concentration techniques which do not destrdy
the tubercle bucillus and which also reduce the
risk of infection to the techniciun, Concentration
techniques are based on the principle of breaking
down tissug in. which Mycobacterium ~tubercu-

\ losis is trapped. while ut the same time destroying

\J
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other, less resistant microbes which might later
overgrow the tubercle bacillus during cultivation
on isolation media. We are using sputum as a
typical specimen in this discussion; however,
the digestion and concentration techniques are
equally applicable to bronchial and gastric wash-
ings. ¢ ,

11:17. Sodium hydroxide. - trisodium  phos-
phate, or commercially available enzyme prepar-
ations arc*used in the. digestion process. * Treat-
ment of sputum samples with sodium hydroxide
(NaOH) is one of the most widely used tech-
niques of concentration. It is a simple procedure
which involves: first, adding 4 pereent NaOH
in a volume equal to that of-thc specimen and
shaking the mixture, preferaply -on a mechamcal
shaker, to homogenize the specimen. The second
stcp consists of centrifuging the sediment and
decanting the supernatant liquid into 5 percent
phenol disinfectant. No later than 30 mirutes
after adding the NaOH, you ‘should titrate the
sediment to a neutgal cndpoint with hydrochloric
acid (HC!). Portions of the sediment are then
ready for preparation of additional slides. cultur-
ing, and animal inoculation.

11-18. The strqng alkali, NaOH, offers three

advantages: (1) it is quick. (2) it produces less
sediment during digestion. and (3) it yiclds a
neutralized scdiment  (after  HCl  treatment).

which dogsn’t iFritate animal tissucs. This last
factor.is important in reducing the number of igst
animals which become sick or die as a traumatic
result of the inoculation rather than from infec-
tion with thc tubercle bacillus in thL sediment.

11-19. Trisodium phosphate also has a diges-
tive effect. It is especially useful for samples which
cannot be processed immediately, for those which
‘have large quantities of mucus, and: for speci-
mens that are to be mailed to a reference labora-
tory. Exposure to trisodium phosphate for 1 day,
or longer, will digest the specimen and inhibit
‘growth of microbes other than the TB orgamism,
however, this reagent is less inhibitory than”Ma-
ubercle bacilli remain viableceven after a
week’s exposure to trisodium phosphate.

11-20. You begin the process by mixing the
specimen with an cqual volume of 13 percent
trisodium phosphate  (Na.PO,.12H.0)
screw-cap bottle,  Agitation on a mcchanical
shaker helps to speed up digestion. (Mailed
specimens are usually digested by the time they
rcach their destination.) ~After ¥ou - centrifuge
and discard~the supernatant. wash e sediment
with sterile saline and centrifuge it again. Then
the sediment is ready for slides and culture.

11-21. The n-acftyl-l-cysteine (NAC) tech-
nique is a relatively new enzymatic digestion

l
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procedure.  Mucoproteins in sputum and mucus
specimens are readily dissolved by a solution of
the’enzyme in weak NaOH. The main advantage
of the NAC technique is greater survival of the
tubércle bacillus during the digestion process be-
cause of the lower concentration of alkali present.
If the sputum is very viscous. you can add a
small amount of NAC gowder directly to the
specimen. Otherwisé, add an cqual volume. of
the digestant solution to the sputum in a tube
and wait until the specimen clears (5 to 30
seconds). Let the mixture stand for an additional
15 to 30 minutes. .

- 11-22. After digestion is complete, neutralize
the NaOH with M715 sterile phosphate buffer
and centrifuge. Pour off the supernatant fluid

~into a disinfectant solution, being careful not to
disturb the sediment. To this sediment add 1.0
ml. of bovine albumin (Fraction V) to serve as a_
buffer against pH change during growth of the

79

will develop a progressive and usually fatal dis-
ease. The lesions can be seen in any arca of the
body; however. invasion of the deep tissues sug-

gests a mycobacterium of high virulence.

11-26. Body Fluids. Spccimens that you will
be asked to culture include spinal. synovial,
pleural, pericardial. and peritoneal fluids. These
specimens are collected by the physician from
the spinal column. joints, and cavities of the

- lungs, heart, and abdomen. Among the orga-

culture. Mix well, inoculate culture media, and

prepare slides” for staining. . .
11-23. Smear of concentrate. Y,gu should ex-
amine air-dried, heat-fi#ed smears Of the speci-
men and of the concentrated sediments for
acid-fast bacilli. The previously mentioned Zichl-
Nezlsen and Modified Kinyqun stains are widely
nged. Both use basic dyes in conjunction with
‘other constituents that increase pentrability of
Jthe dyes. In the Ziehl-Neelsen method, heat is
applied to drive the stain into the cell. The Modi-
fied Kinyoun method uges a wetting agent, Ter-
gitol 7, for the same purpose. Once the cell is
stained, acid-alcohol will not, remove the iight
pink (acid-fast) color from the stained cell. The
background is stained ‘with methylene blue and
servzs as a color contragt for the pink tubercle
baeilli. t/ ’ -
11-24. Culture. You.can culture the sediment
on a variety of media, but Lowenstein-Jensen.
Petragnani's. and Middlebrook 7H10 agar ‘are
commonly used. The first two are egg-base media
which require a prolonged incubation period. (up
to 8 weeks). The Middlebrook medium is solidi-
fied with agar and grows tubercie bacilli more
rapidly (about 3 weeks). The major drawback
in its use is the need for a 2- to 5-percent CO..
a2tmosphere. However, a CO: incubator, candie

jar, orsa culture of Mycobacterium phlei sealed -

in 2 plastic bag with the cultures will provide thc
correct proportion of gases.

< 11-25. Animdl inoculation. Animal inocuda-
tion is a valuable diagnostic tool tq detcct tuber-
cie tacilli when only a few organisms arc present
in a speci The test alsor gives an indication
i Inject cultures

acid-fast organisms
. ’

eally into guinea pigs. The

nisms which you ‘may encounter frequently in
these body fluids are - the following gencra:
Neisseria, Diplococcus, Streptococcus, Staphy-
lococcus, Hemophilus, and occasionally Myco-

-bacterium.- One of the fungi chiefly responsible

for men_ipgitis is Cryptococcus neoformans (tor-
ula). .
-11-27. Again, you mist consider whether to
usafroutine or acid-fast techniques. and this is
usually determined by the physician’s provisional
diagnosis. Since clotting is a factor to be con-
sidered in specimens of this type. you should
usually add sterile heparin to prevent clotting
while processing is underway. ®f -the volume of
fluid is small, you can culture the entire speci-
men. Otherwise. vou should centrifuge the fluid
and examinc and inoculate the sediment to°
media according to the scheme shown in figure .
3s. . .
11-28. From the “origin of the specimen in, =
decp tissues, we can surmise that microbes found

~in bodw flujds are using an anacrobi¢ form of

" plates, one chocolatc agar plate and onc tube of

-

or concentrated |
cal spécimens subcutaneously or intraperi- -

respiration.  Hence. the procedute for isalation
differs slightly from that described for specimens
from the respiratory tract. You should inoculate
a portion of the specimen to two blood agar

thioglycollate medium. You can use an enteric

medium ‘as well if the direct smear ofs the sedi-

ment reveals Gram-negative rods.” Incubate one

blood #agar plate and thc- chocolate agare platc .

under COs tension in a candle, jar. *Incubatc the

second blood agar plate anaerobically in a

Brewer jar for at least 24 hours at 37° €. The

thioglycollate medium is incubated and subcul- .

tured as previously described. If acid-fast studics -

are indicated, you should inoculate TB media .

with an aliquot of the bhody fluid and prepare an

acid-fast stain.™> . S
11-29. In addition to" the usual Gram . stain.

do an India Ink preparation of the sedimént to &

rule out infection with Cryprococcus neoformansy., 4

or onc-of the other pathogenic fungiq Mix .a

small drop of India Ink with a drop of the sedi-

ment on a microscope slide. If C. neoformans

is present, a clear area—or capsule—will belout-

linedsurrounding the individual or budding cell.

In thg case of a positivegsmear. the fungus media -

x
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. Exudates
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u

Gram Staan Blood Agar Chocolate Agar EMB, Mac, or Endo Agar Thioglycollate Medium Saboraud’s Medium

Incubate in, Incubate in Aerobic incubation Aerobic incubation . 1] Aerobic incubation
candle jar at Candle jar at -

. _ at room temperature.
379C. for 370C. for 24 ] ‘ T
24 hours. hours.

0 g
- Examine for anaerobic growth . Y
Organisms most : )

‘ | }ikeéy to be If anaerobic growth is seen,
ound. subc i
. . subculture on media of

Organisms most Aerobacter © choice. [ l'athogenic
likely to be Klebsiella 0 rungio
. found. : Escherichia k
Grganisms Neisseria i PYOtCUS
most likely to Pseudomonas
be found.
StaphyTococcus
Streptococcus
Bacillus
Hemophi lus
ﬁastcurclla *Uptional -- may
L:zzsg;onas save time in
Lscherichia éﬁf?};:ﬁ;"g
Klebsiella )
Aerobacter
Neisseride

Suspect -- Clostridium

]
Figure 36. Flowchart for processing.exudates.
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listed in flgure 35 should be inoculated with the
specimen for incubation at both 37° C. and room
temperature. Most fungi have an optimum tem-
perature for growth lower than the 37° C. hody
temperature.

14-30. Cycloheximide (acidione) is "an anti-
biotic commonly added to media to inhibit bac-
teria and saprophytic mold growth in fungus cul-
tures. Cryprococcus neoformans however, ¥s one
of the few pathogenic fungi sensitive to the addi-
tive. In figure 35 we have specified blood agar
and Sabouraud's agar without cycloheximide;
but if the stained smear. suggests a pathf)genic
fungus other than C. neoformans, you should
add the inhibitor to the isolation media. .

11-31. Exudatgs. In Chapter 2 we defined an
exudate as ‘“material . . . passed through the
walls of vessels into nearby tissues or arcas of
inflammation.”  Dorland* expresses it this way:
. . . any adventitious substance deposited in or
“on a tissue by a vital process or a disease.” The
bacteriologist usually pictures an exudate as fluid
yor scmiliquid material collected from wounds.
- skin lesions. tissue abscesses. infections of the eye

or ear, and similar pathologic, conditions. -

11-32. Most of the microbial pathogens known

to man have been isolated at one time or another
from exudates. Examples ofd.hls diversity were
. given in our carlier discussion of specimen col-
lection and handling (Chapter 2, 3-13). As a
matter of routine practice, therefore, cultite ine-
dia are selected which will support growth of
most of the commonly found aerobes and an-
aerobes (fig. 36). The anatomical origin of the
exudate, and the morphology of orgadisms seen

in direct ‘smears of the specimen often serve as a

guide to the choice of isolation media.

11-33. For instance. Gram- -positive rods found
mlcroscopncally in a stained exudate from a dcep
wound would suggest infection with species of
Clostridiium, the anaerobes associated with gan-
grenc and tetanus. In this case. you would em-
phasize anaerobic procegygres by incubating a
streak plate in a Brewe& in addition to inocu-
lating thioglycollate broth. Similarly, if an exu-
datc reveals veastlike forms or branching struc-
tures typical of fungi, we would watch, closely
for growth on Sabouraud’s agar or one of the
other media designed for isolating the pathogenic
fungi. '

11-34. Urine Specimens. The urinary tract can
play host to a bacterial infection at a number of
different pomts ~dhe kidney; the ureters, which
transport urine to the bladder; the bladder, |tself
nd the urethraI passage leading to the external

~\* Dorland. W.AN., The Amerlcan@"uumud Medical Diction-
2ry, 21st Edition, 1947. W.B. Saunders. Philadelphia & London.

p. 533

orifice. . While one might cxpect the urinary tract

“to be frec of microbes in a normal individual,

samplings have shown that apparently hcalthy
persons often void thousands of organisms per
ml. of urinc without clinical evidence of disease.

11-35. The finding of bacteria in “normal™
urine has raised controversy as to the significance
of a qualitative urine culture in detecting disease.
Most physicians feel that the quantitative aspects
are more significant than just the presence or
absence of microorganisms, per se. Consequently,
there_is a trend.toward reliance on colony cournts
as an aid to diagnosis. - .

11-36. It is now generally accepted that a
bacteriuria (bacteria in the urine) of less tht.n

® 10,000 organisms -per ml. of a “clean catch” o
— “midgtream” voided utine has little SIgmflca"me

as an indicator of disease. Counts ra\lgmg frcm
10,000 to 100,000, however, suggest an infzc-
tion; and colony counts- larger than 100,000 cer
ml.. indicate a discasc state. Since bacteria can -
multiply in urine allowed to stand at room tem-
perature, speedy processing of specimens is es-
sential in performing colony counts. To demon-
strate this point, let’s assume that freshly voided
urine contaigs only 1000 organisms per ml. With
a generation time. of about 20 minutes—not at
all unusual among microorganisms—these 1000
cells tan reproduce to a level of 130,000 per :nl.
within 2 hours and 20 minutes.

11-37. Counting Techiiiques. Of the several
techniques available for counting bacteria in tie

_urine, tw@awill be”described “here:-

e Dilution plating.
o Calibrated loop plating.

. ! L
11-38. Dilution plating. .In the first of these,
an aliquot of the thoroughly mixed urine speci-
men is diluted 1:100 and 1:1000 in sterile saline.
Then 0.1, ml. of the original specimen-and the
same volume of each of the two dilutions is
transferred to the surface of separate, blood agar
plates for streaking with a loop needle. The
number of colonies appearmg after incubation.
adjusted for the dilution factor, glves the ,buc-
terial content of the original urine specimen.

"Thus, if 400 colonies grow out of the 0./ il

undiluted aliquot, .the urine contains 4000 orga-
nisms per mi. (10 X 400).. You would expect
then, to find only about 4 colonies growing on.
the plate streaked with 0.1 ml. of .the 1:100
dilution, (4 X 10 X 100), and none on the
1:1000 dilution plate. :

11-39.. Calibrated loop” plating. The . second
technlque calibrated loop plating, is more con-
venient in that it avoids the time- consumlng act
of preparing dilutions of the urine in saline. Wite
loops are available which hold a measured vol-
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ame of urine. for example. 0.01 or 0.001 ml.
\ dip of the flame-sterilized loop into the speci-
men picky up @ reasonably accurate volume of
drine to be streaked on an agar surface. 1f you
multjply- the number of colopies by the dilution
represented in the calibrated loop. the result gives

vou' the. number of bacteria present per ml. of .

spreinien. _

11-40. Since some’ of the microbes which
cause urinary tract infections “don’t grow well. or
at all. when surface-streaked to blood aga® it is

wsually w wise precaution to inogulate ‘scveral .
other culture media (fig. 37) with the sediment

from u centrifuged urine specimen. Althougly the
urine might well contain o nixed population of

. . . A ..
grganisms. a Gram stain of thy sediment  will

often guide vou in your choice of these supple-

muentary  niedia, ' : .

[1-31. Uriné specimens suspected of harbor-
in2’ the tuberele bacillus require a special con-
Ceentration “technique;  First, o 24-hour pooled

wpecimen is preferred., Start concentration by

_adding 2 or 3 grams of tanaic acid to the pooled
arine. sheking the sample thoroughly “gnd “letting

the niixture stand’ ovesnight in the refrigerator. -

You can further concentrate the brown precipi-
fate which farms if you decant the supernatant
liquid and pack down the precipitate by centrifu-
dation.  This packed sediment is ready for inocu-
lation to the TB média listed in figure 37. for
staining,, and for guinca pig inoculation.

R AL Fecal Specimens. The human intestinal
ract normaly. swarms with billions of microor-
TLAnISmS,
that well over half of the dry weight of the stool
comsists of bicterid—both viable und dead cells.
While some of the organisms found at any one
nme’ in the intestine are transient. having been
mgested with foad and water. many species must
he considered normal flora. Of these latter spe-
cies. perhups Exclrerichia coli is.the best known,

e

snee it is universally aceepted as an indicator «§\

feeal pollution in twesting the quality of water an
food. ' -

the intestines comprise representatives of  many
Gram-positive .and  Gram-fegative genera.  Cer-
tain of the Gram-positive forms are. capable of

» citsing disease. us ip the case of staphylocoecal |

focd poisoning: but our furemost concern in fecal
craltures i with | the Gram-negative  microbes
“which give rise to some of mankind’s most preva-
fent and debilitating infections.  We, have . refer-
cnce There to the enteric discases:

fections, ad a variety of other gastrointestin
disturbances, ‘

9

It has been estimated in this regard -

typhoid and -
*paratyphoid fevers, bacillury dvsentery. food in-

. fEssy

1144, As a bacteriologist, your job is to carry
out a serics of isolation procedures. which wili.
wsuccessfully sort out the pathogens from the

. morphologically identical and taxonomically re-

lated saprophytes whose numbers predominate.
Success calls for ingenuity in your choice and ‘use
of assorted enrichment. sclective, and inhibitory
media. Our procedural steps generally take the
foljowing séquence: ‘

- (1) Enrichment.

(2) Primary plating.

(3) Pdnification plating.

11-45. Enricinent. Enrichment is a device to
increase the relative number of pathogens at the
expense of-'the enteric saprophytes so that the
pathogens will not be overgrowd -on a primary”
plating medium. Enrichment consists of inocu-
lating either tetrathionate broth or selenite broth,’
or both, with 2 to 3 grams of fgces or 2 to 3 ml.
of @ stool suspension in saljnc. Afters 18 to 24
hours of incubation at 37° C., subciilture the

- dbroth to onc or more of the plating media shown

*in figure 38 in order to obtain isolated colonies

for study. Tctrathionate broth is Somewhat toxic
to Shigella species, so it is wise to set up a

sclenite enrichment tube along with-the tetrathi-

-onate. s o '
11-46. Primary plating. The choice of a pri-
mary plating medium’ depends to some exteut

oh what organism the physician suspects of cats-

ing the disease in his patient. . As a matter of
routine, however, it is best to inoculate several
of the available plating media in order to increase
the probability of a positive isolation. These
media_differ sufficiently in nutrient constituents.
selcctivity, and inhibitory effcgts so that no one-
of them can be said to serve as a completely
satisfactory medium for all enterics. C

~ 11-47. The media listed at the cxtreme left
.in® figure 38. cosin-methylene blue - (EMB)3, .

MacConkey’s~ (Mac), Endo and desoxycholaie
agar permit growth of most enteric organisms.
They also distinguish between nonluctose  fer-
menters (most pathogens) and the. usually harm-

less Jactose fermenters.  Color differences in the -

olonics permit’you to spot the pathogens. Sal-
nionellasshigella (S-S) agar. on the other hand.
is actively selective for growth of the two genera
from which the name of the medium is derived.
It slows down rcproduction of the saprophytic
coliforms and allows pathogenic Gram-negative
species to emerge. An' added feature of S-S
agar. beyond its selectivity, is the color distinction
in colonies of pathogen and nonpathbgen based
on ability to ferment .lactose. Bismuth sulfice
agar is highly inhibitory to all enterics exccpt

‘the typhoid bacillus and certain of the other

-

o
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v solating Sabnon
iwvplioid bacteria are sought in water. stools. or

| .,“

A !
Salmaneila sPccic» Duc to this inhibitary .ac-
tiop. the plating nmygdium is regularly used for
w tvphi (S. 1yphosa)  when

food.
341-48. Since primary plating -media support

¢ . - N .
the growth of most enterie discase producers. us

. technician, you will often streak onc or more
3 these media dircetly from the stool specimen

b the same time you inoculate the enrichment

broth. If you gel a positive isolation o a
areaked plate. vou awill have saved 18 to 24
hours in identifving the causative Serganism.
11-49. Puritication . plating. In any event,
colonies of stispected pathogens (nonlictose fer-
menters) on primary 'plating media arc usually
picked and - restreaked w0 MacConkey's. EMB,
or one of the other’ formulations listed in figure
3% (0 provide a source of pure cultures for study
on differential media. Jn some cases. of comtsc.
vou can circumvent this purification plating step
if well-isolated colonies ¢f pathogens appear on
the primary plating medium. The -blictericdogist
can then, proceed diréetly to the inoculgtion of
fubed differential agar. such as Kliglers or triple
sugar iron (TSI) agar. to expedite species iden-
tification. ‘ C, .
11250, Much gh our discussion of steol cul-
tures has focused on means of scparating lactose-
positive- (fermenters) from lactosc-negative (non-
fermenters) microbes among. the” Grum-negative
gcncrnn. Those which utilize factosc as a source
of enerey, e.g. E. coli. can alwgys be found in
stool specimens. They. hold ljttle clinical signifi-
cance except in oceastonal obtbreaks of _infant
diarrhea. ’

_igeal growth _cnvironment for some of our

~

" «
entered from * the intestine, a skin lesion. the

fungs, the urinary tract, or some other site, the

bacteriologist can aid in diagnpsis by culturing
a blood sample and identifying the -microorga-
nisms he finds there. o

L #-53. Blood cultyres. Since “blood. used “n
conjunction with other nutricnts, furnishes an

fhstidious pathogens, it is not surprising  thad
blood cultures are widely used. and with & great
deal of, success. It would: be impractical to pre?
sent cven a partial list of the infectious discase
agents which have been isolated from jhe blood-,
stream. With few important cxceptions, any
bacterium which has” beén . propagated in  the
laboratory can be isolated by blood culture techs
fiques.. Tt,is worth remembering, however, that
a4 bacteremia is apt Jo be transicnt or intcr-

. mittent. or to occur only during one well-definsd

phasc of a given diseasc. For this reason, succes-
sive bldod cultures over a period of time are
usually indicated before the existence of a boc-
teremia can be ruled out.

11-54, conventional practice, you use the
blood obfained fromea patient by, venipuncture as
part of
might by present ‘in that specific blood sample.
One of the several available meat infusion or
peptone broths forms the major component -of
the medium. Add the blood in S pgrcent con-

centration. At a higher concentration the natveal

bactericidal properties of fresh blood would pie-
vent growth of many of the pathoggenic species.

11-35. The Castancda technique of blood cul-
nﬂ'e employs ‘a rectangular bottle containing a
solid slant of nutrient rpec}ium in additidn 10

mosi

e medium to grow out bacteria which ’

re

t

e 11-51. The intestinal Gram-positive cocci are | broth. Organisms in the bBlood adherd ta’ the
cometinies of interest to the physician, and these agar slant, ‘gnaking it rclafively casy to pick col- .
forms can be grown out on bloed agar plates.  conics for staining. By contrast, in the aforemen-

) On blood agar. however. vou oftep  encounter. tioned conventional broth culture technique. you

) overgrowth by Gram-negative enterics. and puri- must. subculturc organisnys dispersed ghroughout
fication plating to ‘a sclective medium  becomes the fluid medium to strcak plates to obtain iso-
pecessary. Fecal streptococci can be subcultured Jated colonics. This obviously involves more
o Streptococcus  faecalis medium (SF) which time before: you can cstablish identity. '
contains sodfum azide to inhibit Gram-negative 11-56. Steps in pr(?ces:\‘ing a blood specimen.
enterics.  Similarly. mannitol salt agar (MSA) In figure 39 we have outlined the steps ih proc-
will permit growth in isolated colonies of Staphy-  essing a blood specimen for culture. Draw suifi-
lococei -to the exclusion of most other organisms. — gient blood for two culturg bottles. onc for acro-

11-52. Blood Specimens. In some microbialin- bic cultivation at 37" C. and the other for
fections a bacteremia, occurs as one phase of - unacrobic incubation under incrcased CO. ten-
- the discase process. “Bacteremia” imply means  sion. Examinc the bottles visually cach day for
‘ that bacteria arc present in the blood strcam. $21 days for evidence of growth. Negative cal-
. Septicemia is a term used to characterize a bac- . tures tend to remain clear during incubation. As
@ . remia with serious pathological manifestations—  our chart shows, a Gram stain of the fluid in
14 so-called bloud poisoning caused by pathagenic  positive culture bottles will indicate the subeul-
microorganisms and their toxic products. Regard-  ture conditions and media you must sct up to
less of whether organisms circujating in the blood cstablish identity. :
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(S mg. "¢ ) in the culture broth.
i introduce the cnzyme penicillinase into the”

“urcthra.

11-57. There arc onc or two other. points to
remember in performing blood cultures, Idcally.
the specimen should be drawn before the phVSl-
¢ian hegins antibiotic  therapy. I therapy has
already been started. however. you card somctimes
ovefeome the bacteriostatic effect of drugs carried
ovgr Lo the medium in the blood samplc By
imfing the blood inoculum to § pereent of the
wtal volume of culture fluid. the antibiotic is
thereby  dituted to a concentration” that should
fall below the inhibitosy level. You éan counter?,
act sulfonamides in the blood specimen by in-
corporiting  para-aminobenzoie - acid, (PABA)
In addit®n. you

3

culure to neutralize penicillin and “streptomycin
in the blood inoculur For antibiotics which
have no specific umid(w‘:cs.__\'ou must rely on” the
dilution factor and the natural breakdown of the
drug during the prolonged blood cullurg incuba-
tion period. .

1 1-58. Qenitourinary Secretlons. Therc are a
number: ot bacterial genera which give rise to
infections of the lower urinary tract and the
These infections wr¢é sometimes revealed
by secretions from the external genitalia,  Aside
from the gonococcus which gauses the, venereal .
diseise, "onorrhm or \puuﬁc urcthritis as it is
often labeled. LnlLrI(. organisms can find their
way mto the edfntiourinary passages and incite @
pathological response. Moreover,. microbes that
are  usually considered  normal flora on. and
within the genitals occasionally  become pd[hu-
gende when their environment is altered.. as by a'

dide often discloses a mixed’ population of micro-

A :

cxpressed by the patient from his penis. . Inocu-

lation of culturc media and slide preparation

follows. Prompt inoculation is indicated because
many of thc organisms found in genitourinany

infcctions are cspecmlly susceptible to drying.

11-61. Tissue Specimens. Orn occasion the bzc--
teriologist. will be asked to culture tissue, usually .

_in gssociation with submission of the specnmm

for hmtopathologlcal examination. Spceimens are;
obtained  during . surgital hiopsy or autopsy
proccdures; they may consist of fluid as WL" as..
a solid tissue comppnent. :
11-62. Culture the liquid according 7to the ‘
processing scheme for body_fluids  (fig. 35). Or-‘.
dinarily, you plant a fragment of the solid, tissue. .
in a liquid mediugn that supports growth of bo.h
acrobes and dnachbes In this regard. thlogl)col— -

Tate medium is “ideal -as ‘a general-purpose -ne-

dium: In many cases the pathologist’s gundanu '
is.valuable in sclection of culture conditions.
That is, a lupg lesion’ m:‘[ be typlcal of tube cu-
losis, or & liver nodule found at aufopsy.fmay:
appear characteristic of one or another of the
systemic bactgrial infections. .

i1-63. A stained slide %rcpared from the
fiuid specimene or ‘an impression smear from
solid tissuc frequently points to - the choice of
media to be inoculated. The Gram stain reac-
tion, the cell shape, und the prescnce. or abserce
of unusual nmrphnlouml features are LSpCCld“y
uscful i in this respect.

12. Stain Technology

12-1. It is almest axiomatic that microscopic

. It is not surprising. then, that mest
stammg procedurcs prove lethal to bacteria. So-

bial cells. The presence of Gram-negagivey in-
tracellular  diplococci. i.e.. within  the  host's called " vital or supravital dyes are availablg to
leukocytes. is usually “diagnostic of gonorrhea. stain cells internally without destroying life func-

7 hioglycollate medium and one or more cnterie
mudia serve to grow out the intestinal tract in-
habitants and anaerobes which might be asso-
ciated with the disease process. Blood agar and
chocolate agar under CO. tension will promote
growth of the various genera fisted in figure 40,

[1-60. The specimen is normally collected on
2 wwab.  Swabbed sceretions from female pa-
tients dre always Sbtained by the physician. but
male patients may be sent to the laboratory for
collection of a,specimen. In this case the techni-
ciun touches ;Js(crilc cotton swab to the sccretion

-<

“state.

tions. but these dyes havc only limited useful-

ness in routine work. The staining techniques ~
vou most frequently usc begin with a fixation’
process that quickly kills all cclls on the slide.

Fixation not only makes the cells adhere to the

slide during staining, but it also reduces the haz-

dard of handling exposed smears of living patho-

genic organisms. . - . .

12-3. There arc a foew circumstan’ccs which
requirc you to obscrve bacteria he. liYig-
The circumstance most oflcn encount red
in clinical- laboratory practice is detectigh of-

R

r

change inthe state of the host’s  mucous mem- L . S Lok :
sv o dxamination of a.stained slide is the first tusk ‘.
srancs. Such jnfectious processes are sopctimes . e s . R .
- we undertake in identifying bacteria. Staining Is .
referred to as non.\‘pccmc urcthritis. H
6 . nccessary because -most of the smaller internal | %=
L'1-59. Figure 40 suggests the cultural condi-
tons ‘s ou <hould provide in attem fing to isolate and external structures of the cell-arc otherwisc Y
N My oviac alte t ate 3.
p P invisible. Indced, certain of these structures Le- « 4
“bucteria form genitourinary sceretions. A stained i
come -visible only after stains are applied ‘in con- -3
slide prepared from the specimen. is helpful in IR
Junct»on with intense hcat or strong chemicass. (¥
guiding vou to 4 choice. of media. although the it

S
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motility. Later in this section, we will describe
the \wet mount or hanging drop technique of
studying unstained bacteria. But, first, we must *
Jreview some” precautions in- the proper prepara-
tion of smcars, discuss certain fundamentals of |
- stain“echnology. and explain some of the soutinc
and special staining prncudurus performnd -daily
by the bacteriologist. -

- 712-1. Smear Prepamnon. Tere are thrcp im-
poriant pmnts to keep in mind when v0u preparce
smears for staining:
(n Always usc. clean slldu )
(2) Muke more than one slide of a- s%cixﬁcn.
(3) Air dr) the’ smear completgly. -

A

4 7

It is csséntial to- use _only clean, unmarred OIass
shdes because oily 'deOSlls. scratches, .and resi-
dues’ of previous snfears lo“er the quality of the
xlkunud slide.

"12-5. You should generally make two or more
vsmears {rom the same specimen for a number of
reasons: the first slide might stain imperfectly:

\puml stain could be - callcd for after initial
llllLl‘ObLQplt_. obscrvation; and multiple . smears
Zive a more rcp.rcscnmli\x picture of the bacteria
?ruuu in the specimen.

12-6. Air drying. Complete air dr\mg of the
smear lays the groundwork for a umform stain.
It is always tempting to hasten the drving proc- -
¢ss by heating the wet slide with a Bunsen hurncr
but the risk of “¢ooking” the <meared cells so
that .they do not-stain typically dictates against
the applmmun of a flume. [t is permissible when
time is short to placc the wet slide on the lab-
oratory -bench near the base of “the "Bunscn
burner so that -heat radiating downward from
the flame will accelerate drying. An alternative
is to place the slidc-on a warnr microscopc
lamp. but dctermine’ beforchand that the lamp
is mercly warm and not hot tosthg, touch.

12-7. Transferring specimen. There are also
several things to remember-in transferring a spec--
“inen to the shide. Pus and serous exudatés take
the stain better. if you spread them as a- -thin
film over a large area of the slide. Moreover.
musses of “leukocytes and red. cells are apt to
obscure any bucteria present if the smear is too -
“thick. For smcars of sputum or feces, select
small flecks: of mucus or°blood tinged particles.
These clements, arc more likely to yicld ofga-
nisms bn  microdcopic examination.  You must
first Lmuls'i'fy swabs containing dried matgrial or
meager specimens, in a drop of sterile saline on
- the_ slide" before spreading the film.

‘ 12-8. W¢ have already noted that ﬁpccimtns-
of urinc. spinal fluid. ind other body fluids yicld -
positive results more often if scediments® are col-
lected from thg liquids by .centrifugation. Tr'_mg.- -

s : ‘_ I
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- Spread the sediment to make an even film.
working with sediment and other specifiiens (cx-

-smear is ready.for staining.”.

fer some of the sediment to a sllde usmg a foop -

néedle or o clean, wooden applicator stick.
In

cept those in which blogd and ‘tissue cells preser.
a complicating factor), make a thicker smear”as
a rule than you ordmar\x would in $tdining bac-
terial cclls from broth or ‘solid media. The coa-
centration of microbes ‘n clinical material is geu-
crally much lower than in laboratory . cultures,

12.9. Preparingiliquid smears. Smcars of lig-
uid (broth) chltiifes arc.prepared by dcposltmb
a loopful of the delum on a glass slidc. If the
broth is highly turbid, spread the droplet over an

~arca slightly smal__ r. than the size of a_dime.

When growthjis séant, you may find it necessary
to use 2 or;3 loops of broth to prepare a cou-
centrated film. Bacterial growth on solid mecia
presents a _different problem. Pick sa minute
amount of material from a pure colony and emul-
sify it in a drop of fresh (bacteria-free) water
on a glass slide, Picking is best done with

‘straight .inoculating ncedle. The suspension of
-organisms should be only slightly cloudy, other-
wise the smear will be too thick for microscopic -

obscrvation of individual cells.

12-10. Heat-fixing.
smears and -allowed the slides to -dry in the air,,
you must-“fix” them by
2 Bunsen burner flame, smear side up twe or
thrée times. The slide will feel slightly warm bt
not hot when you touch ‘it to the back of yeur
hand.

be charred and alteru( in morpholpgy. Heat also

tends to modify. the pH ‘of the cellular materiyl, ©
- )

~a change that will consequcntly affect staining
pmpurtlcs. Hecat-fixing causes the smear to adhere
s0 it will not be washgd off the slide during the
: the
If & number of rou- -

smmlng process. When the slide has cooled,
tine cultures arc to be examined using the samc
kind of stain, it is a practical idca to prcpa'c
scveral .smears on a single slide..

J2-11. Staining Procedures. Bacteria are colon-
Iess and transparent in their na;ural state. For

_the most part. fine structures are not visible un-

less you accentuate them by imparting a: color
to the cell. The st%nmg process serves a dual
purposc. The dyc in the stain provides a visual
contrast between various ‘components of. the cell,
or between the cell and its background; sccondly,

the dyc cdating cxpangs thc difensions of -the

sntaller structures and thus improves the resotu-

.tlon of the light microscope. X

12-12. Description, _From the chemical %t.um-
point a dye IS an organlc compound, usually
structured of benzene rings and side groups which
are- specific Q)r each dyc One such che

N

l\.l..

After ;you "have , made

If the slide &,Lts too hot. the bacteria will -

~

passing the shdc {hroux:h




group, the chramophore glveﬂ [hL dyc molcunlc
. its characteristic color. If the. chromophorL is an’
L ' anion (negatively charged) in;solution, the dye
_ is_said to be an acid dye,
3 o thromuphorc {positively - dmrl,cd ion) denotes ot
' basic dyc. Eosin, one of the- dyes’ |nc0rpor.md
in%he familiar EMB agar fof tohforms, is typical
3f the acid dyes. Methylene ‘blug.. crystal ‘violet,
basic fuchsin. and safrzmm .are’ !
basic. dyes.
1213, In addition to the appllcanon of a dve
to the smeared specimen, other: ‘reagents are usu-
ally employed as adjuncts in the staining prucess.

m g
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A mordant is a substance that flxes a dye to the -

. cell and thereby prevents the - dyc from bung

- removed by decolorizers, The. iodinc ‘reagént in

‘the Gram stain is a prime example of & mordant.

s . Todinc combines with the crystal: violet to prevent

_ wash_;,gg/dut of the dye during deeolorization of

+ - Gram-positive organism with acctone-atsghol so-

- lution. A decolon-er in this instance acetonc-

alcohol. is a chemlcal solvent used deliberately -

to remoye a dye from the material. being stained. ,

A counterstain refets to a secondary dye Wthh

‘followys i .Sequence the application of (or re-

moval of) the principal dye in. a- stmmng proce-

aure. Counterstains are useful in “developing. a

- c¢olor contrast, as in hlghllghtmg specxal structural
Zeaturés of a cell.

. 12-14, Categories of stams' For the sake of
convenience," staining’ procedures- can’ be classu-
fied into these four different cateoorles

(1) Direct stains. . o

.- i . (2) Indirect stains. S -
g (3) Differential stains.” e o
(4) Selective stains.

S . 4 L

. : In direct stuining, a dvc s - applud 10 bicteria
' ' j) bring into view the gcneral characteristich of
cell morphology, such as shape,-size, and group-

ing. Indirect stains color the chkgro,u_nd so that

., the cells stand out in contrast, but the bacteria.

-« themselves, do not take the dye. India ‘ink prep-

arations exemplify this type of stalnmg Differ-

ential stains are used to dlﬁtlnnmsh between

. morphologically similar orgarisms on Ihe basis of
P . the relative affmlty of cells, or- cdlular ‘compo-
nents, for a given dye. The Gram stain. which

A - we will discuss shortly, is perhaps the best known
. ‘ J examp@f"a/'s\f{eremml bactel‘lologlc'ﬂ stain.
' : “Selective” stains, as the term lm»p|lC§, brmg out
» ) specific structural features such as’ flagella. " cap-

" sules, or spores. . B TR D N

[2-15. The exact mechanism of dvc action -is
‘not fully undcrstood in c.uﬁ cage, huat’ we do
- know that some dyes undLrao a- firm “chemical
union with cellular compgnents. With other dyes
the staining involves W\' a phyﬁlcnl absorptlon

Convcrﬂcly. a cationic”

. the (|\'

S e ' o
_.or simple coating acton at the cell surface. In

'gcncrul the uctd dyes combine with basic ¢le-
‘ments of the cytoplasm to give an evenly stained
appearance, But many bacteria. and notably the
l’u.zu'urellu spevics. exhibit “bipolar™ staining be-

cause cellulur constituents concentrated at both

ends of the cell stain’more intenselv or accumu-

late d\c to- a greater extent lhrﬁ other arcas,

ommonly used - ‘Basic dyes tend to combine with the nucleie acid
’ the nuclear

compoans of the cell: but since
matcrml in *bacteria s diffused thruu"huul the

" eell, lhw‘b.mgdvu demonstrate gross murphulm.\
as. well as certain internal structures.

[2-16. Reagents usced to stain bacteria can be
@ source of -crror if not properlyy prepared or

"lpplltd The concentration of, the dye. the con-

ccnlr‘mon of b.utcrm, and the time duringwhich

determinc wh.lt the final color pattern will be.
You must check’ ¢ach set of stains for the” proper
timing. scquenca. if you arc to achieve Optimum
results.’
tions wull often aid you “in”interpreting ‘staiming
reactions. * As an example. old Cl;#uru..parllcu-
‘larly broth cultures. contain ddd. dying. or
atyplcal cells Wwhich will not stain uniformly. Bac-
teria -grown in ‘a carbohvdrate broth niay not
" yield “typical results, particularly if the carbo-
. hydrate has becn fcrmLmed wnh [hL prod,uc!mn
of -acid. roe

= 12-17. With the forggomo lnfurm.nlmn of
general naturc as background. we can touch on
several of the more important differential and
selective sfins. Two of these, the Gram and acid-
‘fast staining procedures.. are performed’ several
“times daily in a busy. medical laboratory. C.np\ulg
and gpore ‘staips, while not“donc. routincly. ilius-
tratet the technically complex selective stamning
procedures that ‘the “hacteriologist s ¢ lled upon
to perform from time to’ time. :

12-18. Gram staining. "Most b.ulcrm can bhe
classificd into one of two categories.on the hisis
of the Gram staining reaction: Gram-positive or
Gram-ncgative. If the cells of a culfure repuin o
crystal violet dyc (cells are purple or blue) after
‘washing with alcohol or acetone-alcohol mixture,
these bacteria arc said to be (‘r.un—posmvc Celis

decolorlzerq and subsequently stain red with «
safrarfin counterstain are termed  “Gram- -negi-
tive.” The knowhedge of whether an .orgunism
is Ggam-ncgative or-positi¥e is critically impor-
tant because this information limits the number
‘of genera “which must be considered in iden-
tifying an unknown bacterium.
12-19. The mechanism of the Gram stain®is
-not fully known., The property of heing Gram-

s0° . 1ug

is in- eontact with the mlcronra.mlmh‘

And. too. a l\ﬂOWlLdQL of culture condi- -

N whlch rclease crystal violet under treatment withr

)
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positive appears td” be associated with a’ ribo-

¢ nucldt acid component of the cytoplasmi¢” mem-

A ¢

)

’

°

.~

“fore.

* when properly performed and interpretéd.

. these
-.aging.

" best results, vou should pgepare Gram stains on

L. . 2 -
Joe completely dry gefore heat-fixing.

branc. This region of the buttc}.ial cell- has ap
affinity” for the .crystat. violet-mordant (iodine)

complex formed dumng the’ staining proccdure. ’

Gram-ncgalive: organisms do not show this afs
finity.” It is true that crystal violét and. iodinc-
penctrate both Grym-positive und 'Gram-nega--
tive cells- but these Teagents onfy. form “a stable

compound- in the Gram-pgsitive cells.  Bacteria :

Which fuck specific «cllular substances- responsi-Y

‘ble for binding the crystal violet-mordant fail
to retain the violet stain when decolorizers are

applied. Th&

Gram-negative forms arc, there-
c .

stained red by the safranim counterstain
which follows fhe decolorizing step.  «
12-20.. Although  most bactcria  are clearly
cithér Gram-positive or Gram-ncgative. there are
some specics thdt exhibit a definfte tendency to

display” both _ positiwe . and negative cells in o

spained preparation.” These organisms are called
am-variable. But whether positive,  negative, .
or Variable. the Gfam reaction is species* spegific

12-21. The -Gram staining procedure is ot

-

anduly sensitive ‘o Variations in technigue. but
there ar¢ eertain precautions you mus watch \in

order to get a good stain nsistently, -One
is the age and conditioy of the specimdn
stained. Gram-positive oXganisms may bd-
Gram-ncgative as a resuf of autolysiy”
acidity of the culture medjum. imprope;
temperature  of - ingubation. or the presence 'O
toxic. substances (drugs. metabolic- wastes). For

th be
conw

cultures 18 to 24 hours old. Usc a known Gram-
positive organism as’a control. o
12-22. The..quality of the smear s equally
important. If. you prepare films uncvenly or o@
thick. dedfse deposits of material dill retain cryst
violet upon decolorization regardless of the Gra
reaction.” Under thigge conditions. falsely Gram
positive clumps of acterin will be seen inoan
otherwise  Gram-npegative smear. Smears. Should
v or cike pro-
icin carried over into the smear from culture
media or - snecimens will be precipitated. The'
packground -of the smcar will then be - difficult
to decolorize and may contain dcb'ris and‘ mis-.
teading artifacts. ' : .
12-23. Pccnlorizulio’n of Gram-positive - cells
can result if vou use an iodine (mordant) solution
which has deteriorated.  Gram's iodine solution
will remain stable for tong periods of time when
protected from light by storage in a dark bottle.
When the iodine solution fades” in color from
brown to lght amber or yellow. it is no longer
suitable for* usc. Overly enthusiastic  treatment?

" sen’ or Modified

.in- voung cult
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with the dccolorizing solution_also results in a’
false Gr._am-ncgativé ' rcaction'.@"Inunediately after
the wgshings become cléar-during treatment of the
smear. with -alcohol or acetone-aicohol mixture.
you must rinsc the slide. with .water to prevent
overdecoldrization. '

12-24. Acid-fast staining. Members of  the
genus Mycobacterium and cértaip Nocardia spp.
possess relatively large amounts of lipids, “fatty
acids, and 'waxes within their ccll wall. "Such sub-
stances withstand penetration and- staining of the,
cytoplasmi by ordinary methods. When these re-
sistant forins are heated during exposure to a high
concentration of a basic 'dye in phenol. staining
is_ mor¢ readily accomplished. Fhenol serves as a

_ carrier for the dye in penctrating the lipid layer.

Once stained; the organisms resist decolorization
with acid-afcohol even .upon prolenged exposure.
They arc thus said to be acid-fasi. - Although.alt
bucteria may be staincd in this manner. only the
aforementioned. ‘organisms, with rare exceptions.
will resist decolorization with the acid-alcohol

_solution. The tubercle bacillus in a stained smear

wﬁl appear pink to red because of the absorption
of the carbol-fuchsin. The nonaeid-fast bacteria,
having been Jecolorized by acid-alcohol, will
show up as blue_from the methylene blue counter-
stain. E B
12-25. You will routinely ug® the  Ziehl-Nezl-
Kinyoun' techniques in examin-
ing specimens or cultures for the presence of acid-
fast bacilli. In th¢ Ziehl-Ncelsem proccdure, time
and temperature of heating the sinear are some-

-

o

what critical, Overheating,di}minishes the color of ~

the organisms t0.a pink or brown or may €ven

_distort the shape. of the cell. Tergitol is incorpo-

\rated ip the Madifieq Kinyoun to reduce the sur-

“Yaée tension between the cell wall of acid-fast or-

danisms and the carbol-fuchsin stain. This is the
lc played by heat ia the Zichl-Neelsen stain.

ds in that it.is less cumbersome and requirss
time. _

Yo-26. Selective staining. Selective -stains. as
we \efined them carlier, aid you in establishing
the Mentity of<an organism by, highlighting struc-,
tures\ that usuaily can’t be obscrved clearly with
Q tional gtains. Capsules and'spofcs are typi-
cal of these specialized structures. The capsule
may be demonstrated by Ather ncgative or posi-
tive staining. Ypu will see capsules most: often
s 4 to_6 hours old. Negative
staining provides a dark background (usually

‘J5lack) against which :the unstained organism and

capsulc contrast.  The capsule is visiblc only be-

cause of the space it occupiés. The dye. nigrosin.

or India .ink arc most often used. but not ail
)

¢ heatless tergitol meshod is more advanta-g

<

~

-
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SPECIMEN

— .

Figure 41.

Hnnging drop slide

brands of India ink are samfactory tor demun-
strating capsules. Brands containing very fincly

~ divided carbon particles yield the best results.

Tnks should be free of bacterial contamination.
They can be protected against contamination by

adding phenol in 05 percent ‘concentration by
volume. .

12-27; Hiss stain. The Hiss stain is useful in

iraparting color to the capsule, itself, i.e., posijive

~ staining. For best results. it is neccssary to grow

the test organism in-a liquid medium containing
serum or ascitic fluid for full development of the
capsule. As an alternative ‘you can nfix blobg
scrum and . bacteria grown on solid media prior

“to, air drying and heat flxmg the 3lide. Bacterial

capsules are composed of a polysaccharide which
& not stain. well by ordinary means._ This cap-
~uIL however, can be caused to swell when mled

with normal serum. The scrum allows the dyv W

penetrate, The combination of capsulur swcllmg
end dye impregnation is the basis of the Hiss
stain. Use a copper sulfate solution instead of
water to wash. the stain from the slide. as water
tends to act as a decolorizer.
12-28. Spore staining. Spores arc devclopcd in
Clostridium and Bacillus species as a means of

-. survival during unfavorable environmental condi-

iions. In the laboratory, spores may form during
routine culturing, and the presence of these bodics,

"15 a clear |ndlcatlon that \ou are d«.alma with onc

or the other of these genera. The bacterial spere
is characterized by three distinct .properties of in-
tercst td you in staining: (1) a high' degrec of
heat resistance, (2) resistance to penctration by
dyes, and (3) highly refractile when viewed mi-
croscopically. These propertics account for the
clear “holey you see while examining sporeform-
ers stained-with-the Grarh $tain, methylene bluc,
or similar stains. The spores appcar colorless with
these stains. so in order to study a spore in detail,
it is nceessary to alter at least onc of the three
propertics mentioned above, The Wirtz-Conklin
sRore stain is typical of the techniques available
to. you.

the heat to drive the dye into the sppre coat.
Once the sporc is stained, the dye is retained dur-
ing rinsing. and the vegetative cell is then coun-
terstained with a dyc of contrasting color.
12-29. Wet Unstained Preparations. Occasion-
ally, the. microscopic cxamination of wet, un-
stained preparations, can ald-b.\cterml ideRtifica-
tion by revcaling whether or not the organismy
possess flagella. The most commonly used
method is the hangmﬂ drop to detect motllltv of

Using this technique. you must stcam .
the dye-covered smear for a brief period. utilizing

r

living bacteria, in purc cufture. The technique for .

preparation and m:croscoplc obscrvation of hang-
ing drop mounts i§ illustrated in “Figure 41. DL-
posit a drop of hroth culture containing the wells
on a coverslip and ipvert it over dcpru\mn
slide. You cyn see flagellar motion as dircctional
movement of {ndividual cells. Da not. confuse. mo-
tility with Brownian® movehient-which is a vibru-

tory type of motion of the bacterial cells duc to
molecular bombardment. An alternate method is.
to use a plain glass\shdu and a vaseline “ringed™

coverslip «inverted ‘over it.  Although. nat st Lond

as the hanging drop technique becaus‘c of ‘lim- .

ited space’ between slide; zand cuvmllp thiy
method offers a quick way of éxamining b.lctcrml
growth when the eoncuve deprc\smn shide is. not §
avmlable ) s t




N QHAPTER 2 of this volume you studicd.
4 some of the principles of dmnf;cuon and
sterilization. You learned that microbes arc sus-,
ceptible toa widd variety nf chemical compound\
commonly referrell to as “antiseptics?” and disin-
fectants or “gérmicides.”
physical energy in the form of heat and radiation
can be used 10 deconiyminate materials in our
cnvironment \\hu.hvharhur pathogenic mlcroor-
ganisms.

2
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But when we .nlcmpl to counter the patho-

genicity of bactetia wlbfun the human hody. the

choice  of .lmmmmh}ﬂ agents is severely | re-
stricted. 1t is a biolagical fact that life processes
in bacteria and man dre so similar at the ccllular

. . - i
fevel that most physical and chemical agents po- -
inside the |

rent enough 1o destroy a bacterium
body“are also tpxic to the human host. Tt is
not surprising. thrLforu. that until recent years
few drugs (chemotherapeutic agents) were avail-
able to combat deep-scated infections in man
safely and cffectively. ' :
3. With the dmmcr\ of a” hitherto unrecog-
nized class of hiological substances. the antibiot-
. fes. an urray of new therapeutic weapons became
available to the ph\\lu.m In this chaptef we will
show, how representative antimicrobial agents act
against bacteria.sand cxamine some of the resist-
Ngnce mechanisms displayed  by™ microorganisms.
LWith that information. as background. we wilkgo
%?m to discuss  the laboratory procedures per-
s fformed by the bacteriologist to assess the coffece-
ftiveness of antibiotic therapy. -

13. Antimicrobial Agenfs

- 13-1. For our purposes. the term “antimicro-
bial agent” ¢mbraces an assortment of therapeutic
organic chemicals. including substances synthe-
“sized in the luboratory and those derived from
living organisms. The widely prescribed sulfona-
. mides “typify drugs of the svnthetic group. By

You also found that

. ¢ o
: Antlmlcroblal Agents Drug Resistance, and - 3

Sensltlwty Testlng

common usage the term “antibiotic™ is reservzd
for chemical substances produced by living -
forms—compounds like the penicillins—which in
low concentration suppress the growth of mi-
crobes. or actually kill them outright. . But since
the undcrlymg principlc of sensitivity testing and ,
assay is identical for most synthutlc and naturally - 3
occuring chemotherapeutic agents. we will nog em- :
phasize differencessin the source of the drug. We o

will exclude those antm.pttc and germicidal cori-

- pounds mentioned in Chapter 2 that are limited

hv toxicity to topical application or to disinfection
of manmmu objects. . . .
Historical Review., The hl\tur\ of man’s
\g.mh l'ur unumlcmhml substances is shrouded in
antiquity. Tt has been said that the ancicnt Egyp-
tians uscd a varicty of medicinal plants which we |
now rcalize contain bacteriostatic or bactericidal -
constituents. A Roman” Army surgeon. .Ped'\mos
Diiscorides. took advantage of his travcls to com-
pile- information on the curative propertlcs of
plant extracts. His compilation, Materia Medica, /

- was used as a textbook for centurles. and a suc-

|
usc today. - ){

cessor compcndlum by the eame title is still in

13-3. Therapy of infectious discase remained »
in its infancy. however. until the-investigations of /
Puaul’ Ehrlich -demonstrated in 1910 the selective
toxicity of organic arsenicals for the spirochctes .
of syphilis. Ehrlich was convinced that the science
of chemistry could provide a “magic bullet™ that
would destroy the pathogen without damaging
the tissucs of the human host. His suceessful stud-

“ies ‘opened the door to today's continuing scirch .

33

for new chemical substances combining the proo- |

ertics of low toxicity for humans and a high |

degree of bactericidal action against specific patho- |

gens. Progress in discovering cffective chemothet-

apcutic agents was slow. nonctheless. Not until:

1935, when Domagk" described the sulfonamides. :
was there .w'ulahk a potent antibacterial lu"gm : .

L
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against the comnion Gram-positive and Gram-
_nfgative cacei and enteric organisms.

13-4. The era of the antibiotics as .antnmcro-
bial substunces came cven more slowly. LUUI\
Pasteur in the 19th century nportcdl) obsur\ul
inhibition of the anthrax bacillus-in mixed culture
with other bacteria, but it was Vuillemin in 1889
why introduced the term “antibiosis™ to denote

antagonistic interactions between living organisms.

A nmilestone was reached in 1929 when Sic Aldex-
ander - Fleming  détected  the  Iytic  effect  on
sstaphylocacci of a substance produced by a com-
mon mold, Pemc:lhum notatum,

13-5. Several years later this substa}n'ce was
identified as crude penicillin, the forerunner of
several closely related compounds which are now
modified ‘synthetically to enhance their lethality

a systematic screening of soil bacteria, fungi, al-
gae, and even the higher plants for other antibi-
otics. Examples of - well-known ‘successes " are
s.reptomycm (1944), chloramphenicol, and poly-
mixin (1947), aureomycin (1948), and additional
nenicillins, tetracyclmes and erythromycin inthe
1950s. The organic. chemist also made several
mportant contributions during the same penod as
drugs such as p-aminosalicylic’ acid and lSOﬂlCO-
tinic-acid hydrazide (isoniazid), uscful in 1reatmg

- for bacteria. The discovery of penicillin prompted

cell Tunctions: five major categories ¢an be recog-
nmd % There ure agents which disrupt:

e Cell wull formation. .

e Cytoplisniic |_1_1-.mhr;mc function. -
* @ Protein synthesis.

e. Nucleic acid metabolism.

e Intermediary metiholism.

13-8. It will hecome appareat Tater in our dis-
cussion of the mechanism of action of represent-
ative drugs that “two antibiotics may  differ radi-
cally in the way they interfere with™ cellular
activities at the molecular level. However, the
nct ‘result of the interaction betyween agent and

cell component can generally be seen in “the inter-

ruption of onc or more of the vital tu'ngunn\ listed
above. C

13-9. Antimicrobial substances  are usually
characterized as cither hacterivsiatic or bucterici-
dal, although some of lhum-lpn\\u\ hoth hitetere-

‘static (mhlhnor\) and- bactericidal (lethal) prop--

crties. depending upon drug concentration and the
type’ of bacterial piathogen involved. Thl\ ditter-

“ence in cffect s undurst.mdablg if we' examine

the nature of the cell function that is ahiered. For

. instance. an agent is clearly bactericidal if its ac-

tion -so wgakens the main sugporting strueture---

the cell wall=<that the high internal osmotic pres-

~sure of the evtoplasm ciuses Iysis of the cell. On

tuberculosns were synthesized in the laboratory"' '

"13-6. General Ch:irncteristics. Thc-scurch for

“new drugs continues, as scicnce .sccks substances
* ' active against viruses, pathogenic fungi, protozoan
to -currenthy”™

infections. and bacteria resistant
available antibiotics, Most of the natural -anti-
vacterial agents of low toxicity have been iso-

sated from species of Actinomyces and Strepto-

savees; plus a few genera of the Funm Imperfecti
(JSCXUI1| tungl) e.g., Penicillium and Aspergil-
[us. Many other soil specics produce antibiotics,
however, and. thousands
screened in an effort to find products posscssma
sclective toxicity f pnthoeens. , o

f culturcs have bccn_

13-7. As one might ]udgc from the varicty of

\mlcroorg'mlsms that produce antibiotics, there is
0 single moleculur gonflgumtlon common to all

antimicrobial agents. We might :ilso expect, then,

r0 find diffcrences in the manner.in which a given

pathogen -is affected by the various agents, zmd_

© this turns out to be the casc. If we group unti-

microbial substances in terms of their effect on

*This short RNistorical review was based on more ex(enslvu_

information given by Loyd W. Hedgecock in Antimicroblal Avents,
No. 1 in Medical Technolopy Series. 1967. Lea and Febiger,

Philadelphia. pp. 2-4, 138-40; and by Sir Graham Wilson and
A. A. Miles in Topler and Wilson's Principles of Bacteriology
atieed Umipmuenity. fifth
Co.. Baltimore. pp.

dition. Vol. 1.

divion, 1964, Williams and \Vilkins
I -21 . . e

evén though the functions.

.

the other hand, a drug that” upscts ‘nucleic acid
synthesis may prevent the eefl from rupmduum'
of respiration and

growth remain intact: The
hibitory, or bacteriostatic, ct is that muylipli-
zation of the pathogen is suppressed. and the nat-
ural defenses of the hgst are given an opportunity
to overcome the infection. '

13-10. The capucity to interfere in fund.mun-
tal ‘ccll processes  has given. the antimierobial
agents a uscfulness that extends beyond their pri-
mary value in freating. diséasc. These agents are
not only helpful in the laboratory, but they ase

- economically important to industry as well,” They

can be used:
e As sclective irhibitors in culture media.
‘e In classifying bacteria - taxonomically on
the basis of drug susceptibility:
e In preventing contamination of tissue” eul:
) tures. )
- @ For preserving rdrlp.r.ucﬂ mcul\ and mhc
foods. ’ -
e As food additives to stimulate gmwlh of live-
stock for mcat production. :

The stimulatory effect on weight gain in' five-

. “Ldl..cC(hJ\\ develspmient of thig ‘.l.mrhuanon lhc previously’
referenced Antinticrobal Agents. was based an 4 concept propos zd
ny D.S. Feringold in New England Journal ) Medicine, 269:4%0H,

1962 -
* Wilson. and Miles. op. cjt. p: 175.
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IhYee amino acid molecules combine to form
a polypeptide chain. . "R" indicates the
remainder of the amino acid molecule not
shown*in the drawing.

Figure 42.  Hlastration of peptide linkage.

stock is not well understood. but the other uses
stem direetly from the same suppressive or fethal
action displayed by the antimicrobial agents in
combating discase in humans.

14. Moade of Drug'Acfion

~14-1. Beginping with the bacterial - cell- wall
and proceeding decper into the cell, we will follow
the functional classification of antimicrobial agents
_set forth above to show how Fepresentative chem-

“otherapeutic drugs react at the molecular level. &

14-2. The Cell Wall. The bacterial cell wall is
a complex structure containing various combina-
tions of lipids, carbohydrates, and proteins. But
chemical substances known as mucopeptides com-
- prisc the main building blocks from which the
cell wall is constructed. Each building block is
fashioned from long chains of a polysaccharide
held in place by cross links formed by amino
a::\ids. A polysaccharide is a form of carbohy-

1
[}
]
1

<

florizantai Jhains repressent the polysaccharide
Jomponent. . )

.ertical linns are torsed by pslepeptides.
B - .
Figure 43. Sketch of mucopeptide unit.
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Alanine-

_Cycloserine

‘Figure 44. Structural formulas of cycldserine and
alanine. -

drate containing four or more molecules of the

‘simple sugars or their derivatives.

14-3. You will rccall that amino acids (the
main constituents of protein) are carbon com-
pounds having at least one frec amino (NH.)
group ond onc or more carboxyl (COOH)
groups. The amino acids that keep the polysac-
charide chains in proper position arc themselves,
bound together by a so-called “peptide linkag:"
in which the NH. group of onc amino acid coni-

" bines with the COOH group of another, ‘as shown’

in figurc 42. The union of two amino acids yiclds
a peptide. and-a molecule formed by several pep-
tides is called a polypeptide. We can thus vis-
ualize the mucopeptide building block ,of ‘the ccll
wall as a lattice-like structure in which paraiiel
strands of polysaccharide are held.in their respce-

tive positions by lateral bridges formed between

the strands by the polypeptides. This structure is
illustrated in figurc 43. . '
14-4. The rigid cell wall gives shape to the
bucterium, protects the cell from mechanical in-
jury. and provides structural support for the un-
derlying  cytoplasmic = (protoplast) membranc
which regulates the flow of nutrients into and out -
of the ccll. Because of the great difference in th

LN
l News

\
CHCOOH L

[s) .
Qf—NH—CH‘
R -

i

0=cC N

Penicillin Nucleus

Side Chain Structure (R)
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Figure 45. Structural formula of penicillins.




NO, CH= NNHCONH,

Furacin e

s  Furadantin
.

The side chains on the nitro furan’
ring nucleus give the compounds Jtheir’
ant1m1crob1al spec1f1ci‘ty

Figure 46. Structural formula of nitrofuran compounds.

concentration, of solutes within the cell (as: op-
pused to lhe‘f'l%xternal medium); the osmotic prgg-
sure inside the cytoplasmics membrane is high.
Without an‘intact céll wall, the membranc cannot

_maintainghe proper osmotic rclatlonshlp for nor-
mal fungfibning: As whk pointed out in our dis-
cussion 3% a bactericidal agent (paragraph 13-9),

the pressure differential may also lead to lysis-and
death of the cell. ]

.~ 14-5. There are several antimicrobial agents
that in one way or another adversely affect the-
cell wall. ‘We will talk about bacitracin prodiced
by Bacillus Ilchemformls, cycloserine (Strepto- "
myces spp.), the pemcﬂlms {Penicillium spp ),
and the synthetic nitrofuran compounds. "l
14-6. Bacitracin. This agent, a mixture of poly-
peptides, blocks the integration of mucopeptlde
units_into the wall structure. -We think that baci-
tracin intefferes with the orderly linking of the
polypeptide side chains that’ brldge the polysac-
charide strands.
- 14-7. Cycloserine (Oxanncm)
otic. active against many Gram-positive and
.;Gr.m'l -ncgative microbes inciuding the tubercle
bacillus. is structurally similar to the amino acid.
arnine. (See fig. 44.). When thc antibiotic - is
present. the  enzymes that control synthesis of
the peptide component randomly sclect a mole-
‘cule of cycloserine (a “‘competitive analog”) in-
stead of the, natural glanine. ‘The antibiotic,
althouqh suffxc1ent|y similar to alanine to engage
the -enzyme, cannot be fitted into the peptide
pertion of the building block. As a result, the
-mucopeptides function imperfectly because the

> .86

This um.ibi--

o

susceptible organisms:

plasmic membrane.

sequence of amine acids within them is abnor-

mal.
14-8. Penicillins. There are several differenl
penicillins. The nucleus common to all -of them

is a cyclic dipeptide of cystine and valine.” Study
figure 45. Note that it is the side chain. attached
to the nucleus at the puint *R™ (radical) in the

* diagram, that gives the various penicillins their

distinctive actions against different groups of
microorganisms.  Several - representative  side
chains are shown in this figure. The penicillins

are thought to affect the hacterial cell at more

than one site. although the cxact nature of the
reactions is still not clear. Laboruatory expeti-
mentation has disclosed three main effects on
a blocking of amino acid
uptake from the external environment; inhibi-
tion of the synthesis of certain enzymes- by the
cell; and interference with cell wall formation.
With regard to the cell wall, the cffect is believed
to- be either an¢ interruption of the process in
which the mucopeptide buxldm(7 block is fabri-

-cated from its component parts. or disruption of

the polypeptide cross links betwcen the strands
of  polysaccharide in the mucopeptide.

14-9. Synthetic nitrofuran compounds. Among
the bacteriostatic . and bactericidal -drugs syn-

“.thesized in the chemical laboratory are the nitro-

furan. compounds. Figure 46 illustrates _these
compounds which arc useful in treating urinary
trict infections by Gram-positive and Gram-
negative forms. As in the case of the penicillins,
there seem” to be multiple sites of drug action
that is. intraccllulur enzyme systems. the cyto-
and the cell wall.  Becuuse
mucopeptide - precursors  (raw
cumulate in culture' media containing the nitro-
furans. there is speculation that the drugs inhibit
fabrication of the mucnpcpude unit in its hmshccl

form.

14-10. The (\top1nsmlc Merth.mc. A thin
membrane located directly beneath the cell wall
encases’ the bacterial protoplasm. This cytoplis-
mic or pr@»opl:wt membrane provides a barrier
against the indiscriminate flow of fluids and
metabolites into and out of the cell and main-

. . . . - & . .
- tains the proper .interior osmotic pressure for life

functions, The structure houses the enzymes that
mediate the sclective trunsport of sugars. amino
acids, und essential jons across the membrane
into the cell. In addition. there is cvidence thut

the cytoplasmic membrane participates in_ the
synthesis of other structures. such as the cell wall |

and appendages*ec.g.. flagella, '

14-11. More than half of the membrane i
protein in nature. but lipids und carbohydrates
are present in significant amounts and in chemi-
cally complex molecular arrungements. The ac-
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_with which the antibiotics combine.
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Fizure 47. Compounds affecting prolein synthesis.
. . 4
don of antimicrobial agents is generally mani-

fested in one of two \\q—u_\s. First. combining of
the agent with a vital component of the mem-
hrane can impair the transport of materials into
or out of the cell,
and membrane can result in-a loss of. selective
permeubility so that cgsential constituents™ leach”™
out of {he cell into thc exterior environment.
[4-12. Several aniimicrobial agents . active
against the pathogenic fungi (but not against bac-
terial pathogens) owe their effect specifically .to
a joining of the agent with sterol”components “of
the cvtoplusmic membrane. Bacteria are resistant
because they fack the sterols (cvclic alcohols)
Amphoteri-
cin B (Srreptomyces nodusus), filipin (Strepto-
myces filipinensis). and nystatin (Sweptomyces
noursei) ure members of this=group of antifungal

substances whose action. disorganizes mémbranc

permpability dnd ,pcrnms \xml lmrgxcellular cle-
méyme to be lost.

]4 13, Among the -.ln[lh.lClel'l.ll drugs affect-
ing the cytoplasmic membrane arc Lthc polypep-
tides polymykin and tyrothricin.  Bacillus poly-
myvxa - produces  several | polvmyxins,  cach
differing in” amino dcid content. but the busic
niolecular configuration is the -same.- The poly-
myxins apparently form complcx with phos-
pholipids of the lipoprotein’ prescnt in the cyto-
plasmic x_1_1uubr.1m of Gram-negiitive organisms,

Secondly. the union of agent ™

. . : \
s :‘\L' - -

This union causes i breukdown in the membranc’s
capacity to regulate permeability, and el con-
stituents diffuse to the exterior. '
14-14. . Tyrothricin is a mixture of cyclic poly-
peptides, labeled gramicidins and  tyrocidins.
elaborated by Bacillus brevis. These antibiotics
interfere with th¢ encrgy-yielding phosphate re-
actions that are neccssary to cell respiration. Be-
yond this, the polypeptide agents from B. hrevis:
exhibit properties similar "to the polymyxins in
Ldi\:rﬁmin&,‘tlw normal control of permeability.
14-15. Protein Synthesis.” Before we learn how
anttimicrobial drugs exert their effect on badteriai
protem synthesis, we should review briefly the
imujor steps in the manufacture of protein by the
» cell. These steps are carried out by ribonucleic
acid (RNA) components acting under the genetic
influence of deoxyribonucleic .|C|d (DNA) found
in the nuclear portion of the cell. . .
- 14-16. Actually, we are concerned here with
: three distinct forms of ribonucleic aC|d

* ‘e Ribosomal RNA. J
e Soluble RNA. -

-~

. e Mcssenucr RNA. &

- >

14-17. Ribosomal RNA. The preponderance
of the 'RNA oecurs in the rihosomes, which are
frec particles. or uggregates of particles (poly-
rihosories ), that combine”T@lividual amino acids
into peptides. the building blocks “of the new
“protein. The ribosomes can be looked uponsthen.
as the ccll's manyfacturing plant for protein. *

~14-18. Soluble RNA (sRNA). This constitytes
10 percent or- less of the total RNA. Soluble
. RNAgmolecules select specific amino acids from
thei"‘»iﬁtracellular pool of .these compounds ana
deliver them to the ribesomes for fabrication’
into pgotein. Soluble RNA thus performs a trans-
. port.function between raw materials and the pr\y
tein manufactunng site of .the cell.

14-19, Messenger RNA (mRNA). Mcssen-
ger RNA ‘which comprises the remaining small -
fraction of the total RNA, can be pictured in the
role of the plant production chief, since mRNA
transmits from the nuclear DNA (the~ plaat
manager) to the ribosome instructions on tre
makeup of the new protein. that is to be synthe:
sized. - This mRNA information. or genetic codc
is read ‘by the ribosome as the latter links to-
gether in proper sequcnce the amino aC|d mole-
“cules supplied by sSRNA.

14-20. The intricatc process of protein syn-
the*?iﬁ greatly simplified here for our purposes.

~can be disrupted at many points in the chaing of
cvents. - First. there are antimicrobial agents that
~in therapeutic concentration cuuse destruction or

gross impairment of major systems in the ceifl .

-
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Figure 48. Structural formula for nalidixic acid.

v

For instance, exposure to streptomycin (Strep-

tomyces griseus) results in a general breakdown

- of DNA. while ribosomes formed in the presence

of chloramphenicol (Streptomyces venezuelae)

" are” intact, but so stmcturally disorganized that

the protein they synthesxze is imperfect and non-
Panctional.

14-21. Usually. however. you will find that

the adverse effect of the ugent is’ more subtle.

It is apt to be focused on one of ‘the reactions
carried out by components of the sSRNA—ribo-
some—mRNA complex as they actively produce
new protein. In the next paragraph we will show
some examples of postulated mechanisms that
may ‘account for the action of .mumxcrobml
agents in protein synthesis) /These assumpuons

- are based on research conducted with a varlety of

cexperimental systems. -
14-22. Lincomycin from Stre-ptomyces lin-
colnensis is believed to .interfere with the activa-
tion or transfer of amino acids from the pool of
these raw materials. Chlur'amphcmwl and- the
tetracyclines,~ as shown in figure 47, dppdl‘&.nlly
block the. release of amino acids from the carrice,
sRNA, to the ribosome. Sxmxlnrly by combining
with the ribosome at one -specific point on that
organ, erythromytin (Streptomyces erythreus)
blocks the attachment of the incoming sRNA
molecule and its amino acid. Streptomycin binds
the ribosome at still another point to retard the

i attachment or movement of the mRNA ‘molecule.

I this instance the result is a misreading of the
genetic code for the makeup-of the protein thaf

"is manufactured on the ribosome. In the: final

S(age‘*of protein synthesis." cycloheximide .(Sirep-
torityces griseus), also ‘shown in figure 47. -and
puromycin (Streptomyces alhomqer) in some way
prevent the correct placement of amino acids in
thieir respecuve positions in_the developing pep-

" tide | molecule. - qx-‘

14-23. Nucleic Acid Me(al)ollsm. Althou"h
many compounds have been discovered that up-

et functions in the nuclear ‘clcments of the mi-

Lrubml LC" few are sulmblu for \thempcuuc pur-
pdses. Nucleic acid metabolism. in all species s
so similar that, an agent toxic to one form s
generally poisonous to all. th\lc is known abowt
the exact mode of action. of drugs in this group.
but we will mention two - l\'plml cxamples.

14-24. The actinomycins pre duu.d by Strep-
tomyces dntibioticuy slow doyn RNA sy ‘nthesis in
the cell. We believe that the antibiotics bind the
DNA of the nucleus gt w location which obstructs
the activity of RNA polymerases. These are the
cnzymes that put togethce RNA ‘molecules in -
accdgdance  with genctic instructions from  the
DNAV  Nualidixic acid. shown in figure 48, is .
synthetic drug useful in trcating urinary tract
infections by Gram-negative rods. The antimicro-
- bial ‘agent inhibits DNA synthesis which, in tun.

wretards the production of RNA and -protein. The
speeific nature of the bactericidal reaction has
not yet been determined.

14-25. Intermediary Metabolism. We can use
this term in its broadest context to include the
energy-yielding sgactions taking place in the cell

~(respiration). the breakdown of complex nutri-
ents to simplified. usable form (catabolism) and
the buildup of ccll constitients from these simbpler
substances . (anabolism).  Para-amino  salicylic
geid (PAS). active only against the mycobacs -
teria. “and the: mll'un.mudu useful in tfeating
-infections caused by the cocci-and the Grani-
negative rod forms. exemplify drugs that derange
metabolic patterns in the bacterial cell.

14-26. Both of the above drugs are involved
in para-aminobenzoic acid (PABA) metabolism.
although the inhibitory mecchanism is probably

- not |dcnucal PABA is an essential metabolite

(rcqmrgd for growth) for several genera of or-
ganisms. In still others. it forms a part of the
folic acid molecule. Folic acid is « growth factor
ussociated with coenzymes that mnl in transfer-
ring single carbon units, . -

1]
14-27. In figure 49 note the structural resem-
blance of .PABA. PAS. und the sulfonamides.!
We can look upon PAS. and the sulfonamides

P

COOH COOH SOaNH,
= AL OM
NH2 Wl .,NH2 - NH-2
PAS . PABA Sulfanilamide

ngurc 49, Structural furmulu't'nr.PAB. PAS.
sulfanilimide.
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as “pscudometabolites” or “competitive analogs” .,

which the cell mistakenty builds into various
moiccular structures that require PABA for nor-
mal functioning. The result is a blocking of meta-
holic pathways when the faulty molecules enter
mto cclular reactions.

. ———

15. Mechanism of Anﬁbi;ﬁc Rgsisfdm:e

°

15-1."Soon after penicillin came into wide
usage in the 1940s. it. was recognized “that some
strains of Staphylococcus aureus were developing
resistunce io drug concentrations that were form-
_erly ‘lethal,_Resistance was attributed to produc-
enzythe. “‘penicillinase.” that degraded
icillin molecule into harmless fragments.

the pe

tween cells of the same or closely related species

can take three forms:

- (1) Tmnsformation.
(2) Transduction.
(3) Conjugation. @
15-5. Transformation. Transformation is the

uptake by one cell of nuclear clements (genes)

«

" derived from another cell. The newly incorpe-

rated factor for drug toleranc€ imparts a cor-.
responding. resistance to the recipient cell. Trans-

- formation is, demonstrated experimentally by

The full extent of the problem of drug registance -

wvas not realized. however. “until research in the
1950s- and carly 1960s uncovered the existence

“of resistance factors that are transmissible be-

tween microbes. 4

15-2. In 1955. an outbreak of Shigella infec-
tions in Japan yielded cultures that were resistant
to four different drugs: ~ chloramphenicol. tetra-
cveline., streptgmycin, and the sulfonumides. It
has since been shown that drug tolerance can be
transferred  among  several medically  important
specivs. including Salmonella and Shigella species,
Escherichia coli. Vibrio cholera. and Pasteurella
pestis. Resistance has been found in w single
organism to as many as seven of the commonly
vmployed antimicrobial agents.” 1t is becoming
increasingly important. therefage. to understand
the gengfic and cellular mechanisms that account
for cnifanced tolerance to therupcutic agents.

15-3. Genetic Basis of Resistance. We can dis-

tinguish two. and possibly threc. mechanisms’

whereby ccfls acquire drug resistance; but there
arc no indications that all of these are asailable to
;legi(sn bucterial specges. Once postuluted mecha-
nism. i nongenetic variation or “physiological
adaptation” will be discussed fater in this scetion.
The other two mechanisms. kc.. spontaneous mu-
tation within a single cell andghe exchange of
genetic material between cells. have a ., genetic
basis, We Know that mutants arisc naturally”in

. ously

adding DNA extracted from resistant microbes
to growing Cultures of drug-susceptible cells. Ths
extent to which this transfer ‘mechanism may
take place under natural circumstances has nct
been detemined with certainty. -
15-6. Transduction. This exchange is a trans-
fer of genetic material mediated by bacterio-
phages. the virus particles that parasitize many
«species of bacteria. During infection of the bac-
terium with certaip so-called lysogenic phages.
the host's drug-resistance factor is incorporated
into the nuclear structure. of the replicating
viruses. Upon release from the -baeterial cell.
these newly formed viruses invade other cells
and- deposit the genes ‘that confer resistance. L4
15-7. Conjugation. The aforementioned out-
break of Shigellosis in Japan led to unsuspected
findings on the sexual cycle in genera of the
enteric organisms. In a fashion comparable to
mating in higher forms of life. male and female
strains undergo conjugation, a pyocess in which
genetic material is passed during direct cell- con-
tact. If one cell is drug resistant.\(his trait can be
_passed along to the partner. The r jpient can in
“turn transfer the resistance characteritic (R) ¢

“another microorganism. The R factorlis an ag-

gregation' of geneg closely associated with—ond *
oferred to as the “resistance transfer fac-
tor.” “fertility factor.” or the “sex- factoi.”
This transfer factor bestows the ability to con-
jugate and to transfer the R factor during: the

'depergdent upon—another gene complex vauri-

--period of physical contact between cells. Recent

bacterial cultures with a frequesCy that can be

predicted accufately in many cases. For example.
resistance to, isoniazid rcportedly occurs in ap-
proximately onc cell of cach million progeny of
a single sensitive tubercle bucillus, 1t is now
recognized that mutation to drug tolerance is
hormal characteristic of the gerfes'in 4nany patho-
genic bacterial species. '

15-4. The cxchange of genetic material -be-

'R '

A moreSaemplele report of this vaibrack n ylevnell. Elinbe
oG Mevnell, and Nuaom Datn cPhviovencne Relationships

4 Urue-Resstney” bactors -amd Other Fran-missible Bacterial

O Plaemids” Boot, Revs Vol A0 Noo L0 Maren 1963, pp. $5-83.
4 ‘ .

N

-
s

work gives cvidence that the R factor can also he
transmitted by bacteriophage. ' ‘
15-8. Cellular Mechanisms. We don't know
how possession of the R factor enables a bacter- -
jum to tolerate concentrations of ard amimicroéial
agent that wouk;l progve lethal to other memkbers

of the same species. Speculation centers on- re-
.\s'tricti\’c

89

permeability of the cell wall*to the drg.
production of enzymcs that inactivate -the agent,
resistant ribosomes. and other physiological de-
fenses. We do know. however, that drug teler-
ance in many species is at 'lcust partly, and per-
-haps exclusively. under genstic control.
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» ' Figure 50. Dilution method of sensilivity testing. ¢ T

15-9. A third mechanism was mentioned car-
lier for acquiring resistance, i.c.. nongenetic varia-

tion or . “physiologjcal adaptation™ to increased

concentrations of a drug. There is support among
some investigators for the concept that bacteria
under -certain cjrcumstances can adjust  their
metabolic palhwws or their coihplement of en-
zymes to compensate for the effect .of harmful

‘agents in the enyironment. This compensatory

m;chamsm presumably operates without geng
utation and_in the abscnce of phage transduc-
uon or conjugatlon _
15-10.. At presént our knowledge is limited
pertaining to the specific reactions t_hat take place
when - a-resistant cell encounters a molecule’ of

_——an antimicrobial agent. * However. one or more

-

of the following cellular states may play .a part
i ‘conferring resistance. irrespective of whether
drug tolerance in .my givtn cuse has a genctnc‘

or an adaptive basis.”
' Dcums;d pmctmlmu of- thc agent . intor the
' ccil

b. Incxc.md dulmumn of the .mlmmmbl.ll

agent or its conversion to an inactive -form (IVpl-

cal.of the penicillinase cnzymes).

¢. Greater production of a metabolite " or

"« Hedgecock. pp. -192-195, L

growth factor with which the drug (as a struc:

tural analog) competes.

d. Increased produumn of the. an)mc that
Uses this metabolitc . (a higher - concentration
would B required to tie up all the enzyme mole-
cules). :

e..An alternate pnthwav that.doesn’t rcqulrc
the membollte

.

16. D"éferminufion' of Bacterial Sensitivity
.16-1. In the laboratory. you will perform sen-

sitivity. or susceptibility. tests in order to predict ~

the probable response of an infectious organism
to drug therapy. The physncmn relies on the test
to help him select an antibiotic for lmtml treac-
ment; and, later. to detect the development of

micrgbial resistance to that antibiotic during. the o
course of-the disease. -As a. further aid. as a'
. I.lbomlorv technicrun. \'ou can use semm\'lty tcsts

to measure ‘the poteney of a drug and to. deter-

,mlllL the concentration 0' danl Lmnmlcrnhml ‘ILCl\tv '

-inrselected tissucs or body fluids.
16-2. In principle. the sLnslmm' test is snm-

ple. You cultivate an organism in either o .
or solid medium’ containing -an  affimicrobial

_agént. After incubation. observe thé culture for

the presence or ahsence of growth - ( drug-resist
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ance or drug-sensitivity ). or is usually the
¢ise. look for the degree of growth inhibition
induced by several specific Lonccnuauons of a
drun . 4 .

16-3. Laboratory Test Procedures. There are
Stwo punupal sensitivity test “methods. although
variations Of these are frequently «encountered.
icsu are:

e Dilution -mclhod.\/ Lo

s

o Diffusion method. o
. 16 4. Dilwion method. In the ditution method.
. you prup.nrc serially decreasing concentrations of
¥n antimicrabial agent_ in tubes of a liquid

medium.  Add. @ uniform volume of a young.
pure cylture of the test organism to cach tube.
After overnight incubation. observe jthe  tubes
mucroscopically for evidence of "rm\lh A con-
Arol wbe containing the bacterial inoculum. but
withoat the .drag. is always included in the test
svstem, A -

16-5. The tube having the fowest concentri-
2 tion of thg drug that inhibits -growth tells you the
CLomininal thibitory  concentration (MIC). The
MIC is uxu.xll\ expressed in micrograms of anti-
*microbial agent per milliliter. Figure 50 illus-
trates the tube dilution method and shows an
MIC of 6.25 micrograms. As an alternate tech-
nique. yqQu cun incorporate dilutions of the inhib-
2% itory agent into agar slants or, plates of a solid
test medium. In this procedure.] sireiik a loopful
of inoculum on the surfuce. apd then note the
resence or absence of growth after incubation.
16-6. The dilution procedures yield quantita-

,dnn" the action of drag' combinations.  The
VhC of u single antimicrobial substance, or com-
ation. can be compared to the thgr.xpcuue con-

- « .
atiginable in the body. Thus. the physician can

mdi.g m advance the probable efficiency  of
Q wn‘tn druw in-«<ontrotling infection.  There -are
' ccrt‘un dwadvantages. however. The preparation
of serial dnlulxons 19 too ‘time consuming to have

ve results. and they are P.lrllk.u].lrlv uscful in’

itration known from clinical experience to be

routine .1pplrc‘mon in the clinical labofatory. In

uddition. you must first isolate the test organism
in pure cullure because the liguid culture system
does not. p&rnm visual detection of contzmunants
Kesistant m\lg mts that might develop in the broth
tubes wouldBB¢ equally difficult to deteet.

V6-7. Diitisi The diffusion method
takes  advant hat antimicrobial
drugs implan t ponnlq on a solid agar medium
will diifuse odnward to give clearly recognlzablc

- 7ones of inhihn%(m of h.nclcm growing on the me-

o«

dium.  Perhapsgific most mdul\ usgd technique
tnr routine \mrkg{n\ dise diffusion. £Several com-
mercially manufietured products we” available in

/" .

e ~ ’ . -i.
the form of absorbent paper dises lmprcmmlcd
with antimicrobial drugs in, known coneentration.

* Discs are pl aced on seded or surface-streaked

plates of solid culture niedium. Figure 51 shows

the typical : éiieyd of ‘inhibition that appear during
incubation. s s, c‘mﬁud ‘due to moisture from
the medium which dissolves the impregnati:d

drug and permits it to diffuse outward from-caca
disc. As we will noterin the next section, there
are prcmutuons to take in spacmg the discs prog-
erly and in inoculating the phte, but the conven-
ience. flexibility. And time-saving features of the

_disc diffusion procedure make it well suited to

the clinigal laboratory. o

16-8. Factors in Scnslllvlly~Teslmg Although
noac of* the present-day techiniques fully meets
this goal in every respect. ideally. a good sensi-
tivity test”procedure should have all of the fol-

lowing; characteristics:

a. Have @ distinct end-point.

h. Be uz:ilicuhlc to all therapeutic drugs.

¢. Be sultuble for use with all pathogens.

d. Give results in a short time. ‘

e. Permit recognition of pathogens as opposed
to contaminants. ‘-

f. Differentiate strains that are morphologically

“similar ‘but unlike in drug,sensitivity. .

16-9. In actual practicc. there are many v“r-,

- jables in the technique of performma a sensitivity

test,  As a competent bactenolomst you should
strive to control these variables by setting up uni-
forny procedures that will yield consistent results
in the day-to-day_ operation of your laboratory.
Among the f‘lctors which you must keepin nnnd
are: .

a. pH of the medium. :

h. Composition of the medium. -

¢. Size and natdrg of inoculum.

d. tncubation period. o )

‘e. Growth requirements. '

f. Stability of the drug.

¢. Proper spacmg of dises. .

16-10. pH of the mediufin. Some antibiotics
arc more potent at one pH than anether: for ex-
ample. streplOmycm shows its greatest mhlbltary
effect at an alkaline pH while pemcdlm is ‘more
offective at acid pH's. Nevertheless. the critica!l
pH factor is the optimum range for growth of the
test organism. usually 7.2 to 7.4. Moreover. this
runge encompasses the pH (around 7.3%) en-
countered by the pathogen in the patient’s cirau-
latory system. ‘

16-11. Composition uf the medium, A heart .
nﬂmmn or tryptose bluod agar base (with or with-
nut added blood) is ordinarily. used in sersi-
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tivity testing.  Not all ‘tulture media are _

‘suitable, howevgy. Nutrients that will support

- .growth of the fastidious pathogens must be

- provided. Conversely, substances that might
-interfere with the test must be excluded. Glu—-
cose in concentrations over 0.5 percent is not

desirable; nor is the presence of serum albumin. .

This protein can absorb and inactivate certain
penicillins. The blood ‘eells in blood agar can
also inhibit penicillin K. Since many tissue
extracts contain p-aminobenzoic testing sensi-
tivity to the sulfonamides. (PABA: would rev¥erse
any inhibition by these drugs).
composition, the physical characteristics of
solid media are important with respect to
diffusion of the test antibiotics. The concen-
tration of agar affects the rate of diffusion,
as does the depth of plated media. Plates ogﬁ

Y

uniform thickness (4 to 5 mm.) cqntaining either-
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16-12. Size and natute of jnoculum..Inoc-
\ilum size is important with régard to two
points: (1) the concentration of test micro<.
organisms per volume of broth medium, or per
" given area of_plgtefsurface; and (2) the total
coverage of a plated medium on which antimic—
robial drugs will be implanted for the sensi-
tivity test. A heavy inovulation is undesir-
able because the organisms, if Present in
large numbers, can "overgrow" a ‘'plate and mask
; the inhibitory effect of the test drugs:
_Similarly, a ma¥sive inoculum added to a drug-
containing broth can quickly deplete the ‘drug,
and then multiply to yield a false result.
16-13. Complete coverage of a Plate of cul-

-

ture medium with the irnoculum insures that all
areas surrounding an implanted disc will con—
tain - B -

S

.
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microorganisms. Otherwise. arcas: void of growth
will niistukenly appear as zones of inhibition after

the plate has been incubated. Generally. pure cul-.

tures. of haucru grown in broth for 2 to.5 hours.
or until ‘a wsxblc turbidity is. seen. provide the
idcal inoculum. You agn swub or flood this broth
on plated media. or transfcr it to tubed nutrient
broth containing an antimicrobiul umnt if a liquid
system is preferred:.

_ 0 16-14. It quite nftcn happens th.lt trcatment
of an infection cunnot be delayed until the patho-

gen is isolated in pure-culture and identified. U -

der such circumstances. you huve to set up sensi-
tivity' studics  without -waiting for the broth
subeulture to provide the ideal inoculum for dif-
fusion tests, There are two shorteuts available to
vou, cach having to do \mh tln form of" th.
mocuIUm : ;

o ‘ Figure 52. - Disc diffusioh—too heavily inoculated.

. . . -

- 16-15. The first of these involves the primary
isolation mddium _to which the clinical specimen
was jnoculated. As soon a5 you can see macr- -
scopjeally visible growth off a plate select repre-
sentative colonies for sensitivity testing. Biochem.-
ical. scrological. or animal studles aimed at

specific identification of the organigms %an be cag-
ried out later. Using a loop“needle rempve mate®
rial from several colonies that seem to be identical
in morphology. If the plate shows evidence of a
gmixed culture. mmplc scparately. the colonies of

cach distinct morphological type. When sus-
“pended and disperséd in a small. volume of - saline
or broth. the material tukén from multiple coloniss
is strcaked or podred ‘over the surface of the
diffusion test medium. If you initially. planted the
“clinical specimen in a fluid medium such as thio-
glvcollate broth. you can use aliquots of this breth




- Frh'ure 53.
‘ . ek
for the sensitivity test 1qoculum as soon as Vou
detect -turbidity. - . W
16-16. The second shortcut in inoculation tech-

niques has been referred to ‘as the primary disc

diffusion” procedure After you have applied the

clinical specxmen to an isolation medium. use part

of lhe specimen to inoculatc the scnsmvny test
piate drrectly You can spread urine.” blood. and
other body fluids over the surface with a glass rod
or'swab. Then, implant the ‘discs containing anti-
vacterial agents on the surface. The rapidity with
which this, inoculation techinique gives results

{generally overnight but as short as 6 hours if .

the plate is examined microscopically ). Justlﬁes
i's use in the hospital laboratory. Don’t forget.
tiough, to leave part of the inoculated surface
free of the drug-impregnated diffusion discs so
- that. colomes wrll be.available for identification..

Disc diffus'ion—-inoculum not uniformly applied.

-

16-17. Incubatlon period. The optimum pe-
riod of contact between test organism and-the
antimicrobial agent is 18 to 24 hours for most

pathogens. As we noted above. minute colonies

cah ‘somctimes -be seen through a hand lens or
microscope within a few hours after inoculation.
Zones of mhlhrtmn are ‘more clearly readable.
Towever, if the longer period is employed. Be-:
yond 24 hoyr.s the results may be obscured by
overgrowtt of microorganisms on the tedt plate or
in tubes of liquid test medium. Many antimi-
crobial substances are bacteriostatic (rather than
lethal) and prolonged incubation sometimes en-
ables bacteria that were .initially inhibited to
counter the effectq of the: drug nnd to resume
growth, :

16-18. Many of the other consrderatrons that

. ‘we "discussed earller relative to cultivating bac-

04
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teria in the laboratory alsé apply to se’nsitivily
u.snn"
dxscas«.d tissuc. - you must sct up. the sens;uvufy

_test systém under anaerobic conditions. and at the.

" proper temperature of incubation 1o support rqgld
growth of the organism. The same can be said
- for pathogens that fequire increased carbon diox-
ide pressure.on first isolation. L

(16-19. Growth requirements. The t‘ulormg of

~ cultureé conditions to fit the organism’s require-
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“ujents for growth: occaslonallv prove .detrimental
as far as the drug.component_ of the test is con-
cerned. The pH dependence of streptomycin and
penicillin for maximum ' activity . was mentloned
‘previously.

16-20. Stabllzt\ oi the druq The usual incu-

batlon temperature of 377 C for pathogens inac-

N\ates certain of

%antxbloucs if the exposure is

Figure 54,

If you tmd an obligate Anaerobe in a .

" Dise diffusion—overcrowding of discs. | e

- 95,

ﬁ:olonged Thus drug mstablhty. in addmon t
¢ other variables, accounts for the fact that, our
present-d1y4sen51tlv1ty test techmques fall short of

thg ideak- =~ e'

16-21. Proper spacmg» of discs. There is a last
but extremelv important factor to“consider in cor-
ductlm., schsitivity tests by the disc diffusion tech-’
‘niqué—the; poper spacing of the discs in relation -
1o the b‘\cterul moculum
correct téchnique first, and then examine,’some
.examples of peor work. Referring to figure 51,
~ you can see light but uniform coverage of the test
. plate with bact,enal growth The diffusion discs
are placed far enough apart that zones of inhibi-
“tion do not overlap. By contrast, the: inoculation
shown in figure: 52 was so heavy that overgrowth
of the. antimi¢robial agent occurred. , Figure 5%
demonstrates what can happen :when the inocu-

-t

%,

Let's Jook at the. -

.
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ium. is not uniformly applied. It is difficult to
Jetermine with certainty whether clear areas
around certain discs on the periphery of the plate
arc due to inhibition or to the ubsence of the
oculum. Overgrowth can also be suspected near
sther discs that give no sign of inhibitign. At the
cther extreme. figure 54 reveals the result of
crowding discs on the plate, The test becomes
worthless when you try to find distinct zones of
inhibition. ‘

’

16-22. Antibiotic Assays. To ussist in judging
the level of antimicrobial drug in the patient's
tissues. your Ifboratory may be called upon to
assay blood. Hrine. or other body fluids for their

drug content. The procedure is very similar
to sensitivity testing. First. impregnate disés of
absorbent paper with the patient’s fluid to bé. as-
sayed. Allow other dises to gbsorb a. fluid of the
same kind to which you havéidded several known
concentrations of the drug in question.  These
discs serve as controls. Examine zones of inhibi-
tion on plates inoculated with an organism -highly

. sensitive to that specific antibiotic, By comparing =

the size of the zone around the test discto fhe

“~zones around the dises of known drug content.

'you cun arrive it i reasonable cstimate of ihe
drug level in the patient.

&
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Glossary ..

ANIMALCULE—A minute. usually, microscopic organism.

ABSORPTION—Tuking up by capillury. osmotic. chemical, or solvent action. Ex-
amples: (1) absorption of ‘moisture from the air, (2) absorption of gas by water,
(3) absorption of nourishment in the small intestine, and (4) ubsorption by
plant roots of nutrients from the soil. ' ' Lo

ADSORPTION—A taking up by physical or chemical forees of the molecules of gases,
of dissolved substances. or of. liquids by the surfaces of solids or liquids with
which they are in contact. - - ' :

AutoTroPHIC—Nceding only carbon dioxide or carbonates as a ‘source of carbon
and a simple inorganic nitrogen compound for- metabolic synthesis. (Obtains
energy from the oxidation of .inorganic compounds).

AEROBE—Organism that requires ready access to air for growth and reproduction.

ANAEROBE—Organisms that can grow and reproducc in the completc or virtual
absence of molecular oxygen. v : o :

ANTIGEN—ANY substance which. when introduced into the blood or tissucs, incites
the formation of antibody and which, when mixed with the antibody. reacts with
it in some way that can be demonstrated. 7 B '

ANTHOCYANIN—AnNY of various soluble glucoside pigments producing blue to red
coloring in plants.

AsciTic Fr.uip—Serous fluid in the abdomen. _

ALANINE=—AR amino. acid formed by the hydrolysis of proteins.

BaTERICIDAL—Destroying bacteria.

CHEMOTHERAPEUTIC—Chemical agent used in the treatment ‘of discase.

CornzyME—The heat-stable. water soluble portion of an enzyme which is neces-

* sary for the production’ of fermentation or digestion by means of an cnzyme.

CAROTENOIDS—Yecllow to red pigments found widely in plants and animals.

CytopLasMIE MEMBRANE—A' sc_mipcr_miahl'c membrane located directly beneath
the cell wall, governing osmotic activity. - ’

EPIDEMIQLOGY—A science that deals with the incidence, distribution. and control
of discasc in a population. _ : : o

ENTERIC ORGANISMS—Members of the family Entcrobacteriaceae, many of which
arc parasitic and/or pathogenic in plarits or in the intestinal tract of vertcbrates.

_ FULMINATING—Sudden. severc, coming on stiddenly with an intense severity.

HALOGEN—AnNY clement capable of forming. a haloid salt.” The halogens are

"+ chlorinc. bromine, iodine, and fluorine. : . ' :

HETEROTROPHIC BACTERIA—-Bacteria that obtain cnergy’ ‘from organic carb
SOUrces. ' o : . - ) o

HyproLsaTE—A compound produced by a chemical reaction in which a compound
rcacts with - water. : ‘

IsoN1AZID—A compound used'in- the treatment of tubcerculosis. -

INSPISSATOR—AN apparatus £ miake a fluid less thin by cvaporation.

LyTic—Producing the dissolution of cclls, g _

LYSOCHROMES—AnNy of ‘the naturally occurring pigments soluble: in fats or in
- solvents for fats. o : :

.
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"~ MEesopHILIC—Said of bacteria which dcvelop best at the tcmperature of the body—
37° C
) MlCROAEROPHlLlC—Preferrlng low concentrations of oxygen
MELANIN—A dark brown.or black animal or plant pigment.
MEeTaABoLISM—The chemical changes in living cells by which energy is provided for
« vital processes and activitics and ncw matcrial is assimilated.
OXIDATION-REDUCTION—A chemical reaction in which one or more clectrons arc
transferred from onc atom or molccule to another. o
PROTOPHYTA—A group-of the vegetable kmgdom. including the lowcqt and mmplc:t'
. “kplants, such as the bacteria.
- PUEOMORPHIC—OQccurring in various distinct formq within the same specics. -
PsycHrRoOPHILIC—Fond of cold; bacteria which devclop best between 15° and
20°C. Ca
- PENICILLINASE—An enzymehkc substance producd by certain bacterm which has
an- inactivating cffect on penicillin. '
PELLICLE—A thin skin or_film on the surfuce of a liquid.
ProTEOLYSIS—The hydrolysis or decomposition of protcins.
PATHOGEN microorganism capablc of causing discase. '
SAPROPHYTE--An organism which normally inhabits a certain area of the\xody
without  praducing dis€ase.
Spore—Unicellular rcsnstant or rcproductlve body produced by pla its and some
invertebrates.
TaxoNomy—Branch of b ology that deah with the arrangement and ¢ ass:flcatmn,
of animals and plants.
' THERMOPHILIC—Fond of heat; bactena which develop best ata temperature of 40°
to 70° C.
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Laberétory P;ocedures in Clinical Bacteriology ( PartI)
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This workbook places the matenals u need where you need them while you
are studying. In it, you will find the Chapter Reﬁew Exercises and their answers,
and the Volume Review Exercnse You: can “easily compare textual references
with chapter exercise items w1thout 'ghppmg pages back and forth’ in your text.’
‘ . You will not misplace any one of these essential study materials.. You will have
" a single reference .pamphlet in the proper sequence for learning. -

: ‘ These devices in your workbook- are automstrucuonal aids. They take the

place of the teacher who would be directing your progress if you were in a

classroom. The workbook puts these self-tedchers into one booklet. If you will

follow the stﬁdy plan given in “Your Key to Career Development,” which is

in your course - packet you will be leading yourself by easily learned steps to
mastery of your ‘text.

1f you have any questions which.you cannot answ\By referring to “Your
Key . to Cureer . Development” or your course material, use ECI Form 17,
Student Request for Assistance,” ldentlfy yourself and your mqunry fully and .
send it to ECI. -~

Keep the rest of this workbook in your files. Do not return any other part of
it to ECI. : )
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STUDY REFERENCE GUIDE -

Use this Guide as a Study Aid. It emphasizes all important, study areas of this volume.

9. l/se the Guide as you complete the Volume Review Exercise and for Reviewﬂ;zfter Feedback
on the Results. After each item number on your VRE is a three digit number in parenthesis.
That number corresponds to the Guide Number in this Study Reference Guide which shows you .

"where the answer to that VRE item can be found in the text. When answering the items in your
VRE, refer to the areas in the text indicated by these Guide Numbers. The VRE results will be
sent to you on a postcard which will list the actual VRE items you niissed: Go to your VRE.
booklet and locate the Guide Number for each item missed. List.these Guide Numbers. Then go -
back to your textbook and carefully review the areas covered by these Guide Numbers. Review
the entire VRE again before you take the closed-book Course Examination. - o

3. Use the Guide for Follow-up after you complete the Course Examination. The CE results will
be sent to you on a postcard, which will indicate “Satisfactory” or “Unsatisfactory” completion.
The card will list Guide Numbers relating to the’ questions missed. Locate these numbers in the
Guide anc druw 2 line under the Guide Number, “topic, and reference. Review these areas to

A\l

insure your /m};,;-y of the course.

A

Guide . ' ' Guide /
Number Guide Numbers 100 through 125 ~ Number
100 Introduction to History of Bacteriology; 108 Cellular Morphology , pages 3842
Major Contributions in the Discovery of :
) Bacteria; Contributions of Important Bac- 109 Cultivation of Bacteria: General; Growth
teriologists, pages 1-3 Requirements; Physiology; Colony
' s ’ ‘Morphology; Bacterial Pigments, pages
101 Introduction to Aseptic Techniques and 14246 ’ - o
‘1 Sterilization Procedures; Procedures for , ‘ ‘
] Receiving and Collecting Specimens, pages 110 . Cultivation of Bacteria: Anaerobic Culs
— ] 49 . B . tures, pages 4649 :
. . . . 111 Culture Media and Environment: General,;
102 lg-i:nédlmg Microbiology Specimens, pages Gener al Classes of Media, pages 49-51
o : o 112 Culture Media and Environment: Prepara-
. 103 Sterilization and Disinfection: Sterilization tion of Media, pages 5155 5
Fundamentals, pages 16-19 . ! : . .
- 113 Culture Media and Environment: Media

104 Sterilization and Disinfec'tion: Physical
Agent Sterilization, pages 19-23

105 Sterilization and Disinfection: Chemical 114
Sterilization; Chemical Salts, pages 2327 ?

106  Sterilization and Disinfection: Character-

istics of a Good Disinfectant; Asepsis Test: 115

- ing; Practicing Aseptic Téchniques, pages
27-32
= 107 (ntroduction to Bacterial Morphology and ~ 116
Physiology; Cldlification of Bagteria,
pages 33-38. .

5
..,\ ) .
'

| 6265

. Additives; Biochemical Media; Biochemical

Tests, pages 55-58

JUntroduction to Inoculation of Media for

Isolation of Bacteria; Isolation and Cultiva- .

tion of Bacteria, pages 59-62

!

Initial Isolation Prbcedures: General;
Throat and Nasopharyngeal Swabs, pages
W

Initial Isolation Procedures: Sputum,

Bronchial, and Gastric Washings for Acid-
Fast Bacterial (AFB), pages 65-68

[



. Guide S .
g Number-

117 Initial Isolation Procedures Body Fluids;

Exudates pages 68-71

3

118 Initial Isolation Procedures: Urine Speci-
mens; Counting Techniques; Fecal -Speci-
\mens, pages 71-75

o

119 Initial Isolation Procedures: Blood Speci-"
o mens; Genitourinary Secretions; Tissue
’ Specimens, pages 75-77 ®

120 Stain Technology, pages 77-82

- Guide
‘Number

121

| Introduction - to Antiricrobial Agents,

‘Drug Resistance, and Sensitivity Testing;

122,

123

124

125

Antimicrobial Agents, pages 83-85

Mode of Drug Actic;n, paées 85-89

Mechanism of Antibiotic Resxstance pages'

- 8990
Determmatlon of Bacterial Sensmvxty,
pages 9096 >
', Glossary, pages 99-100 . |
&
J
o T




\\‘é ' CHAPT ER REVIEW EXBRCISES S : o
The foIIowmg exercises are&\ udy aids. Write your answers in pencil in the space provided after each
exerase. Immedzately after compl'e g each set of exercises, check your responses agamvt the answers for

CHAPTER | -

.

>

. Objectxve To show a knowledge oftﬁé?ne of the specxfxc historical background of bactenology and how it

de\gloped into the science it is today Ny

A
I . \. ?S . -
- -

I Tobea good bactenologlst you. m ist be a “good detective.” In your own words how does this
apply to your job in bactenology""

ey

2. What pragtices did anpocrate's‘agdvoc;nyé;j for the *‘susgeon.” (1-1) -
‘. :X\ ,'\.:»\ .
i o
\\ ‘| ;o . - . ..
3. In 1546, melamo Fracastoro proposed that\contaglous material can be spread in three ways What
‘ - are they? Do these ways still hold true today\” (l -3) fr SO B . " i
: ’ ) ’ .'h' .
e : ; e 4 o ‘
x;" . . » ) « R . ) It
/ ’
5 .
4. What was the iheory of Spontaneous generation? ‘(2‘-1)
.
5. Spallazani, Schroeder Von Dusch, and Pasteur offeréd probf to discredit the theory of spontaneous :
generation. Irt your own words, briefly explam the,bactenologxcal significance of this proof. )
. (2-25,8,9)

. ‘ ~




6 Lours Pasteur was a major screntrﬁc contrrbutor to the, Golden Age of Bactenologv What “trtle"
has been bestowed upon Pasteur?. (2 9)

e .

7. List two reasons why a bactenologrst might not be able to use Koch’s postuIates in rdentrfymg a
' bacterrum rsolated from a disease source. (2-11) . L

' CHAPTER 2

Objectives: To learn how to handle the various specimens submitted to the laboratory so that proper _
culturing technjques can be used -and to know how to maintain aseptic techitfiques and how to dispose of j‘/
used materials. . ~ L _ . Xa‘ '

“Who is authorized t‘o -prei)z;re the Standard For'm'(Sl'j') 514 segies reh_uesting labOratbry work? (3-2)"' :

1

NI,
— 1

) L g - ) N . - ; . . . A .
How can we prevent a specimen from getting separated from its request form? (34, 6)

When subrmttmg body ﬂurds for culture what mformatron should be entered on the Standard For%"
5147 (3- ll) T v




4

-

6. All food handlerssmust submit stool specimens for examination. Explain. (3-15) -

ﬁ* 7. How does sputum differ from spittle? (3-21) 1 ’ ’
\/ . b
8 Why should you, the laboratory technician, avord tout,hmg the tongue cheek and teeth when S e
‘ collectmg a throat culture? (3-23) : g ' "
L] . b
3 . " i *

9. You have received a throat culture swab. The doctor has orlfesed a smear, culture and sensitivity.

You get ali our materrals ready, make the smear and plate the culture, What is wrong with this _ ‘ '
- procedure" (324) - .

»

10. A physician has ordered three urine cultures on a patient over several days. What does he suspect?

(325) ; RN

11. A three- -glass urine is felt to sepa;e a urine specimen into three anatomically separate specrmens.
What is the separation? (3-29) : . . ‘ A




13.

14,

15.°

16.

7.

18.

lf you are rnterested in rdentrfyrng the bacteria which may be contamed ina specrmen why concern

yourself with matenal on the outer surface of the container? (4 1) o 4

b

cu DN . .

How does working on an absorbent surface such as a drsrnfectant soaked paper towel beneﬁt you T4
in the bacteriology laboratory" 44,5) P v : L

[

What ihree thjngs should-you check when using the centrifuge? (4-6) .

PR ' ) -~y . \ . . . . ‘
List at least ﬁve factors that _you should take 1nto consrderatron when selectrng a specunen contamer"
(4 9) ' : - :

B v
[}
\ L)
Body flu:ds may coagulate after being withdrawn froma patient. Descrrbe three techmque§ you can |
use with a body fluid in-order to culture it. (4- 11) o o
.4 . >

The lapse of time between collection and media inoculation can be a detrimental factor in recovery
pathogenic bacteria. How can a holding media benefit recovery of bacteria? (4-16, 17, 32)

- '
.

Discuss at least tWo reasons why you should initiate culture procedures as soon as possible after
the collectron of the material? (4-18) . ‘ ) : -

S




]

»

. . . T -, . . : T
E R . - . ) _— L
. s . @ . o . . . -

3 : ’ . ’ ~ >
‘ . \ . . . - > T
23.- Phenol is an excellent compound for surface deco.mamma;lon Why is it so good? (4-36) A g ‘
. ﬁ‘.J X
24.  What first aid should be given for a laceration in bacteriology? (441) N
v | C e 3 » ,
25. *How does a laceration differ from a puncture wound in regards to bacterial contamination? (442) .

, . ‘ » . B N - :"

- -

20. In cases of suspected viral dlsease two specxmens are collected for dlagnostxc purposes. How are the

tubes labeled and what is the sighificance of each -specnmen? (4-24)

L] L ol " -
i ’ ’ ’ N P 4 @ ¥
21. Refrxqerarvm at'4° C. is used as a means of temporary stormg of bauterlawnta ing material. What ,
4 cis the main ~dvan_tage, of this means 6f preservatlonfg 4-27) ) ' .
¢ . ¢ t z - : - . p
R - . - . i : ) ‘ - '. . o . . . N

22." When should you not use chemical preservatives to preserve bacterial cultures? (4-29)

v -

’




29.

30.

31.

32.

Aruitoxt provided by Eic
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* Why is an accidental puncture with a needle 'mor:dan'gerousftha‘n & Taceration? (4-42)

27.

s
"
“ .

4

a
——

 ¢’

.
A3 . o

What causes most accidental infection with contaminated fluids? (4-43) : o )

-

Why sheuld you not smoke or ¢at in the laboratory? (4-47) ' ‘ .
) ol N
Who do you protect when you make.an effort to prevent contamination in the labdratdry? (448) - - ‘ e
=] ,' ‘
'« : o

You have sterilized all the equipment and media before using them in stu'dying the bacteria isolated:
from clinical specimens. Why is this procedure important in your work? (5-1)

“The complete destruction or removal ofall living forms of microorganisms” defines which term?
(5-5) : _ :

i




34.

35.

36.

37.

38.

39,

. 3
Explain a _bacterio‘stat‘ic agent. (58) i e

0

Define the term “viability.” (5-11)

How can we destroy viable organisms? (5-11)

What makes the genera Staphylococcus and Barillus differ from each other enough to warrant the
use of a dxfferent means of sterilization for each one? (5-13) :

’

’

In which part of the growth bcycle would spore-formirg organisms be harder td kill? (5-15)

How does the presence of organic matter affect the effectiveness of disinfectants? (5-16, 18)

~

v




40,

41

43,

as.

46.

Drsmfectants do not act 1mmedrately. The speed w;th whrch they react depends marnly on what four
factors" (5- 17) ’

)

a . . LV ) ..

‘ ' . ) [

What factors affect the effectiveness of boiling as a means of sterilization? (5-23, 24)

hS . L

What is the principle of the Arnold sterilizer method. of using free-flowirrg steam? (5-28, 29)

)

What time, temperature, and pressure are routrnely used to stenhze bacterrology laboratory materials )
in an autoclave? (5-32) ‘

Dry heat can be used to sterilize glassware and nonliquid’ materrals What important factors must be
considered? (5-33-35)

List four types of filters that can be used as a mechanical means of sterilization. (5-38)
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49. How do surfactant che_mical agents affect the cell?A(S -44)}

M -

50. Match the substances on the left with the ways they affect bacteria listed on the right. (5-44-62)

.

1. Sulfonamides.\ . a Kills vegetative stages.
2. Halogens. : b. Coagulation of cell protein.
3. Heavy metals. : : c. Interfere in enzyme procesées. N
4. Synthetic detergents. ‘ — _d. Precipitation of various proteins and agglutination
: i : o of bacteria. ' )
’ 5. Organic solx_cnts. A e. Nonspecific chemical combinations.

S1. Which halogen is the most dangerous to use? (551)

52. What kind of bacteria is more susceptible to detergents? (5-55) ' .

ke

itext provided by enic [
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54.

55.

57.

58.

59.

Name the three' ty’pes of detergents. (5-55) o I i .

Halogens are one of the classic means of disinfection. Recently synthetlc detergents have gained
wider acceptance and more use. How do they act on cells? (555)

>

—~

Match the type of detergent on the left with the statement on the right. (5-56-58)

(1) Anionic. : . " a -Active at alkaline pH.‘
(2y Cationic. ' - b. pH independent.
(3) Nonionic. c. Active at acid pH.

. What can be added to ethyl alcohol to increase its effectiveness against spores? (5-61) . -

A practical means of sterilizing plastic articles is by the use of which type agent? (5-67)

Phenol is commonly used in what percentage sttength'? (5-69)

@

The addmon of ethyl alcoho} to phenol solution will increase or decrease the effectxveness of the

phenol. (5-69) , ‘

‘ 14

17 s

e

et




+ 60:

61.

62.

63.

65.

66.

'I‘o offer standardlzanon in measunng the ffectxveness of dlsmfectants whxch agent is used as the
standard? (5-71) : . _— v .

-

e

If we wanted to test ‘'the effgctiveness of a disinfectant, what three condmons must we observe in
-culturing the orgamsms to be used in the test" (5-72) :

. i

.When can we consider a phénol coefﬁéienyt valid? (5-73)

. ! ' - .

What is the best disinfectant for smooth labo'ratory: tabietops? (5-76) ,

«

How do we prevent hospital-borne infections? (G2

Who coordmates activities within USAF hospitals for the prevention and control of hospxtax-borne
infections? (5-78)

©

8

There are three main techmques for testing the sterility activity of the autoclave. What are they"

(5-80) .




g ' /67 Whlch method of” stenlxty testmg is the most relxable mdxcator of proper operatlon of sterilization
cquxpmcnt" (580,83) . - _ : _

.

68. In using the spore strip or ampule as a means of testing autoclave effectxveness would growth of the
o spores after autoclaving indicate that the autoclave is effective or noneffective? (5-83-86)
- S . A\

-8 g

> .
P -
B )

69. When used as a sterility check amipules of Bacillus stearothermophzlus must be incubated at what
temperarure? (5-85) :

- | . 3

- : «

71. - If you are monthly sampling a floor for bacteria, why should you standardize your sampling by
. taking the specimen from one particular area, plant it on one kmd of media and grow it in the
same epvxronment each time? (5-87, 88)

L3

‘
¢

MY P 1§ you were to sum up the list of responsxbllxtles that you have as.a bactenologxst what statement , )
might you make? (5-93) : : —




Objective: To learn how taxonomy, r‘norp}'u.)'l‘qu,,-andf%’phy 'iolbgy‘ of bacteria .‘a;é?vusef;uﬂl_,_‘ parameters in
identifying bacteria, To demonst:ratﬁe a knowledge of'jt_he'ba“s'ic techniques of good .culturing and biochemical -
testing as aids in: speedy identification of organisms from clinical specimens. ‘ : '

1. What is a taxis? (62) -

‘
B .~

2. The most co,vmfnonly used 1me'tho& for classifying’ bacteria is the Code of )Vomenclaruré bf the
Bacteria and Viruses. What pioperties does this code use to classify bacteria? (64) '

3

- » 3. Arrange the following taxonomic _categorie§ in descending _é_equence. .(6_-5,.6)  , )

a ] : o » B _phylum ' . | )

b. L . Kingdom | T
e - genus .

d - , o 3 . family
e _ ' o érder. 7

f o ‘ -tri"be b
g _ | | "~ class ) . _ : B

- K . : : ‘
: ' e -
4. Identify the genus variety and species n;mes bf BaciIIus‘s;zAbtiIis niger? A(6-7-12‘)‘ " o )

A3

! . ! T . - »

5. 'In your work you have cultured an o_rganiém, but you are not sure to what genus it belongs. What
approach should you take in identification? (6-9) '

3
3




"

7. A group of related gen‘er.a isa. ' . (6-13) ' o N

- o
il 9. What are the three principal shapes of b_actéria? (Table 4) i
: ) . ’ [ .
10. Bacteria which obtain their energy from inorganic matérial and their carbon from carbon dioxide A U
are called _ ~__bacteria. Those organisms which require organic carbon are o Cd
’ called _bacteria. Disease-producing bacteria are ‘usually {heterotrophs/ B
autotrophs). (6-20-22) ' ‘ ' . : ' ’ K
: . - . o
L ] ]
11. The unit used for measuring bacteria is the . . (72) >
.
~
° 12, The struetiire of a bacterial cell which contains diffused chromatin material responsible for the - .

reproduction of the cell is the . (Fig. 15; Table 5)




13.

14,

. 15,

16,

17.

18.

A bacillus with flagella completely surrounding the cell is terred _. B . (Fig. 17)

° >

The post-t‘ ission whxppmg of bacxlh results in the arrangement referred toas - . B
(74, Table 6, Fig. 17) ™ '

The genera representmg cocci in fours and in packets of eight are
-~ respectrvely (7-6 Table’ 6) '

As a result of binary fission, bacilli are seen in varrous groupings. Define the followmg terms which
describe the appearance of the bacilli microscopically. (Table 6) .

@ Bacillus. ' . ‘ - - .
b Diplobaciltus. '
c. Streptobacillus. ' .
_d. Palisades. - - N o . .
. l' 5 . :
Ex;ﬁlain briefly the two types of variation. (7-9)- L
N :

Mutation from penicillin-sensitive to penicillin-resistant is an example of what type mutation? (7-10)
. - ‘, . .

M=
ok,
Co»




‘to se¢ after mcubatron" (7- 10)

2 VL - -3 |
i ' 20. Change from smooth “S” colonies to rough “R” colomes is. an example of SR ' , ,
. the second form of variatjon. (7 1) ' L <
- .
- .‘% ‘

21, What is pleomorphism? (7-13)

PO

-

22.  List the five factors that you must consider in cultivating bacteria. (8-3)

- . N . . . ’,

¢ } -
' 23. The majority of human pathogcmc orgamsms grow bes\at a temperature of 37° C. and are called o v '}j‘-vv
o o (8-7) o
N v -
» 24, f)efine a facultative anaerobe. (8-12) -
\
, - :
25.  Défine a microaerophil. (8-14) | e
3\;' 1 ;' G *




In cxammmg, colomes
(R-15Yy

. . [ . . ’ S
. . . ] . .4» . N . . . ' . .
. . St ’ o 4 o

-

27. AnH- type “colony is the result of active flagellar motion. You would expect this type of cplony to
be (sppead out/pmpomt) (8- 17)

*

-

28. The terms “‘rough;” 'f‘smooth.” “heaped,” ar_ld “mucoid” refer to which characteristics of the

~colony? (8-21) . ~ , : T )
. o
29. A heavily encapsulated organism mlght be expected to form a . _ éolohy.l . § o
. 8-21)
30. Describe an S-type colony and an R-typE colony. .(8-22', 23)" ' ° B

<

31. Does the type of medium used to cultivate akbacte;ium influence the color produced by a colony?
(8-24) o v o

8]

&

=

32, What are the two major groups of pigments that you may encounter when studying bacterial -
' pigments? (8-25) )

IText Provided by ERIC



anaerobibsis.' (8-28, 30-35) '

o

€,

34. A candle jar increases the carbon dioxide content of fhe enclosed air by approximately what percent? -
~829) » o ; | » entt

-

N

‘\a@ . . . / _ ‘ , ’ .
3. List at least three growth-promoting substances which should beincorporatedinto a culture medium. . i
-3 . . '
. © 36, Under what specific test com‘iitions‘Would we omit carbohydfateé_._from' blood agar? (9-4)( T T
- | . - o .o \
37. What amount of agar should be added to a liquid base rﬁedium’ for optimum gelling? (9-5) #” . . o
2} A . ) - o
e ; S _ :
38. What are the four principal types of %edia? 99 ) : N
A} : ” . . . $ . !
/ . & ’ K
39. Differentiate between basal media, enriched media,and isolation media. &9“-9'-12)'
- ’ v ' Q
- 4
° . v &
7.
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‘;‘
b
, .
T
1
”
/
43.
- 44,

Drfferentra!.'and selectrve medra are su ' classxﬁcanons of an 1sola 1on medlum. How do they drffer o

-from each other? (9 13, 14) e _ o~ ‘
‘ i w ’ . - : . : - e
. , : £ . )
Why should you use,fresh distil_led'water for reconstituting dry medium? 9-17) . - e

)

You must watch for numerous points. when prepanng ‘media. Match the correct response with the
media or z5uipment. (9 17-24)

.

a Gelatin. ‘l. U'se to prepare 1 liter of finished medium. -~ ~ - .

b. Two liter flask.. 2 Does not destroy heat-sensrtrve lngredrents

o B
3. Drssolve by heatrng to 50 C. in hot water bath.

¢

4. Optimum steriliza'tion time and'tcmperature.

¢ 121°C., 20 to 30 min.

d. Filtration.

. . R
e. Enrichment materials. 5. Should be checked when you are using a formula "
’ and stock chemwals\. . o Y
f pH. 6. Used to prepare semisolid stab cultures.
. 7. Are added after coolrng sterlhzed medium to 45°
to 55° C.
. - 8. Are used in small aliquots. L, T :
N ' 0 . ‘
D) ) - -
Why are bubbles not desirable on agar surfaces? (92729) ' ‘ : . ~
* d . N .
Occasionally, we prepare a batch of blood agar which is lumpy How did this happen and what is B
wrong with using lumpy medrum" (9-31). ' -




4

.
- 4 : L » . N
) . 46. Since moisture is necessary for bacterial growth, can we use a medium which has water droplets on
, its surface to isolate bacteria? Why? (9-37) o
47. A greal many. substances can be added to media for special purposes. Foffinstance, sodium
thiogsy c~llate permuts the growth of anaerobic bagteria because of its reQucing action, Briefly state
{"1e rcasea for using the following additives. (9-3847) :
' *
a. Penicillinase.
b. Crystal violet.
c. Sodium desoxycholate. )
d. Potassium tellurite.
’ e. Antibiotics.
] ’ ' PO -
e 4& -How-can -you- useca;bohydmwiermcmaumwd:es.a&an_axdm 1dcnm¥mg_genem_ancLspeme< nt
bacteria? (949, 50)
~ "
[ 4 .
49.  What three sugars are found in triple sugar iron agar? (9-51)
ts0. Para-dxmerhyl-ammo benzaldehyde (Kovau s reagent) is useful'for determmmg the productxon of what
) Lf\emu.al in bacterial cultures" (9-55) » '
o« - 3 N * - ]
‘ 1 O
- ) N 22 'n
o o ‘ - ‘ | -
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52. Proteolvtic enzymé production can be detected by what test procedure? '(9-59)
o e

53. in the litmus milk fermentation test, what sugar is fermented to give a pusitive test? (9-62)

CHAPTER 4
Objective: To learn how to use a methodical scheme, or approach, in cultuning vanous clinical specimens
v in order 1o identify microorgamsms as carefully and as rapidly as possible. To understand how to properly
2 prepare and stain smears of the specimens and cultures to gain the information needed for correct
identificauon of microorganisms. -
I. What major problem in diagnostic bacteriology do we face today that the bacteriologist Koch faced
in the 1880s? (Intro.) :

B - ‘

Tt

How does the surface streaking technique used on plate cultures help in the isolation of a bacterium?
(10-3) »

3. If we do nor carefully “*pick”" a colony during subculture procedures, what might happen? (104, 5)

)




4.

3

In what instance would we most likely use a pour plate in isolating a bacterium for"identification?

(108

. :
J |
5.- What do you do abouf the water present at the base of an agar slant? (10-11)
6. <List the three types of tubed media and briefly state the use of each? (110-9-12)
) . - T 1
s 7. What is the purpose of diluting certain clinical speciments before inodulati«_m? (10-13)
T - T . - )
8. What mechanism allows bacteria to grow to colony size on the membrane used in filter cultures? ’
(10-14) h ‘ ]
L H) s .
9. What is the reason for using a blood agar streak or pour plate for the initial isolation of organisms ‘
. from a throat culture? (11-3) \ : !
10. How can we test for *“O” hemolysin produced anaerobically by streptococci without doing a pour

RiC

Aruitoxt provided by Eic

plate culture? (11-4)

5&'
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13.

15,

. Why wéuld one wish to use én_térié ‘media for throat culture? (1 1-9)

In what sequence of ptocessmg steps should a sputum specimen submitted for both routme and AFB
cultures be handled" (11-13)

Tubercle bacxlh trom an active case are highly infectious. What can we do in the bactenology
laboratory to prevent becoming infected? (11-15)

What is the purpose of the concentration technique in processing sputum for TB isolation? (11-16)

“

]

Give the advantages of usihg trisodium phosphate as a diges-tant‘of sputum. (11-19)

ERIC

AruiText provided by eric [l

16.

17.

\ e
Middlebrook 7H10 agar is rapidly becoming a favorite mcdlum() grow tubercle bacilli. What is a
major disadvantage. to the use of this medium? (11-24)

’

Clotting is a problem in processing body fluids for culture What can we add to the fluid specimen
to prevent clotting? (11-27) '

25




18. Indla ink can be used to outlme the capsule of __ ' L E
(11.29) N _ X v _ — — .

-

19. Exudates can orgmate in- many parts of the body. What must you k about' this type of specimen

before you can c,ulture it? (11-31-33) 2
—

Sigrunicunt bacteriuria is irlldicated‘ by ‘what criteria when culturing urine? (11-36)

y '
21.  After streaking an agar surface with 0.1 ml. of a 1:1000 dilution, you count 64 colonies. What is ' o
the count of bactefia per milliliter? (11-38) ' ;

(35
[ ]

To process a 24-hour pooled urine specimen for tubercle baulh one should add what reagent to
the urine? What steps must follow? (l 141) : o

23.  Why inoculate selenite-F broth or tetrathionate broth with feces when performing fecal cultures?
. (1145)

24. How can knowledge of the patient’s chmcal diagnosis beneﬁt the bacteriology technician when
Llll[lll’ln" a stool specimen? (114649)

A FullText Providad by ERIC



26. . Ideally, you should dra
can you do if this is n

W a blood culture before the start of antibiotic therapy. Howévqr, what
apssible? (11-57) ‘ :

®
w

27. A smear of a urethral secretion which shows rriany leukocytes and Gram-negative intracellular
diplococci suggests what infection? (11-59; Fig. 40) .

\
- .
!
28. How should tissue specimens be cultured? (11-61-63)
__b*"%w'*w"f*” T V “"l o T "_ ,
& ™. .. 29.. _List the three,impou%,t, points.to. remember when you-prepare smears. (12-4) -
. ' <

30. What is the proper way to pfepare a smear from a swab which appears to be dry? (12-7)

S

31. Slides should “air dry” b_éfore staining. How;v then should you “fix” a slide and why? (12-10)

.

o
(@}
{




32. A chémical group that nges the dye molecule its charactenstrc color is called a___ . .
(12- 12)

e -

33. A substance which fixes (mtenslﬁes) a dye to a cell, thereby minimizing the dye’s removal from the

cell, is referred toasa __~ . .(1213)
’ 34. What is the difference between a direct and an indirect stain? {i2-14) . v J ‘
35. If we'want to demonstrate the presence of a certain feature of a bacterium (e.g., spore or capsule)
one should use a . - stain, (12-14) ' :
) . ’
. [ , '\\’ .
- 36. - Bipol;r staim’hg shows what feature of an ‘organism? Qs - T } -
e ‘

37. Three miajor factors mfluence the final color pattern-on a properly stained smear. What are they?
(12-16)

' . ' N . R ’ .. Y
38. Although the mechanism of the Gram stain reaction is not *fully understood, it {5 believed that the .
property of g\\ell’s being Gram-positive lies in what part -of the cell? (12-19) '

A

a
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39.

41.

42.

43.

ERIC

JAruitoxt provided by Eric:

.40.

4.

(Gram-negatrve/Gram-posrtrve) cocci may appear as a result of autolysrs, agmg, and unproper mcubatron
temperature (1221) :

What would you suspect if on {nicroscopic examination of a stained smear"you notrced heavy
debris and misleading artrfacts ong with the bacterial cells" (12 22)

What is the ‘aétion of phenol in the carbol-fuchsin solution as employed in an acid-fast stain? (12-24) - -

i

LY

What is the major difference between the Zrehl-Nee]sgn and the Modrfied Kmyoun acrd-fast
staining techmques" (12-25) .

What feature of the carbon ‘particles in India ink“must we watch for? (12-26)

-

How can we protect India ink against bacterial contamination? (12-26)

Why is serum or plasma used in the “hiss” method of staining capsules? (12-27)
N ‘ .

E>S

29 ‘ : v
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CHAPTER 5

S 4 . '
Objective: To gain an understanding of the way in'which@ntj,biotics arid other therapeutic agents affect
bacteria; and to learn the principles of measuring microbial sensitivity or resistance to drugs in the
laboratory. ' ' ' S

1. What is a chemical substance produced by living forms, and used as an antimicrobia} agent, called?
o 131y ’ ' ' — : h

-
a

d
- ‘ ’ . . . - V ) R Q\
2. What is meant by selective toxicity of drugs? 13-3)
r ; /;
3. Antimicrobial apents affect bacterial cells by disrupting five functions of the ceil. What are these five
N functions? (13- . '
‘ i
\ \ ‘ ,
. 8
N .
155
4 - . 30 . ) N
‘ B

TS
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4. Is an antimicrobial substance which mhnbnts the growth of an organism bacteriostatic or. bactencxdal" ,
: (139) ’ :

- 5. The cell wall buﬂding block of bacteria is composed primarily of what chemical substances? (14-2)

6. _that isothe p_rimary function of “peptide linkage” in the bacterial cell? (14-3)

. 1. Isthe osmotic pressure ms:de the bactenal cytoplasmic membrane higher or Iower than the outside
pressure? (144) N v
. ~e
. d .
\
M ‘ . o o ) - R o o‘ K v - . o
» . .
8. In simple terms, explam why the cell wall mucopeptides.function lmperfectly when a cell is
sub]t;cted to an environment containing fcycloserme (14-6)
"
9. Most penicillins, although, similar chemically, differ in whgt aspect of their molecular makeup? (14-7)
“ 3 . . (,n o -
@ «
10. What is the role of the cytoplasmic membrane in the bacterial cell? (14-9)
- o . . ) e . - .
5 - . & )
. . . . o
° o o ° o P ° -
H , . s 3
[ A
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12.

13.

14,

15.

16.

o

"11. What explanations have been given for the action of an antimicrobial agent on the cytoplasmic

. membrane?'(14-10)

-

T

¢ o

Why are some antimicrobial agénts effective against pathogenic fungi and not bacteria? (14-12)

R
-

What is the function of soluble ribonucleic acid? (i4-18)

.

What is the purpose of the messenger ribonucleic acid in the bacterial cell? (14-19)

»

Which refers to the buildup of cell constituents from simpler substances, anabolism or catabolism?
(14-25) ‘ ‘ :

. . , y
Which of the below is/are competitive énélo'gs? (1427) ' '

a. PABA, : .

b PAS. - —

¢. "$ulfonamide. ' R

16

N



17.

22.

23.

‘Can drug tolerance be transferred gnong species? aszy 4 o B
<
What two major genetlc mechanisms within a. bacterial cell allow. an organism to develop a reslstance to

What is it that makes niany Staphﬂbcoccus organisms resistani- to penicillin? '(fIS-l)

- . .

a pamcular antumcroblal agent? (15-3) v : : -

What is the difference between transformatxon and transducnon as these processes take place ina
bacterial cell” (15-4,.5)

How does conjugation Sl;i'ffer from transformation and transdugtion? (154, 6)

. o
.- P

Sensitiviiy or susceptibility test procedures are based on'what two princ‘iples'of methodology? (16-3)

: -~ ' %
What methods used for antibiotic sensitivity tests yield quantitative results? (16-6)
. w

L




-

Idedlly, what are the six properties that a good sensitivity test method should have? (168)

~J

?

.

What are the variable factors in sensitivity testing that the technician must try to control? _(16-9)

24,

' ay

7 : . '
Glucose in concentrations greater than what percent may interfere with some antibiotic sensitivity
testing? (16-11) v , : )

Why is a heavy inocylum undesirable when streaking for sensitivity testing? (16-12)

¢ .

L4

What two recognized ‘shortcuts are available when a faster than routine sensitivity result is requiréd?
(16-15,16) - ’ ’ :

29. ‘Why should sensitivity studies be read for results within 18 to 24 hours afger iﬁoculatioh? (16-17)

.

N \ _ . . .
30. What is the difference between antibiotic sensitivity testing and antibiotic assays? (16-2 1) -

,
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: narls of the-**surgeon.” (1-1)

¥

ANSWERS FOR CHAPT ER REVlEW. EXER_CISES‘
- ‘CHAPTER | '

Asa 'bacterrology techmcian and “detective,” I must be able to gather facts about the morphology,

physiology, and in-vitro growth of bacteria. I need to interpret what I see and sort through all the

_.information gathered i in the laboratory in order to come to a deﬁmte conclusion as to the name of an

orgamsm (Intro.)’ - K o T j)
He stressed thé use of boiled water for irrigating woundéand the importance of clean hands and- ﬁnger-

Contacts fomites, and from a distance (air currents), These methods of spreadrng contagious material

. are as true today as they were in the days oéFracastoro (1-3)

Spontaneous generation was a theory that living organisms could orrglnate from nonliving materrals

@)

These men offered proof that bacteria could be excluded from many materials if air curren'ts did

not transport airborne bacteria to the material. The use of sealed flasks, cotton or gause flask plugs,
and the swan-necked flasks helped to prevent the spread of contagious,material into the sterile material.
The disproving of this theory has resulted in the wide use of the sealed containers in the cannrng
industry. (2-2-5,8, 9) ' :

The Father of Bacterrology. 29)

« -
—

‘a. Many organisms do not produce a human disease in a susceptible animal. ,_

b, An organism at times needs to be associated with another organism in order to produce a disease.

(2-11) '

»

CHAPTER 2

-

Patient’s physrcran ward nurse, senior medrcal service techmcran or srmrlar personnel assigned to the
clinic’ are authorized to prepare SF Sl4 serres (3-2) :

The container should be properly labeled to show the name of the patrent register number ward
location, and any pertinent identifying data. Double check to see that the container label and request
slip show the same information and that the two are from the same patient, Wepay have two patients
with the same name. Also look at the specimen source, s¢X, and procedures requested—are they the
same? In short, be positive that all information is rdent{:l and plausible. Paragraph 3-6 glves some rules .
for handling cultures. (34‘6) : :

When symptoms rndrcate circulatory rnvolvement such as chills, fever or convulsrons (3-8)
The specimen source, provisionsl diagnosis, and any antibiotic therapy. (3-11)

An exudate is a material thathas passed through the walls of vessels into adjacent tissues or areas of
inflammation. It can be collected from boils, ear infections, eye infections, and cases of urethritis.
(3-12-14) ' ‘ T -

Food handlers in publrc restaurants serve many people. It is possible for them to harbor various
communicable intestinal organisms. They, themselves, do_not have the disease, but can transmrt the

~ urganisms to food and thereby infect a great number of- pe%ple with para- typhold or typhoid fever.

(3-15) : \

Sputum is a secrétion brought up from the lungs and bronchral tree. Sprttle is generally saliva. (3-21)

»




I1.

13.

14

17.

15.

| 16.

.

You are tryi'ng to determine the organism causing an infection. If we touch these areas, you might
pick up organisms that are not causing the throat problem. The bacteria in the mouth are probably
normal and will only cause confusxon in the isblation of the pathogen in the throat. (3-23) - .

If the smear is made first, it is possible to contaminate the specimen by transferring material from the
slide to the specimen. Slides are not generally sterile. Certainly you don’t want to add orgamsms to the
ones on the swab. This invalidates any work you have done. (3-24) ) ,

A physician might suspect that an organism reported on a urine culture is a contaminant. He has .-
ordered two others to verify the: presence of the organism in the urinary systemn. He ma§ subsequently
order ¢olony counts to check the number of organisms present. To further isolate the origin of the
organisms, he might order a series of catheterized specimens to check where the'organism might be in

. the urinary system. (3-25) -

Of course, the urine must be a clean void. Insure that the patient understands how to clea;;se the
geritals before collecting the specimen. The first part of the specimen can indicate a urethral infection;
the second part—an infection of the bladder; and the third part from the anterior part of the bladder, .
gives a specimen of urine which may indicate an infection in the ureters and the kidney. (3-29)

The contaminated exterior surface > constitutes a source of infection to the handlers. Highly infectious

-material should be carefully handled. If it comes from a treatment area, it should be wrapped in some

manner to prevent contaminating a whole area and certainly the handlers After you have cultured it,
autoclave the whole package. This will insure that there will be no contammatlon 4-1)

“An ounce of prevention is worth a pound of cure!™ It helps to ‘minimize contammatlon causéd by

" droplets, and aerosol, and kills bacteria which fall on the toweling. This prevents contamination again—of

you, your work area, and your coworkers. And of course, an excellent _practice is to wipe down the
work area with a disinfectant when you have finished your work. (44, 5)

a That the tubes are fitted with a tight lid to prevent contammatlon of the specnmen or atmosphe’re
b. That the tubes are not chipped or cracked

c. That the centnfuge is balanced. :

@6 | v

a. "Type of specimen. ‘ ' o LA
b. Source of specimen. '

¢. Analysis desired.

d, Time lapse between collection and inoculation.

e. Final disposition of container. . - ,
(49) . -
The three approaches which might be taken are:

a Allow the material to clot and'then culture the entire clot. -

-b. Use a.sterile anucoagulant to prevent the material from clotting.

c. Perform initial inoculation at the place of collection to'avoid clotting. i
(4-11) ' , C o )
A holding media has many advantages. A few pf these are as follows: .

a. To prevent swabs from drying out.
.b. Convenience of personnel for delivery.

c. Preserve the viability of the bacteria. ) -
d. Maintain ratio of bacteria as when collected.

e. To ship specimen. -

(4-16,17,32)




18.

20.

21

22.
23.

24.

26.

27.
28.
29.

30.

31.

32.
33.

34.

35.

25.

a. Specimens may dry out, allowing many of the bacteria to die.
b. Certain fluids will change pH due to actlon of growing bacteria. This change in pH is detrimental to

certain orgamsms o N
¢. The original ratio of bacteria will be altered. Fast growing nonpathogens will ovgrgrow sigw grovgmg
pathogens. This may give a false indication as to the predominating orgamsm o -
(4-18) .

" Asbacteria are frozen, crystals tend to form within the bacterial cell. These crystals, in turn, may

puncture the cell and cause destructlon Bacteria must be frozen under controlled conditions. (4-23)

The tubes are labeled “acute” and ‘convalescent.” “Acute” refers to the specimen collected while the

disease is'in process. “‘Convalescent” refers to the specimen collected after the disease has subsided and
antibodies have had a chance to build up within the body. The results of both specimens are compared
and either one separately has no meaning in relation tqgthe course of a disease. (4-24)

Theetabolic process of the bacteria is- slowe&o a pdmt where multiplication is hlmost impossible. This
tends to retain the original number of bacteria. (4-27)

Chemical preservatives should never be used to preserve bactenal specimens. (4 29) -

Phenol is absorbed as a thin fau'ly durable’ﬁlm on surfaces to which it is applied. A residual of phenol -

serves to destroy bacteria for several hours after application. (4-36) w

Rinse the area well with running water, wrap w1th sterile gauze or suitable matenal then seek
medical aid.{441) . .

A puncture wound is usually -deeper than a laceration and has less bleedirig. Ae a Tesult, baaeria are
forced deeper into the tissue where they have a better chance for §urvival. (442)

A needle wound is more dangerous because there is no bleeding and microorganisms may be forced
deep down into tissues. Bleeding washes rrucroorgamsms But of wounds and there is little infection
if the bleeding is stopped aseptlcally (442)

“Carelessness and negligence. (443)

Too much suction and dirty plpettes. (445, 46) ' *

Itis not safe. Most people have a habit of putting things down for a while. If ybou lay a cigarette on a \
laboratory tabletop you run a great risk of gettmg an infection. Remember, bacterial contamination is
not visible to the naked eye.(447) - ) - . . . oS ’

Yourself of course. Your family, in that you might take an infection home with you. Your co-workers
who work with you. And, finally other members of*the hospltal staff and patients who might have to
come into your work zja (4-48) o s

Bacteriological identifigation requlres that pure cultures of rrucroorgamsms be studied. Unstenle
matenal will contain contaminating organisms. (5-1)

Sterilization (5-5)

Sterilization means the complete destruction of the vegetative and spore stages of organisms. Dlsmfectlon
may not kill the spores, thus not affecting complete sterilization. (5-5, 6)

T

An agerit which does not cause immediate death of an orgamsm but rather acts to prevent multlphcatlon
of the organisms. (5-8) , . ,

Viability means the ability to live. A viable organism is capable of t;ulﬁlling all of life’s processes. (5-11)

[ | : .
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37.
38.

39.

'i Yo 40.

41,

45.

46.

47.

49.

50.
51.

52.

By altering either the physrcal or the chemical surroundmgs of the orgamsm or both, thereby,
affecting its life processes. (5-11)

~

Biochemical behavior. More specifically, the genus, Bacillus is a spore producer as the environment
changes. If all the factors are not favorable to growth, cells will develop spores until more favorable
conditions are available. The genus Staphylococcus does not develop spores, and therefore is easily
killed by disinfectants. Bacillus needs to be sterilized by heat and pressure (autoclavmg) (5-13)

At the end of the statlonary and all of the senescent phase. (5-15)

Organic matter in solytion with bacteria will readily combine with the disinfectant. As a result, the
bacteria may not be harmed by the decreased effectiveness of a disinfectant. You may have to use a

stronger drsmfectant fora longer period of ume to actually kill the bacteria. (5-16, 18)

a. Concentration of organisms. ' _ '
b. Concentration of disinfectant. o

. ¢ Temperature of disinfectant.

d. Presence of cells in the culture having varying susceptibilities.
(5-17) ) ’

a. Water reacts with the protein. (Denaturation)
b. The altered or denatured protein coagulates with heat. -
(5-22) - : .

‘Time and t&mperature, both of which are related to altitude (pressure). (5-23, 24)

The Arnold Sterilizer uses the .principle of Tyndall, whereby alternate heating and incubation destroy’

“vegetative forms and allo® spores jo germinate to vegetative stagesand then to be destroyed by

successive heating. (5-28, 29)
15 minutes, 121°C.,and 15 pounds (5-32)

Don't overload the oven:
low plenty of room for the hot air to circulate between the artlcles and the walls of the oven.
llow the recommended times and temperatures for the oven. It might also be suggested that you
me the heating cycle after the oven has reached the t&mperature recommended.

o oA

Berkefield—“‘infusorial earth.”

Chamberland-*"*unglazed porcelain,” | _ ‘ .
Pyrex brand—*fritted glass.” '

Seitz filters—* compressed asbestos pads.”

(5-38)

AS OB

A filter achieves sterilization By absorbing microorganisms on the surfaces of the filter, Therefore

_you must be sure the filter is sterile prior to its use. (5-40)

‘ . - ¢ -
a. Surface layer. .
b. Nuclear material.
¢. Enzyme systems.

(5-42)

Surfactants coat the cell wall of the’baeteria and prevent it frr)m absorbing or utilizing nutritional .
materials. (544)

I, 2e, 3b,4d, Sa.(5-44-62)
Bromine. (5-51) - ) . : .
Gram-positive bacteria. (5-55) '



54. .

55.
56.

57.
58.
. 59.
60.
6l1.

72.

Amonlc cationic, and nonionic. (5-55)

Detergents are strong surface acuve agents. They are nonirritating and in fairly weak solution are still
effective against vegetative forms of bacteria. They act to precipitate various proteins and agglutinate
bacteria. The detergents are relatively morg bacteriostatic than bactericidal. They are essentially

three types—anionic, cationic, and nonionic. (5-55)

lc, 2a, 3b. (5-56-58)

Acid such as sulfuric, or a base such as sodium hydroxxde can be added to a 70 percent ethanol solution
increases its effectiveness. (5-61)

Ethylene oxide. (5-67)

Five percent. (569)

Decrease. (5-69)

Phenol (carbolic acid). (5-71) . ' g

We.must use a single kind of media: a single environment for growing the bacteria and the temperature

must be the same. (5-712)

-Only when all conditions and procedures in the test are standardlzed and controlled. (5-73)

An emulsified disinfectant or a liquid dlsmfectant containing a wetting agent. (5-76)

To prevent hospital-borne infection, we must use aseptic techniques as routinely as p0551ble Also,
the hospital must have a program of aseptic testing. (5-77)

The Hospital lnfectlonx Committee. (5-78)

a. Use of heat-sensitive indicators. ;

“b. Testikg the equlpment itself, by culturing.

Noneffettive. (5-83-86) o | ' .
55°C.(585) |

All organisms in the culture must be identified. If they are saprophytes, the room is clean and can be
used for the next patient. If we isolate pathogens, which may be from the previous patient, the room
must be cleaned and disinfected again and the room recultured to make sure that all the dangerous
organisms have bedn killed. (586)

Sampling technique must be standardized because no hospital is sterile, and a certain number of
potential pathogens such as Staphylococcus aureus will be found on floors at all times. Your testing
will indicate the number of organisms present when the floor is clean, and an increase would indicate
the need for additional cleaning. If your tests indicate a change in organisms present on the floor and
these were similar to the pathogens: of a previous patient, it would indicate a need for recleamng
(587,88)

Be careful and vthoroug'lh in all your technical work! It is important to exartiine your proceduree and
techniques to be sure that you are doing all you can'to isolate organisms. You must be careful to insure
that you are helping to solve a problem and not contributing to it. (5-93)

- J .
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CHAPTER 3 o s

\
\
’ ’ ‘
\
i

& o " ' ' , ‘ o
k I. A taxisis an “arrangement.” In our frame of reference, it would be an orderly arrangement or sorting of
. microorganisms within an organized classification system. (6-2) S '\

2. All known properties of an organism. The propenies include, shape, grouping; motility, Gram-stain .
reaction, and growth requirements. These fall into roughly three categories—morphology, physiology of
life processes, and a mmcellaw group of characteristics. (64)

Kingd.m

Phylum

Class. »

Order.

Family. : : )

Tribe. o : .

. Genus. . : _ : ’ (
( 6~5 6)

4. a. Bacillus - genus.
'b. subnlis—species.
t. niger—variety.
(67-12)

5. First,you would gather all available data about the organism such as morphglogy, behavior on laboratory
culture, antigenic makeup, and other specific facts. Then, correlate this information with data of

" “type specncs" morphologically similar genera. This would usually a}gow you to decide what genus
your isolate belongs in. If there is still doubt as to the identity of the unknown, you should work
with a reference laboratory to double check your data. The finding of a previously unknown bacterium

@S AN OR

in the clinical laboratory is a rarity. (6-9) , ’
6. A strain or variety. (6-12) ‘ ' . ‘ ‘ < )
7. Family. (6-13) ‘ , , ' e . ) .

8. Morphological charactenstlcs include size, shape, 4nd arrangement of cells and internal cellular -
structures. (6-18)

9. Spherical—coccus, rod-shaped-bécillus, spiral-shaped—spirillum, (Table 4)
~10. Autotrophic, heterotrophic, heterotrophs. (6—20-22)
1. Micron.(7-2)

- : N : :
12. Nucleus. (Fig. 15; Table 5) ‘ ' ' &
13. Peritrichous. (Fig. 17) - ) ‘
14. Palisade formation (74; Table 6; Fig. 17) ’ yf
15. Gaffkya, Sarcina. (7-6; Table 6) -
16. a Occurs singly. o .
. b. Occurs in pairs attached end to end. -
¢. Occurs in chains attached end to end.
‘ d. - Occurs as rows of bacilli — side by side. (Table 6)
17.. a Mutation. Change within the genetic structure of cells in a culture.
b 'Adaptation. Change in appearance or behavior influenced by environmental factors. (79)
. x
b " N
) S/
V 40 > 1 1 Aa -
’ hed c ' 3
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Spontaneous muiation. (7-1’0)

: ] ,
First, you would sce that a vast number of bacteria that were plated did not grow. In fact, you might
observe slow growth on the plate. In time, however, you would see isolated colonies of the resistant

_ bacteria. This exact phenomenon is seen in-vivo also. The patient may be seen to improve after treatment .

and then relapsé due to the increased growth of a resmant strain, (7-10) _
Adaptatlon 7-11) . o
A variation in the naturally occuring size and shape of a particular bactenum (7-13)
Nutrition(proper food).

Moisture.

Acidity/alkalinity (pH).

Temperature. ~

e. Gas exchange.
(8-3)

Mesophilic. (8-7) s

an oK

Eall

* An organism which prefers to grow as an anaerobe, but can adapt to aerobic conditions. The vast

majority of medically significant bacteria are in this category. (8-12) _ &
An organism for which oxygen is 'tc')xic, except in minute amounts. (8-14)

Shape. outline, size, and texture. (8-15) ’ ' . ,

Spread out. (8-17) ' ‘ |

Texture: (8-21)

"Mucoid. (8-21)

An S-type colony is smdoth translucent, convex, glistening, and circular in appearance. An R-type
colony is generally dull, less translucent than an S-type colony, and has an megular edge with a wrinkled
or rough, granular surface. (3-22,23)

@

Very definitely! Colonies on dye-free media are white or gray and opaque or translucent However
pigment-producing organisms on different dye containing media will produce color, dependmg upon the
specific media. From your own experience, you know this is true in enteric work. For instance, an

E. coli will show different colony colors when plated on EMB agar——green-gold metallic sheen, MacConkey
Agar—pink to red, and blood agar—gray white. (8-24) ?

Leukobases, lipochromes. (8-25) = ¢

Bréwer anaerobic jar, Pyrogallol anaeroblc techmque (Bray dish or filter paper), and thioglycollate
medium. (8-28, 30-35)

~ 7/
2 to 3 percent. (8-29)

n

Any culture medium should have sources of organic or inorganic carbon, nitrogen, and inarganic salts.
But other substances—blood, serum, amino acids, or vitamins—may also be necessary. (9-3)

Carbohydrates are detrimental in a culture medium when we are trying to study formation of hemolysins.
(94)

1.5 to 2.0 percent. (9 5)

4

Basal. enriched, isolation, and biochemical. Isolation mgdia may be either selective or dlfferentlal in :
their actions. (99) o 2

41
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A basal medium contains only basic ingredients needed for the growth of nonfastidious organisms. An
enriched medium is a basal medium which has certain enrichment materials added, as needed, to grow
specific f:gi\daious organisms. Isolation media are basal media to which specific (usually inhibitory)
agents have been added as an aid to-obtaining a pure culture of an orgamsm from a mixed populanon
(99-12) .

Differential media distinguish between closely related bacteria on the basis of fermentation"reactions or
the production of metabolites whose presence can be detected by a color change in the medium. Selective
media contain an additive Wthh permits one bacterial species to grow while simultan usly inhibiting

the reproduction of contaminatmg organisms. (9-13, 14) T '

Because watgr which has been stored for a long timie absorbs enough gases from the air during storage

to alter the pH of the finished medium; therefore, it is best to use fresh distilled water, (9 17)

a (3). .
b (1).
e (4). . B

d (2).

e (7).

£ 6. -
(9-17-24)

@ Bubbles tend to “spring” wire loops, thereby offering a cliance for bacteria to become airborne.
b. Media surfaces may be cut by the loop, and in so doing, be wiped free of most bacteria. (3-27-29)

The agar base was allowed to cool dqwn too much before adding blood and pouring into plates A
lumpy medium does not have an even distribution of nutrients and enrichment materials, thereby
giving pour culture results and erroneous hemolytic reactions. The same organism may give us

several dif ferent reactions on the same plate. It is also hard to streak a plate with lumpy surfaces. (9-31)

Absolutely never! All plates should be inverted and in&ﬂbated at least 18 hours to check for sterility.
Otherwise, we cannot be sure that airborne contaminants have not been deposited on the medium
surface. The finest sterile technique cannot preclude this eventuality. (9-37)

No! Excessive moisture enhances the possibility of contamination yourselt and the entire laboratory

. during plate streaking. Moreover, a film of water or water droplets makes it ditticult to obtain isolated

colonies of bacteria. (9-37) - . o

a. Inhibits the action,ot penicillin and streptomyun iwpeC|mensTrom patients who are taking these
drugs.

b. Has bacteriostatic action and can be etfectively used to inhibit staphylococci when we are Hying to
isolate streptococci.

c. This bile sait inhibits growth of Gram-positive bacteria. It wnll also suppress the motility of -
flagellated bacteria.

d. Retards growth of most br.im neg.mve bacteria. lt 1S espeually useful when trymg to isolate
C. diphtheriae.

‘e. Can be used to eliminate contammnating organisms. Especially uselul in fungus t.ultures

(9-3847)

‘ : v
The ability of a specific orgamsm to attack and break down a particular carbohydrate is a useful
charuactenstic. By carefully selecting the test carbohydrates, we can obtain a pattern of fermentation
reactions whicy are characteristic of specific organisms. (949, 50) -

Lactose, such and glucose. (9-51) A
Indole. (9-55) o R : i
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The MR test measures the ability of an organism to produce acids from dextrose. These acids are not
further broken down. Henee, the Methyl Red (MR) indicator registers a change of pH in the culture.
The Voges-Proskauer (VP) procedure tests the ability of an organisni to prodice ap acid from dextrose,
but rhe acid (pyruvic) is then converted to a neutral end produce, acetylunethyli-carbonal. (957, 58)

Gelatin liquifaction. (9-39)
Luctose. (9-62) »

»

CHAPTER 4

How to separate pathogenic microbes trom harmiess or’gdnisms" with which they grow in close =«
association in nature. As sirnpie as this may sound, this i isone of the most perplexing problems in
diaguostic bacteriology. (Intro.) :

As the wire loop is streaked bagk and torth across the plate, fewer and fewer organisins are deposited
on the medium surface. Eventually only single cells are deposited. The single cells can then multiply into
well-separated, pure coloriies which can be subcuitured for identification. (10-3)

A muxed cuiture subcultured to a broth or agar medium will yxeld a typical results when used in
biochemical tests. (104, 5)

Pour piates are most useful to determine the type of hemolysis produced by strains of streptococci,
especially the 0" hemolysin of beta hemolytic Streptococcus. (108) =

Drain it off! If the siant is too wet, resultmg growth wrll not be characteristic of the species. (10-11)

a. Liquid breth culture: Used to mamtam viability of an organism. ’ o .

b. Slant culture: Used in biochernical tests as well as to maintain stock cultures in the laboratory
c. Stab culture: Aiso used in biochemical tests especially for.anaerobic organisms.

(109.12)

1t allows for growth ot rsolated colonies from those specimens whrch containa large numﬁ(\'/of

bactena. Diluting the specimen with a known volume of tluid also permts us 1o estimnate acc.urately
the number of bacteria present in a heavﬂy contaminated specrmen (10- 13)

The membrane is placed ona plate of conventional nutnent agar Nutrients necessary to the growth
of bactena are absorbed through the membrane by the growing colony. (10- |4) A

7

Bloud agar aids in detecting nernolysin-producing organisms, differentiates between types of hemolysis,
and turnishes thé nutrients required by many fastidious pathogenic bacteria. (11-3)

R ¢ ‘ : .
Therelare two acceptable methods: one, make two or three cuts in the heavily inoculated area of the
plate, or alternately, place a sterile coverslip @n an area of the streaked plate to provide anaerobic
conditions on the-agar surface under the covergsiip. (1 f4) ' '

To isolate enteric orgamsms which mrght be found on occasion in the throat or nasupharyngeal area,

~especially 1n young children. (11 9 ‘ .

First, we would se1 up onr routine smears and cultures. becond we would start our AFB procedures.
Processing must be done in tinis order, because the drastic digestion and concentration techniques for
the tubercle bacilluc uestroy other mcroorganisms. (11-13)

We must alvoay s e caretut wnen h'andlinu inf'ec.trous malerial A hood is strongly recommended when
handiing Af B specimens. Aiso, it helps 1o dip the loop in phenol betore tlanung it. This reduces con-

"“tamination trom sputtering as the sputum incinerates. (11-15)

.
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Concentration procedures free mycobacteria from the tissue particles in which they may be lodged. The
digestion of tissues which takes place during concentration also destroys organisms other than the -
tubercle bacillus, so that thé contaminants won’t overgrow the TB germ during incubation on isolation-
media. (11-16) - .o ' v 4

It allows digestion to proceed slowly on those specimens which cannot be processed right away. It is
useful on specimens having large quantities of muceus. It can be used to mail specimens. Tubercle

“bacilli remain viable after a week’s exposure. (11-19)

Middlebrook 7H10 agar requires a 2- to 5:percent CO incubator, candle jar, or by sealing the culturesin

a plastic bag with a cultufe' of M. phlei. (1124) -
Heparin. (11-27) ‘ .
Cryptococcus neoformans. (11-29) : o

Exudates can contain any of-the .most'comm‘only isolated microbes pathogenic to man. Therefore, we
must know the anatomical site of thg body from where the specimen was collected, and the morphology of

-the organisms as seen on direct smear$ beforeé we can decide what media to use to culture the specimen.

(11-31-33) . :

. . ) -
If 100,000 bactefia or more per milliliter are isolated from.a “clean” or *‘midstream” voided urine, a

-

 disease process is indicated. CounTs ranging from 10,000 to 100,000 suggest an infection. A count of* v
. less than 10,000 per ml, of urine is generally considered insignificant. (11-36) B

64 X 10 X 1000 = 640,000 ml. (11-38)

Tannic acid (2 to 3 g.) should be added and the entire solution mixed. The mixture should then be
placed in the refrigerator overnight (or for 12.hours). A brown precipitate will form which will contain

-

- the organism. After centrifugation, the sediment is ready to inoculate to media and prepare smears. (1 141)

‘These breths will inhibit the growth of saprobhytés while allowing the pathogens to grow.AThis allows

for the recovery of pathogens when a very few such'prganis‘_\ms._arg present. (1145) . . v

There are a great number of media which you can use to culture stool specimens. Suspicion of what may
have caused a patient’s condition will give you a better idea of what media to use. Knowing what the
clinical symptoms are might help you to decide what genera of organism you are dealing with. Ask the
physician—then decide. You may use your usual routine primary media or a specific—highly inhibitory —
media, or both. Besides the use.of an enrichment broth, primary plating some of the original specimen
will save time if you find suspected organisms on the plates as isolated colonies. These colonies can then
be picked and restreaked for purification and confirmatory culture steps. (114649)

For the cultivation of Streptococcus faecalis organisms. (11-51)

You can.overcome the bacteriostatic effect of a drug by {1) limiting the inoculum to less than 5 percent
of the total culture fluid volume (dilution will lower the drug concentration below an inhibitory level);
(2) adding 5 mg. % PABA to counteract sulfonamides; (3) incorporating the enzyme penicillinase

to inhibit penicillin or streptomycin; or (4) waiting and hoping that the natural deterioration of a drug
during the incubation period will let the bacteria grow. (1157) '

“This type.of smear generally is diagnostic of gonorrhea. You should also culture some of the secretion on

blood agar andichocolate agar under CO, to tonfirm the presence of Neissena gonorrheae. (11-59; Fig. 40)

It is very important to know the origin of the specimen. You should consult with the pathologist or
surgeon to insure that you know what organisms might be expetted in the specimen based on clinical
evidence. The use of thioglycollate medium is certainly important to try to isolate both anaerobes and
aerobes. Stained smears are definitely helpful in determining the choice of media or culture conditions.
(11-61-63) ‘ i :
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¢ Air dry the smear completely. . =~ .

a. Always use clean slides.
b. Make more than one slide of a specimen. .o o

(12'4) o "

°

Place a drop of normal saline on the slide, then emulsify the matenal on the swab and smear the rhatenal

_ evenly over the slide surface. (12-7) *

We fixa slide by passing 1t through the flame of a bunsen burner two or three times. It should be warm
to the touch—not HOT! Heat-fixing makes the bacteria stick to the slide so they don’t wash off during

- staining, Overhedting will char the bacteria and alter their staining properties. (12 lO)

Chromophore. (12-12)
Mordant. (12- 13).. | o

The direct stain stains the mrcroorganrsms"to glve general characterrstrcs of cell morphology, whereas
the indirect stain merely colors the background leaving the organism unstmned and contrasted against
the background (12-14)

Selective stain. (12-14)

1
Sy

-

It means that cellular constituents are concentrated at both ends of the cells and stain more intensely or
accumulate dye to'a greater extent. Bipolar staining shows that the organism is characterized by a
concentration of cellular elements at both ends of the cell—-elements that stain more®intensely than the
cytoplasm (12-15) _ N coee

Concentration of dye. the concentration of the bacterra on the slide, and the length of time that the

stain is in contact with the bacteria. (12-16) . a

Wrthrn the rrbonuclerc acid component of the cytoplasnuc membrane (12-19)-
Gram-negative. (12-21) ' ’ : ' o

Smears were not properly air-dried before heat-fixing and the debris is a result of precipitated protein
material carried over from the culture or specimen. (12-22)

The phenol serves as a carrier of the fuchsin dye in penetrating the lipid layer of the cell (12-24)

The Ziehl-Neelsen stain uses heat to force the stain into the cell, whereas the Krnyoun method usesa
surface tension reductant such as tergitol. (12-25) : ' PY

The finer the carbon particles in India ink, the better the ink is for the negatrve stammg procedure.
(12:26) ,

By adding phenol in a O.S-p.ercent concentration by volume to the India ink (12-26)

The serum or plasma causes the capsule to swell and allows easier penetration of the dye. Q2-27)
The dye covered smear is steamed and the heat drives the stain into the spore coat. (12-28) .

To observe motility of living mlcroorgamsms (12-29) . ‘ N

Flagellar motion is generally directional movement in which the individual cell moves from one placé to
another. Brownian movement is a wbratory motion of a bacterial cell in a limited ﬁxed position caused
by molecular bombardment. (12-29) o -

CHAPTER 5

“

Antibiotic. (13-1)

»
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The. term *selective toxrutv " describes a concept: of destroyrng or suppressing the growth of pathogenn.
microbes by antimicrobial agents that do not. injure the trssues of the human host. (13- 3)

s

‘() Cell wall formation, (b) cytoplasmic membrane functron (c) protern synthesrs (dl nucleic acid o ) W -
metabolism, and(e)rntermedlary metabolrsm (13 7) S :

’ 4, Bm.t?/l’lklsldtll.. (1 ?-9)
‘ 5. Mucopeptides.( 14-") : . - - ,.
(:. The pepude Imkage between amino acids permits the union of these acrds to form larger molecules of ¢
. nrtrogenuus substances such as polypeptrdes and proteins. (14-3) . :
7. Higher.(13) ' , ‘ ' N

v 8. Cyclosegine molecules resemble molecules of the amino acid alanine. The bacterial cell, not able to tell . -
¢~ thedifference, picks up the cycloserine molecule. It does not function as'well as the alanine molecule.
Therefore. cell peptide formation and possibly other feactions involving alanrne are blocked (14-6)

o CR The\ drlh.r in the chemical composrtron of their side chains. (l4-7)

10. - It provides a barrier thdt regulates the flow of fluids and metabohtes into and out of the cell. It may
also aid in the synthesis of other cell structures. (149) . : ‘.

- " .

b
t1. J‘hc antimicrobial agent combines with a vital part of the brane, thereby altering the membrane’s
G

ability to move material into and out of the cell. There mg¥ also be a loss of selectrve permeability such ‘ ' -
, that some of the internal components can leak out of the 14- IO) ' :
i
-\ 12.% The tungi have a steroI component:in their cytoplasmrc membrane with whrch the antimicrobial agent
‘ can act. The bacteria do not. (14-12) o .
13. Soluble RNA serves asa transport medium between raw materials (amino acids) and the protein " :
. - manufacturing site of the cell. (14-18) : : '
: Y ——
4. Mgssenger RNA' transmits from. the nuclear DNA to the ribosome, the necessary genetic coding Y )
| instructions for making protern (14-19) - v . : -
o 15.  Angbolism. (1&:24) S ST N '
- 16, b PSA,andc sulfonamide. (14-27)
l ' 17.  The celis produce an enzyme, penicillinase, that breaks down penicillin. (15-1) .
| - _ - 18. In many species d,rug tolerance can be transferred betwecQ cells. (15-2) v . - .
19. Spontaneous mutation and the exchange of genetrc material between cells. (15-3) ' . *

20. &Transformatron is the process whereby one cell takes up the nuclear elements (genes) derived from
* " another. Transduction is the transfer df genetic material from one cell to another with the help of
batterrophages (viruses). (154, 5)

21.  With conjugation, genetic material is passed drrectly from one cell to another during physrcal contact.
With transformation and transduction, the transfer of matenal is rndrrect not requmng that two cells
have physical union. (154-6) . . :

22, Dilution and diffusion of the antimicrobial agent. (16-3) '

Dilution. (16-6)

Full Tt Provided by ERIC.
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A dlstmct end point.
Applicable to all therapgutic drugs. . ‘
Suitable for use with all pathogens. _ -
Give results in'a short time. : o . '
e. Permit re;ognmon of pathogens as Opposed to contaminants. .
f D|fferent1ate strains wluch are morphologlcally similar.
(

168) o . ' .

a. pH of media. S _
b. Composition of media. #

¢. Size and naturg of moculum

d. Incubation time. . ' !

e. Growth requirement dlfferences

f. Drug stability. B .o : L o
(169) o -

05.(16-11)

‘A heavy inoculum may provide enough organisms to neutralize the antibiotic and overgrow a zone of
mhlbmon thus giving a false-negative sensmvny reaction. (16-12)° v

a. As soon as colonies appear on plating media ma«.roscopu.ally they can be subc.ult ured for sensmwty
testing before positive |dent|ﬁcatlon is made. |

b. Sensitivity discs can be applied directly to.a plate streaked with the ongmal cllmcal specimens.

(16 15,16)

After 24 hours, growth may be so great asto obscure some sens1t1v1ty results. (16- 17)
% . + . -
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I.MATCH ANSWER 2'3"§§C|NLUM'“ L
- _ SHEET TO THIS NCIL. .
STOP EXERCISE NUM-

BER. | B

412 01 21
_VOLUME REVIEW EXERCISE

Carefully read the follo,wing:-

Do's
1. Check the “course,” “volume,” and “form” numbers from the answer sheet address tab against the
- “VRE answer sheet identification number” in the righthand column of the shipping list. If numbers
- do not match, take action to return the answer sheet'and the shipping list to ECI immediately with
a note of explanation,

2. Note that numerical'sequence‘or) answer sheet alternates across from column to column. o

0

3. Use only medium sharp# 1 black lead pencil for marking answer sheet.

4. Circle the correct answer in this test booklet. After you are sure of your answers, transfer them to
the answer sheet. If you have to change an answer on the answer sheet, be sure that the erasure is
complete. Use a clean eraser. But try to avoid any erasure on the answer sheet if at all possible. '

L

5. Take action to retﬁm entire answer sheet to ECI.
- ‘ ’ _ o
6. Keep Volume Review Exercise booklet for review and reference. g L’.

7. 1f mandatorily eniolled student, process questions or comments through your unit trainer or OJT .

supervisor. : , o
If voluntarily enrolled student, send questions or comments to ECI on ECI Form 17.

F
DONT ' : -

1. . Don’t use answer sheets other than one furnished specifically for each review exercise.

2. Don’t mark on the answer sheet except to fill in marking blocks. Double marks or excessive markings
which overflow marking blocks will register as errors. :

3. Don't fold, spindle. staple, tape, or mutilate the answer sheet. .

4. Don’t 1}se ink or any marking other than with a # 1 black lead pencil.

Note: The 3-digit number in parenthesis immediately following each item number in this Volume
Review Exercise represents a Guide Number in the Study Reference Guide which in turn indicates
the area of the text where thie answer to that item can be found. For proper use of+these Guide
Numbers in assisting you with your Volume Review Exercise, read carefully the instructions in
the heading of the Study Reference Guide. '

57




. ' A - Multiple Choice

Note: The first three items m-thrs exercise are based on instructions that were included with your course

. materials. The correctness or incorrectness of your answers to these items will be reflected in your total score.
There are no Study Reference Guide subject-area numbers for these first three items.

1. If I tape, staple or mutilate my. answer-sheet; or 1f I do not cleanly erase when 1 “make changes on the

. sheet; or if I write over the numbers and symbols alonig the'top margin of the sheet, o '
a. my answer sheet wrll be unscored or scored rncorrectly S
" b. Iwill be required to retake the VRE. ) { ’
.. ¢. my answer sheet will be hand-graded % ' o -
d. I will receive a new answer sheet.

Y

2. Seo that the éleatronic scanner can properly score my answér sheet, I must mark my answers with.a
a. pen with blue ink. - ‘ “c. ball point or liquid-lead pen.
b. number 1 lilack lead pencil. » - d. pen with black ink.,
3. - The form number of this VRE must m_atcﬁv _ ) _
~ @My course number. o ; c. the form number on the answer sheet. ’
b. the number of the Shipping List. - d. my course,yolume number. .

Chapter 1.

4. (100) Who is knownvas the father of medicine?

a. Redi. : ) ' ¢. Fracastoro. .
b. Pasteur. . d. Hippocrates.

L
.

5. (100) The theory that living organisms could originate from nonliving materials is known as the theory of
. -

a. spontaneous generation. e fnicrofermentation. 7 R

b. organismic multiplication. _ d. seif-multiplication. ;
6. (100) The father of aseptic suréery is ‘ o

a. Louis Pasteur. = : c. Joseph Lister.

'b. Robert Koch. ' - d. Francesco Redi.

‘Chapter 2 N \

: 7. (101) The Standard Form (SF 514 serres)

. can be srgned by authorized ward personnel if the physrcran has srgned the DD Form 728
. can be completed if the nurse thinks the particular test {s necessary.

. need not be signed by the physician if he has srgned the-Doctor’s Orders sheet.

. must be srgned by the physician. / ‘_

Ao oo

8. ( 101) Material that has passed through the walls of a vessel and into surroundmg tissues is called

-

a.a transudate ’ ' ~_ c. an infusion. e
b. a serous fluid. . d. an exudate.

«

174
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9. (101) Which of the following is partrcularly difficult to rsoldfe if there is a delay in culturmg rectal

. .swabs? / ., C ‘

o . ' a. Shigella spp. - " ¢ E coli. , o . .
N b. Proteus morganii. . d. Staphylococcus spp. ‘ .
- 10.  (101) Why are catheterized Specimcns obtained for 'rxrine cultures? \ .

a. Voided specimens may contaminate the collection bottle, =~ . .

- ' b Catheterizing the patiént is more convenient than collecting a *“clean catch.”
oided specimens may confain saprophytes. L

d Culturcs can be set up more casﬂy with a catheterized specimen. :

u

: N . -
1. (101) Thc purpose of the midstréam urine analysis is to help identify infection of the »
a. urethra. _ S c. ureters. . -~
b. bladder. ' d. kidney. -
\ LY ' N
12. (102) If a body fluid is sent to the laboratory for bacteriological testing and it has clotted, you ‘should/ .
poo a. discard the specimen and ask for a repeat. c. culture the clot. . e
b. culture the supernatant fluid. d. add an anticoagulant. 5
¢ .
lBﬁ. (102) When collecting specimens for viral exafination, what name is applied to that spc~cimch cqllected »
during the active phase of the drsease” - . 1 - . o S -
a. Convalescent specimen. . c. Immediate specimen. 2 = ' ' o ' e
b. Acute § spccrmcn v . "rd. Viral specimgn s
14. (102) Because of the danger of personncl gettingan mfcctron laboratory technicians should %fuse to . .
) ®  accepta specrmen for bacteriological cxammatron it '
~+ . - a. there isno request slip. ’ o : * _ . S
.. .- b. itdoes not have a tight-fitting lid. — — .
c. th¢ specimen is not wrapped. ' L oo o '
' there is evrdencc of a contaminated outer surfacc 8 S T e ’ . .7 .
(102) A laboratory.tqchnician is performing a bacferiological examination of the contents of a diaper. :
) - To preverit self-contamination, he should . .
. a. makc certain thé specimen is. frcsh - ’
) : e diaper. - M
. ﬁ} . c. work only on an absorbent.surface.
v d. refuse the work if the request form mentions enteric bacteria.
.S'" : ' N ] . * ' - ° . o »
16. (lOZ)Desiccation isdefinedas the - . RO
Y a. prdcess whereby metabolic actrvmes are slowed down to pivent further multxplrcatron o
b. addition of water to rehydrate dried bacteria. ‘ e ) e
' : c. presérvation of bacteria by quick freezing. o : N . g
d. removal of water by drying. .. . . . ' .
. -, : . \ . . » N
- \ L - b o
e c.o 3 R '
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17. ( 102) The initial act of first aid for a laceration of the fi inger due to handling broken contammated
' glassware is to 4 :

) N,
a. proceed to the treatment room to see a physician, - . - . VR 3
b. determme what organism was on the glassware. Y. :
c. cleanse the wound with- ‘running water. )
’ d. stop'the flow of blood. ’
) » - s . 4 - . .
18.  (103) The major difference between a disinfectarrt and an antiseptic is that : -

;- » . ' a. antiseptics inhibit growth; disinfectants kill the bacterial vegetative cell.
b. disinfectants inhibit growth; antiseptics kill the bacteria.
c. disinfectants have a lesser degree of lethal action against bacteria.

\

\{ : d. antiseptics completely destroy or remove all forms of a microorganism, mcludmg the spore forms
SR :
19.. (103) ln the growth curve of microorganisms, the number of viable organisms reaches its maximum in'‘the
a. lag phase. c. senescent phase. R |
b. logdithmic phase. : d. stationary phase. ’ s
. d
20. (103) A slightly increased temperature generally o . ?
L : a. increases the drsmfectant s viscosity. c. increases the bacterial surface tension.
. _ b. increases a dxsxnfectant s effectrveness . d. decreases the acidity. of the bacteria's surroundings.

e
21. (104) If blood serum is to be sterilized, which of the following devices would be the best to use?

a. The Arnold Steyilizer. . - €. A gauze-cotton fi fil Iter.
b. The auwclave.h d. The inspissator.
. \

22. (104) Boiling, 24-hour incubation, and reboiling is the princii)le. used in

a. home preservation of foods, . "~ c. the Sertz ﬁltratron system. : o ‘
) .b. the Arnold Sterilizer. : ‘ d. the dutoclave. : ‘ ‘ '
: ) ) ! ’ H . : ) .
' 23. (104) Which of the follo»\:i}g filtering techniques uses an asbestos pad? i P ‘
. “a. Berkfield. B | c. Pyrex fritted glass. o . -
.« b Chamberlahd . d. Seitz. : ~ , S
- e . , i v
24, (104) The stenl;zmg effect of filters is achieved mostly by : ‘
* a. sieveaction. % - ' c. absorption. .
b. cheémical actron ' ’ d. mechanif:al destruction.

" < -

25. " (105) The sulf‘onamrde drugs are specific chemrcal combinations that are effectxve chemical sternlrzmg
' agenis because they

*

. prevent the microorganism from receiving sufficient nutritional substances.

. are lethal to living cells-due to protein coagulatron )

. enter the cell and inhibit enzym# activity. - ', ' -
. combine indiscriminately with compounds within a bacterial cell.

Ao o

-
.




( lOS) Chlorine is a useful disinfectant because it has high bactericidal properties and because it

a. rs nonpoisonous. s : c. spreads uniformly over all surfaces.
" b. does not evaporate easily. ‘ ~ d. effectively disinfects water.

(19§) A substance (or substances) often used-as a surgrcal soap and hand wash is

Ty
a. beta-propiolactone.

b. lysol and creolin.
- ¢. bis-phenols combined with Surtable surfactants or detergents.
d. pure phenol diluted wrth ethyl alcohol.

(105) The sterrlrzrng action of a synthetic detergent is ‘not decreased by ‘ : ‘

a, distilled water. . c. organrc matter.
b. saline water. " - . d random mixing of different types oNptergents
P .

(105) Detergents that have a water-soluble group of partrcles which’ drssocrate to form posrtrvely
charged ions are known as

a. anionic detergents. c. cationic detergents.
b. nonionic detergents. ~d. ndtural detergents

~ (106) Which of‘the following orgamsms is usually used for determining sterility by, the autoclave method? '

a. Bacillus stearothermophrlus ) c. Bacillus subtills (globigii). -
b. Bacillus subtilis. . d. Clostridium tetani. -

(106). From the information fumrshed determine the phenol coefficient. Phenol at a dilution of 1: 100 .
killed an organism in 10 minutes. The unknown disinfectant killed the organism in 10 minutes but ata
dilution of 1:200. : :

a. 1.0. ’ . c. 5.

i

| b. 2.00. ‘ . d. 2. : g
(106) Laboratory procedures in clmrcal bacterrology are found in .
a. AFM 16053, c. AFM 16048. '
b. AFM 160-52. { Co 'd. AFM 160-28.
. ) | -
. Chapter 3 ‘
(107) Organisms that obtain energy from organic carbon sources are known as
a. autotrophic bacterigr. v c. heterotrophic bacteria. .
b. saprophytic bacteria. ‘ d. nonpathogenic bacteria.
[
(107) In classifying bacterra which of the following represents a famrly name?
a. Thiorhadaceae. c. Pse_udombnadales g o *
b." Eschericheae. ° - d. Rhodobacterjineae. :
¥ . ‘ -
- ‘. - o ’
P

K

I



a. varjeties. ' ] c. subtribes.
b. families. . ’ _ -d. genera.
36. ( !08) Abnormal, bizarre shapes assumed by bacteria in agrz{ cultures are referred to as
a. contaminants. . : c. reprdduction forms.
b. involution forms. d. plemorphic forms. . '
37. (108) A micron s ' @ : ‘ \\/
" a. 254 inches. . ~ c. 1/20000 ofan.inch.
b. 1000 mm. : d. 1/1000 mm. '
i ) . N
38. (108) An Angstrom.unit is equal to
a. 1/10000 of a mm. c. 1077 microns.
b. 1/1000000 of a mm. ‘ d. 1077mm.
39.  (109) Bacteria that grow begf'at a temperature of 15° to 26° C. are called
a. psychrophilic. , ' . c. pleomorphic. -
b. mesophilic. e d. thermophilic.
40. (109) H-type colonies of Proteus spp. are due ¥ . T
a. capsular materra; ‘ } ¢. Ohne-hauch forms. .
b. flagellar motion. d. urease production :
41. (109) A transformation from a “smooth” to a “rough" colony is usually the result of

42

43.

(107) Organrsms that possess enough similar qualities to be grouped as species but that differ
sufficiently to be considered as a separate group within the specres aresigferred to as

a. the loss of the bacterial reproduction process. - . -
b. the loss of the bacteriat slime layer or capsule.
c. mcubatron of the culture at an elevated temperature.
. gene transfer.

. - e
(109) If some chemical substance other than free. oxygen serves as the hydrogen acceptor, the !
respiration is said tobe ,

a. eurobic. , c. anaerobic.
b aerobic. i d. obligate. - :

(109) What substance is present in most media to serve as an available source of carbon and nitrogen?

a. Mannitol-salt. . "~ c. Agar.

b. Carbfqhydrates. ' d. Peptone. .
\ .

(109) Compounds that have been excreted by bactena and oxrdrzed to form a colored product are

pigments known as

>

a. leukobases. V 7 . C. opaque pigments. ‘ {
b. lipochromes. d. reduced pigments.
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(109) Free oxygen is toxic to Whlch of the following?
a. Microaerophilic bacteria. c. Obhgate anaerobes
b. Faculative. anaerobes. d. Obligate acrobes.

(110) What two reagents are used in the Bray dish technique for obtaining 10 percent COZ?
a. Pyrogallic acid and sulfuric acid. ¢ Pyrogallic acid and sodium bicarbonate.

~ b. Pyrogallic acid and sodium carbonate d. Sulfuric acidgndsodiuin bicarbonate.

(110) Candles should be placed hxgh in the mndle jar because

a. if placed low, the flame wxll be extmguxshed by CO before the desued 2 to 3 percent coneentration is
reached.
b. CO rises and in so doing increases the 0 content. : .

c. it is easier to light the candle before sealmg the lid.

- d. moisture accumulating in the lower part of the jar might extinguish the flame too early.

(111) The most common means of sterilizing media is by

a. ultraviolet irradiation. » ¢. membrane filtration.
b. Seitz filtration. ' d. autoclave sterilization. v

(111) What percent agar is generally used in preparing a solid medium?

. 1510 20. " ¢.55t070.
b 30t050 ‘ - d.75t09.0. .
N t
(1) Ugease medium is used to detect urease production and is an example of _ 3
a. aselective medium. : - c. a catalase medium. } '
°b. an enzyme medium. : d. a biochemical medium.

-

(111) A premixed, dehydrated laciose»groth should nef be overheated because heat causes the lactose

to ) ’
~ a. precipitate. c. gel.
b. decompose. . d. liquefy.
(111) The primary reason for using a solid mediulu's to -(\\M« ' : N
a. reduce contamination. . c. produce 1')ure colonies.
b. prevent contaminants ’ d. produce the best growth.

(111) An agar, such as eosin-methylene blue, on wh:ch entenc pathogens are colorless and common
coliforms are dark purple is classed as . .

- a. a selective medium. ' €. an enriched medium.
b. an isolation medium. d. a differential medium.
b AR I
(111) Enriching a basal medium makes it suitable for culturing

S :
as path%ens ’ c. aerobes.
b. nénpathogens . * d. anaerobes.

a o

-

4
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(111) A basal medium is used to culture which of the following organisms?
a. Nonpathogenic. c. Nonfastidious.
b. Pathogenic. d. Anaerobic,
(112) The cdfrect ratio of butt length to slant length in tubed megia for enteric cultures is
x _ .
a. I:1. c. 1:3. .
b. 1:2. d. %L
(1.17) Fresh distilled water should be used in rehydrating pdwdered culture media because fresh water
a. has not had time to absorb gases. which cou!d alter the final pH. .
b. has not hhd time to become contaminated. R .
c. is more alkaline in pH than stale watef. . . .-
d. does not have to be filter sterilized. )
(112) Blood should be added to sterilized media after the media have cooled to
a.50° C.t080° C. -~ c. 35°C.1045° C.
b. 45° C.1055°C’ d. 25° C.t0 35° C.
- ‘
(112) The best technique for dispensing repeatedly consistent volumes.of a medJium,is to use
a. a funnel. ' ¢. a graduated cylinder.
~ b. arubber tube and pinch)clamp. ) d. an automatic syringe.
s
(113) Sodium thioglycollate, in-addition to its reducing action, also neutralizes Which of the followmg"
a. Para-aminobenzoic acid. ¢: Mercurial and silver disinfectants.
b. Sulfonamide. d. Bacteria. :
(113) Triple sugar iron agar (TSI) differs from Kligér’s iron agar (KIA) in that TSl
& “shows st production; KIA does fot. . 3
b. contains sucrose; KIA does not. ' - "

c. is usually slanted; KIA is not.
‘d. is used for dlfferentlatmg enteric orgamsm KIA is not.

(113) Liquefaction ofegg albumin is an example of

a. gelatin liquefaction, X

b._proten denaturation.
)

(1 13) The production of acetyl-methyl carbinol will give a posntly

c. p_roteolysis.
~ d. protein fermentation.

[

a. TSI slant. .
b. methyl red test.

al

c. thydrm reaction. L

- d.-Voges-Proskauer test,

3

Chapter 4

(113) To prevent the swarming of Proteus spp., you can add which of the fquoWing to the media?

a. Agar. .
b. 5 percent whole blood.

- ¢, Chloral hydrate.
d. Sodium desoxycholate.

-




| 65.

- 66,

67.

69.

*70.

71.

’a. 100,000 AFB per ml..

. (17 Cyclheximide is,ad;ied‘to media to inhibit

Q-G\O'N

(114) To be sure you are picking a “pure” colony for further identification, you should

a. pick from the center of the colony.
b. gather up the whole colony. -~

c. gather several colonies that look alike.
d. put the loop under the colony and remove the medla and the colony

(114) When performing the blood agar pour plate techmque for the isolation of bactena you should
4dd the blood at

¢

o
a. 80°C. T | S

~

b. 48°C. ' : d. ZS%CY
(l 15) Charactenstlc pigmented colomes of Corynebactermm d:phthenae on potassium tellurite agar
usually develop in e

a. 12 hours. : c. 24 hours. .
b. 18 hours. v d. 48 hours, : »

—

~ » ) ! . &
(115) Thioglycollate broth tubes are heated in a water bath before use to

a. drive off dissolved oxygen. ¢. activate the indicator,
b. dissolve the thioglycollate. " .+ d. sterilize the broth.

L . Al ‘ :
_(115) You should make two or three-cuts in the blood agar when streaking a throat swab to

a. help clean the loop.

b. help detect “O” hemolysins. *

c.test the texture of the media. ' !
:1 let air in, which facdltates dextrose fermentatlon -

(116) Which of the follong are you least likely to isolate from a-thioglycollate broth tube" '

a. Streptococcus spp. ' c. Klebsiella pneumoniae.
b. Staphylococcus aureus. » e d. Mycobactenum tuberculosis.

~

*

(116) The main advantage of the NAC concentratlon techmque over the NaOH or TSP method i is that

. with NAC a higher conéaffauon of alkali is used to dissolve the-mucus.

. the sediment from the NAC concentration is easier to stain. )

. with NAC there is a greater survival of the tubercule bacilli during dlgestlon . .
. the NAC solution is less expensnve than NaOH er TSP.. )

a0 O

(1 16) If we expect to find M, tuberculosis organisms on a du-ecf Ziehl™Neelsen-smear, there should be at
least how many acid-fist organisms present in the sputum? v

) c. 100,000 AFB per cu. mm.
b. 100000 AFB per specimen. , . d. 1,000,000 AFB per ml.

. only bacteria in fungus cultures.” . - ‘ .\ ‘ : . : ’
. only saprophytic molds from fungusvcultures _ L

. both bacteria and saprophytxc molds in fungus%ultures. «

. yeast forms of fungus. o -

3
aa
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{t116)in lht. sodium hydroxide concentration techmque for acid-fast bacilli, the solution is trtrated to a
neutral endpoint usmg

¢. trisodium phosphate.
d. normal saline.

a. hydrochloric acid solution.
b. sudium hydroxide solution.

-

(118) The first step in isolating and identifying stool pathogens is .

a. primary plating.
b. enrichment.

¢. serological identification.
} Gram staining.

(118) A regular colony count on a patient with a urmary tuberculosis infection is likely to show" :

' c. manf’uhercule bacilli.

a. no tubercule bacilli. v
b.a few tubercule bacilli. - d.’T’B—toonumerous to count. -

(118) If you received a stool specrmen on a patient suspected of havmg typhoid fever, whrch of the

following plating media should you use? - :
a.SS agar. c. Brill‘;'ant green agar. s
b. EMB agar. | d. Bismuth sulf’te agar.
(19 Bacterra present in the blood stream are best deserrbed by the term
. mtemon , ) _ . c. anuria. . )
b bacteremia. : . . bacterrurra . 8,

(118) On doing a urine colony count, a diseased state is mdrcated when the colony count is

a. less thair¥0,000 organisms per ml.

. from 10,000 to 100,000 organisms per ml. , ? o
. wver 100,000 organisms per ml.
d larger than IOO 000 organisms per 24-hour specrmen N
S
(119) Gonorrhea is most often diagnosed by - | T N
2. fermentation studies. ' . ¢..bioskemical studjes. _
- b. plating an agar. d. Gram-stained smear. - ° :

! / - . .
A . ot
L3S ,»

*(118) If, while using tite dilutianﬁng techmque your undiluted specimen showed 950 colonieson °

the plate you-would expect to find how many colonies on the1:100 dilution plate?
3.95. - . . A ‘CA'6o5- PRI
b.95. . o o0 ode2, .

- LT . kS . ’ ) v . " . - b, .
(119) The best medium for initially isolating bacteria frog tissue specimerg’is —
a .+ thioglycoleate broth. ’ c. blood agar. ) ’
b. enriched nutrient broth. d. chocolate agar. - Q0

- . v L, Vo .
(l"O) The_simplest method for detectrng motrlrty is o , ‘ Lo
a¢ a hanging drt mear“ « C. to coverslip the smear.
b. to Gram stain the smear. " d. a supravital stained smear.

t M .
‘ LY > -
N olf. N N ¢
" . ¢ A R .- ’ .
L) . !
~ Yy -l 8 J
T - . 58 ' :
: P - = o ‘
- o L3 ‘ !
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86.

87.

89.

91,

- a. heated to a boil. "

b. length of the bacteria,

. N ‘ .
a. Lethal. . o

oac,o-m'

’ .
(1’0) If you prepare a smear by emulsrfymg a colony in a drop of water, you should be sure that the

water is

N

- ¢. freshly drstr]led .
d. bacteria free ' '

b. chemically pure.” -

) L
(119) Blood cultures should be kept how many days before the culture is re?orted negative?

. C.'Zl- o 1
d. 28. '

a. 2. o : .
b. 14.

R
(120) The color pattern of a stain is determined by the concentratron of bgcteria, the concentratron
of dye, and the . . -

Pan
o -

a. size of the bacteria”.- c. pathogenicity of the bacteria.

d. staining time. _ ) -
(120) A basic dye used in stammg is techmcally referred to as

c. a selective stain.
. d. a mordant,

a. a cationic chromophore.
b. an anionic chromophore.

~ (126) Very thick smears. give false Gram-positive results because they are difficult to

¢. counterstain.
d. examine. S

a. stain.
b. decolorize.

(I’O) Penetration of basic dye into orgamsms"c‘)ntarmng large amounts of hprds or waxes can be : .
facthtated with : S v . .

a, acid-alcohol. . b . iodine, ' o Q .
b. alcohol. - - : L - d phennl ‘ ; '

w . - .

(120) Which of the following is good for negatrve staxmng of bacterra"

c. Hiss stain, g

a. Ziehl-Neelsen stain.
‘ ' d. India ink.

b. Gram stain.

-
[N

. , Chapter 5 R .
) : R x N
(121) Chemical substances.produced by lrvmg organisms that suppress the growth of bacteria are,
reterred toas . WJ

¢. antitoxins. »

« S _ d: antrbrotxcs.. ‘ : ‘ S

a. sulfonamides.

b. toxins. ’
(121) If an antimicrébial substance inhibits the growth of bactena yet does not kill them, this substance
can be said fo have what effect on the bactena" o

c. Bacteriostatic. _
- ' d. Interactive.

b. Bactericidal.

L

(122) A “t.ompetmve analog” type of antibiotic such as cycloserme is effeetrve because it

.’ rcsembles a natural eompound in molecular configuration. ° - T
. an be tﬁtte&mtgﬂte peptide portion of the bacterml building blocks. " . -

- . .

. causes the amino acid sequence wnthm the cell to'become normal . . , ¥

. is made synthet'cally S o o . ) E
. . - - ’ b . \
. _ . X




95.

96.

97. .

98,

' 100.

101~

102.

103.

. 'b. reproduction.

‘a. reproductrqn.
b. inflow.

“¢. amino acids. ) _ B o . .
d. pe-ptidgs o o a \)

(122) The genetlc pattern to be followed in protein synthesrs is originated by the

¢. nuclear DNA. .
d. cellular RNA. " . .

a. rrbosomes
b. polynbosomes

a. messenger RNA. ) o
b. soluble:RNA. - ' ) o

c. respiratron , .
~ d. sterols:

(122) Gramlcrdms and tyrocrdms interfere with cell . - o . -
a: permeabrhty. _ . v
|

(122) The génetic substance that deter'mines the nature of a bacterial cell’s metabolism is

¢. nucleic acid. .
d. phospholipide.

a. ribonucleic acid. _
b. deoxyribonucleic acid. -

(12") A loss of selective permeabrhty of the cytoplasmrc membrane wrll result-in .

’ o . Ty

a.an antrbrotrc becoming meffectxve ) .

b. essential cell constituents leaking out. - ) ;

c. an increased transportation’of materials into and out of the cell. . : ' ’
d. increased reprbduction. ‘ P '

(122) Within the bacterral cell, the breakdown of complex nutrients to srmplrfred usable forms is referred ‘ -
to as :

— Y.

&

c. catabolism. A S o

a. respiration. .
d. nucleic acid metabolism. - - R

b, anabolism.

¥ .
*

(12:2)_4Pseudorrre tabolj_tes‘, such as the sulfonamides, are takenup by cells, and this interferes with
a. para-amino salicylic acid metabolism. c. ribonucleic acid metabolism. . o y .
b. para-ammobenzorc acid metabolism. d. genetic codmg

(122) Polymyxin antibiotics desttoy bacteria by interfering with cell

c. -permeabrhty. -
d. outflow. -
(123) The. uptake from the medium by one cell of nuclear elements (genes) derived from another cell is

referred toas - : s . "

o

a. DNA extraction.
b./transformation. . .

¢. transduction, -
d. eonjugation.
(123) Mutation to drug tolerance is generally consrdered to be characteristic of the pathogemc bacterral

. C. rrbosome
d: gene.

a. capsule.
b. flagella.
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109. (124) Sensitivity studies for fastidious o‘rga_nisrgs_should be read within : , K
‘a. 48 hours. . 4c. 12 hours. - e sy
b. 24 hours. - d. 6hours. - ' - .
w\.\
¢ » @

104 )Z\Bactena are resistant to the anttfunga1 agent Amphotgricin B because

a. the bacteria lack the sterols with which the antibiotic combines. -

" b. the bactena have sterols with which the antibiofc can combine. ' :
c. bactena possess a cell membrane. - oo .
* d. bacteria lack a cell wall. ' S '

105. (123) The process in which genetic material is passed during direct cell contact is referred toas ,

a. replicating viruses. : c. tranduction. ' .
_b. lysogenesis. : - d. conjugation. o *

106. (124) A'broth’}s ready to;be used in sensitivity studies when there isa =

¢

a. slight sediment. c. heavy growth.

b. visible turbidity. < . slightly visibe precipitate. A B
107. (124) An antibiotic assay. determines . !
N e . . .
a. drug con”cent_ra’tion in a specimen. © " c. drug activity.
b. microbial sensitivity. B d, drug effectiveness.

-

108. (124) Which of the following is a true statement concerning antibiotic sensitivity tests?

- a. pH has no effect on‘antibiotic sensitivity tests. "
b. All media used as plate medla are suitable for the diffusjon method of antibiotic sensntmty tests
he presence of serum all‘)'umm has no effect on sensitivity testing. p
d “Glucose present in a medium may bp detnmental to some sensntmty tests.
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. HIS SECOND volume of Course 90412, Medlical Laboratory Technician, is a . ' ' ..
. continuation of the laboratory procedures in clinical bacteriology” which you '
. began studying in Volume 1. Tt contains information on Gram-positive and Gram-
smncgative organisms ulong with mformauon on enteric organisms, acid-fast bacnlh..
"~ . and spirochetes.

. Printed dnd bound us a separatc inclosu're to this volume are foldouts 1-8. -
s ' ) .~ Whenever you are referred to one of these foldouts, please turn to the separate - S
: . inclosure and locate it, Some of these foldouts are%olor.' You should find the '
! color illustrations most helpful in learning to ider ity disease-causing organisms.

If you have questions on the accuracy or ‘currency of the subjecf matter of this o
text, or reccommendations for its improvement, send them to Techmcal Training - T
- Center (MSSTW). Sheppard"AFB TX 76311. < . _

» If you have questions' on course enroliment or administration, or on any of
- ECI's instructional alds (Your Key to Career Development. Study Reference
. Guides. Chapter Revnew Exercises, Volume Review Exercise, and Course Exami-
nation), consult your “education officer, training officer, or NCO, ‘as appropriate. If
he can't answer your. questions; send them to- ECI, Gunter AFB, Alabama

- 36114, preferably on EEI Form 17, Student Request for Assnstance.

v This volume is valued at 36 hours (12 points).

» Material in This volume is tecthally accurate, adequate, and currexﬁ as of
November 1969
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C ~ The Gram-Positive Organisms = - - y
’ ' L , . . .o Y B t f‘ . '
T HE FIRST VOLUME of this course was = varipus genera as we proceed Wlth a discussion
R devoted primarily to the fundamentals of ~ pf - the Gram-posltwe -organisms, because the
b bacteriology. - We learned something about the saprophytic species complicate the process of
T nature of bacteria, their processes of growth and  isolating and |dent|fy|ng the pathogens . oy
' -~ reproduction; and their characteristic morphologi . E
cal features1 “Then we studied the tecl:mlques% 1i The Stuphylococcl R
*. that are commonly used to iSolate and cultivate . 1-1. Staghylococcl are among the . most. fre-»

o~ mlcroorgamsms This led to a discussion .of stain- quently encquntered isolates in the bacterlology

ing procedures, biochemical tests. and oth%r Iaboratory because they are always present in the
N mea. - of establishing the |dent|ty of microbes = - air, 'on dust particles, and’ on the bodyf “Most :
. - isolated from répresentative “clinical specimens. ‘'species are harmless, but almost any- one' of the .

) Lastly, we reviewed the action of antimicrobial - saprophytic forms can cause dlseas§ |f given the ’ .
“agents and discussed the principles ..of sensmwty right conditions. ‘Ordinarily, however, we think €
tcstmg in the clinical laboratory. -of the pathogenlc staphylococm as belonging to -

2. "In this voluffie we will take up the medically * one or the other of two species. Their taxonomlt A

important genera. bcglnnlng with the Gramt relationship is as foilows: e s '

y - pysitive cocci ‘and rod forms that cause some of, Order IV. Eubacteriales+ . . - =
the” most serious human diseases. Then, after “Family VIIL Micrococcaceae .
describing the Gram-negative cocci and small . Genus IL Staphylococcus o ‘
bacilli or coccoid organisms, we will cover the L Species. 8. aureus N

) enteric groups found in the intestinal tract. Fi- ! ‘ S eipzdermtdzs o X ’ . 1":
LY nally. we will examine-th§ acid-fast bacilli and ' ' ’ SN
the spirochétes. Our study of the pathogens will : -2 Cl' i al Slgmfic:ince. The staphylococc1 Y
" consist of a brief review of " their clinical s|gn|f|- . have been rfcovered from all areas of the body - L
% -cance, the general’ characteristics of these orga- .and from many disease processes. "They occur as N

nisms. and accepted steps for identifying them.® ‘normal inhabitants on thé skin and in the upper

- 3. The Gram-positive bacteria of interest to 'resplratory tract of man. Many. pathogenic
us are distributed among a“dozen or more ggnera.  strains are carried Jn the nasal passages of :
Seven of these, genera .contain. the coccal forms, asymptomatic individuals who transmit the orga-
and. the others consist of rods: or elongated rod-  “nisms- to susceptible persons.: .These organisms -

- like forms. CoIIe?tTver, the Gram-posltxve cocci ~ manifest themselves in _localized suppurations .
. ‘are responsible for an impressive variety of hu{ ‘such as simple pustules or hair follicle infections.
man infections. These infections range from a In time, the simple infections: can develop into -
* relatively simple involvement of the skin and carbuncles and even form metastatic abscesses _
-~ . mucous membranes to more serious, diseases  in other tissugs. Cases of osteomyelitis, -entero- C

Ranifested by pneumonia, scpticemia, rheumatic:  qplitis, otitis media, and sinusitis .can be of :

’ fever, acite gIomerqunephntls or deep t|ssue staphylococca] etiology. Pneumonia, meningitis,
abscesses. and ‘endocarditis are relatwely infrequent dis-- _

4. Among the rod forms we. flnd pathogens " eases associated with pai'tlcularly wirulent strains. T, .
that also cause severe superficial and systemic  Staphylococcus aureus is considered the most = - S
lesions. as well as toxin-producing organisms highly pathogenic species; S. epidermidis is T -
N which give off some of the most poisonousssub- pathogenic to a lesser e)eéent. Infections with -
stances known to man. From time to-time we Staphylococcus . aureus often present difficult
will mention the more common saprophytes of  treatment problems because some strains rapidly . ‘
- . o i . ' . ¢
. . C : \ . e . .
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; . ~

. de\felop resistance to certaid commOnIy prescribx.é .
Y antimicrobial agents. From, time to time. hospital
) outbreaks of St.\phvlocoec.tl infections arc traced
to these resistant forms. B
1-3. ,Staphvlomccn arc also common “culprlts
in lood poisonipg outbreaks. The organisms pro-
duce a heat-stable ¢resistant tp boiling) exotoxin .
while growing in' meat  products, cream-filled
. " pastries, gravies, potate salad. and similar foods
. o e\tposed to room temperature {ur .extended peri-
. - ods.” Without priper -refrigeration,  significant
’ “amounts of the exodgxin (also cailed ¢nterotoxin
‘ _ + because of its site ofaction) can 'be formed in .
‘ as little as 4 hours. Th enterotoxm is rapidly
\
|
\

v

absorbed by the intestinal\ mucosa, resulting’ in
- nausea. vomltlng diarrhea, nd acute prostration

: ~ is consumed. Staphylococcal food poisoning is

N from the ingestion of the preformed: toxin, chcc

the implicated foods, rather than sgol specimens.

- are morte likely to yield the pathogen on bacterto-
Ioglcal analysis.

1-4. General Characteristics. Members of the
gegus Staphylococcus are spherical or’ oval,
measuring approximatcly *l . micron in diameter.
. ~ Most species. are typlcally arranged in irrcgular.
clumps resembling a cluster of grapes. In-broth

- »
. cultures single cocci, pairs. and occasional short
. chains may be seen. These organisms are non-
, motile, nonsporeforming, and are characteristic-
. ally Gram-positive, although Gram-variable cells
T are . frequently -observed in smears from old

cultures.
1-5. Staphylococci grow well on meat infusion
or meat extract media at a témperaturc of 37° C.
Although their optimum. growth temperature is
around 35° C., they grow readily at any tem-
perature from 15° C. to ‘40° C. Charactesistic.
colonics grow best under aerobic conditions, but
growth-takes- place in an anaerobic enviornment
. if hydrogen and uracil are presert. Synthetic
media used for cultivation must include the two
vitamins, thiamin and nicotinic acid. The fresher
, . the medium,-the more typical are the colony
\ characteristics. A pH of 7.4 is-_ consrdered
optimum,
1-67T On bloodragar, typical colonies of Staph—
¥ylococcus are generally formed aftér 18 to 24
hours of incubation at 37° C. The increased
carbon dioxide atmosphere provided by a candle
jar favors their growth on primary ,isolation.
. Siaphylococeus aureus appear as ‘glistening, cir- .
cular, orange to white colonies with a butterlike
: ’ B consistenc:y’ A clear (beta) hemolysis. is normally
3 ) produced. The colonies of Staphylococcus epi-
o dePmidis are generally circular. smootlf. und a
~The blood agar

,  pale. translucent, white color.

A ullToxt Provided by ERIC

"~ Guuse of their atypical appearance.

within 2 to 6 hours after the contaminated food -

- . not an infection, but an intoxication resulting

~ carbohydrate.

-laboratory conditions of cultivation.
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. may or may not be hemolyzed. “There arc many -

variations. in colony texture and appeérance. Oc-
casionally. rough colonics may be overiooked be-
The rough-,2
ness of the colony may suggest a fungus or
common soil contammnnt With the staphylh-
cocci_you may also sed mucmd white, mucoid
ycllo@y smooth yc.llow smooth whrtc.._romzh yel-
low or “G” (gomdlal) type colonies.. The latter
~are smalt (0.5 mm. in. diameter) mutant colonics .
sometimes isolated from septic lesions, Thesc
mutants ordinarily do not produce catalase,
coagulase, or hemolysins.

1-7: In a,nutrient broth culture, staphvlocacci
produce ‘a- moderate thrbidity with a powderlike;
sediment .in:24 hours at 37° C. When shaken, '
the sediment swirls upward in ‘the tube and in- . e .
creases the* broth's turbidity. Some staphylococci, © .
particularly those that do not produce cougulase, - '
form a thick* gclatlnous deposit which leaves the
supernatant layer clear. If incubated for “48
" hours or longer a surface growth or. pelllcle
forms.

1-8.,Laboratory Identification.. Spccnal mcdta‘,
aid in the identification of Smphvlacoccus specics.

A mediym. such as mannitol- salt-agar “that con-
tains a- hlgh ¢dncentration yof sodium' chloride , , %
inhibits most other organisms. Mannitol js in- '
corporated in the medium to detect pathogenic
strains, - because most pathogcns ferment that
Fhe, production of acid in’, the
medium causes the phendl red indicatar toturn-
yellow. Mannitol-positive organisms appear-as - .
small colonies surrounded by a, yellow zone. '
Mannitol-negative species vield colonies sur-
surrounded by ‘distinct red or purple zones.

1-9. A aumber of confirmatory pro,cedures
can be performed on- colonies of the staphvlo—
cocci. In. foldout | .we have diagfammed a pro-
gression of &entrfucatlon steps based on hemolysis
.of blood agar and other special tests used to_
dlstlngmsh among the Gram-positive coccus
~species. Note in foldout 1 that many Stgphyio-
coccus species . produce- beta hemolysis, denoted ‘
by a clear zone around the colony. Some strains >
do. not hemolyze: blood agar undér the usual
The reac-
tions of these nenhemolytic strains are shown in
the bottom entry of the foldout. . '

1-10. Formation of ‘the enzyme, catalase, is ‘a
key factor in distinguishing between species of
Streptococcus and Staprhylococcus that produce
ideanaI hemolytic patterns on blood agar. When
.it colony of staphylocoeci is mixed with hydrogen
peroxldc the action of catalase liberates oxygen
from’ the peroxide and gives a vngorous bubbling.

The: test is negative (no bubbling) in the case of
streptococcn and mutant forms of staphylococci.
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. positive test.

1- 11 Coagulase activity 1s felated to patho-

gemcrty of Staphylococcus species, but the corré-
lation is not absolute. A fibrin clot is formed in -

‘human or rabbit plasma when colonies that pro-
duce - coagulase are added. The test  is not
quantitative, and any visible coagulauon is a.
Coagulation usually occurs ‘within®
3 hours. When plasma stands,” however, certain
labile clotting factors . are destroyed. This slows
%rh ‘completely mdsks the coagulase reaction.

erefore, when aged plasma-is used, the’ test
must be observed for at least 24 hours to rule
“out.the chance of a. 'delayed clot -which. would
indicate a- po?mve reaction.. Certain -staphylo-
cdccei

- staphylokinase ‘(an enzyme which will dissolve

(O

- the formed clot); the tube of plasma mast be
checked ' at -30-minute intervals for presence of a .

clot.in ogder to prevent the repomng of a false
negative feaction. =
1-12. Related Micrococci. The farml'y Micro-"

' coccaceae contains three genera -of saprophytes

. Members of the. gerus G
 norhal flora in the upper respiratory tract..These
Gram-positive, facultative &naerobes, ‘often en-.

-

>

which resemble the staphylococci so closely in *

morphology that the harmless forms are some-
- times mistaken for their -pathogenic relatives.
kya are found as®

capsulated, are -ordinarily arranged in groups of
four. cells—tetrads. Colonies are white or gray,
moist, and viscid. G. tetragenes, the most com-
mon of the group, does not ferment’ mannitol or °
produce toagulase. ¢

1413. The second genus, Sarcma comprises
aerobic, Gram-positive cocci that divide in three
planes during rep®duction. The characteristic
“packets” of ‘cells seen on stained smears are
usually formed by Sareina lutea, a common con-
taminant from#soil, air,. and water. The genus
Micrococcus holds a heterogeneous group of
Gram-positive aérobic cocci which form irregular
. clumps of cells easily confused with the grape-
" like clusters of the staphylococci. Micrococeus
‘species are coagulase-negative, however, and
ferment glucose aerobically. Staphylococci gan
fermeqt glucose anaerobically.

1-14. Phage Typing.- After ;denufymg a path-

' ogemc staphylococcus as to species, the labora-

_tory is sometimes asked\to carry .out Jbacteri-
ophage typing. This typing technique afferds a
means of further identifying strains within a,
Staphylococcus species. based on their susceptrbll
ity to lysis by different bacteriophages—viruses.
that attack and destroy bacterial cells. By seeding
a plate of medium with- a pure culture of the
organism and applying droplet suspensions. of
several - known phage types we can establish'a

o

! pattem of susceptl’brhty/reslstance to lysis which
-serves to “fingerprint” ‘the staphylococcus. :
-1-15. . We simply recor’d the presénce or ab-:
sence of plaques (cleared areas) on the. surface
oﬁ the plate at the site whese each phage, suspen- -

that produce coagulase also produce'
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'sion was deposited.” Plaqde formation "at that.
+ site indicate¥ lysis of the célls by phage parucles
~.and,’ hence,. susceptibility of tie' bacterium to”
that- partlcular phage There are approximately
" 22 phages in use today. for identifying Staphyhr-
coccus aureus. These phages are- arranged. in

five groups, each group. consxstmg of one ‘or more”

specific types.

»+ +1-16. In- recent years m}my~of the staphylo-
coccal: eprdemxcs in hospital_surgical and ped1-
atric wards have been traced to organisms lysed
bx phages of Groups 1 and III. Strains susceptible
to phage types 80 and 81 within Group J have
been particularly ‘prevalent -in outbreaks- of,
“hospital” staph” infections. By periodic typing
- of staphylocacci isolated. from «the “medical staff,
‘patients, and the hospltal environment, the bac-
teriologist ,can be foréwarned of an rmpendmg
problem with hrghly. ‘virulent, -drug-resistant
strains. T

2, 'I'he StrePfococcr oo ’

-2-1. The streptococcal forms, although smaller.
in ‘size than the, §taphylococc1 closely resemble
_ the latter in morphology of the individual cells..

\J

" On the basis of differences in physiology.and

chemical makeup, however the cham-fqrmmg
cocci are placed_. a separate family, the
Lactobaczllaceae family includes .a variety

pathogenic prophytic microbes ‘which
te d to grow sparsely on mmal isolation in the -

aboratory. #
» 2-2, Two ge\nera are of mterest to the medical
bactenologrst—Streptococcus and Peptostrepto-
coccus. The first of these contains the aerobic
. and -facultativély .anaerobic” species most com-
monly implicatéd in hyman'disease. The pepto-
streptococci afé strict anaerobes or microaero-
philes. which grow poorly .on conventional media.
The streptococcal organisms are classified as
shown; below: iz
Ordér IV.  Eubacteriales .
Family X. Lactobatillaceae
Tribe 1. Strepigcdsceae
Gepus, II. Streprococcus
Genus V. -Peptost 'e'ptococcus

. 2-3. €linical Slgmflcance A great number of
bacté
hemolytic streptococci.
such diseases as puerperal fever, e.r'yslpelas
‘septic sore throat, scarlet’ fever, impetigo, and
acute bacterial endocarditis.” Acute glomeru-_
. iy R

ve

I. infections of man are caused by beta -
These -organisms ‘cause



<

~

. tiyns, are g

discoloration around the colony The zope of -

%phri;is or rheumgtic fever ‘may - develop’ 'f.ol- '

lewing streptococcal = pharyngitis. The  alpha
hemolytic st;eptococcn that are normal ighabitants
of the upper respiratory and intestinal tracts may

and urinary tract infections.
genus = Peptostreptococcus - are encountered. .

pe,lvxc abscesses, the diseased appendlx, sinus and ,
~ear infections, and in gangrenous wounds

They
are -capable of- giving rise to sevére suppurative
Jlesions . chdracterized by an extremely foul odor.
The nonhemolyuc streptococci are, for the most
part, - §aprophyt1c forms found naturally in milk
and other dairy products. A few *strains have
been isolated from  cases of subacute bactenal

. endocarditis, . -

:2-4. General Characteristi¢s. Streptococc1 are
round or oval -and range in size from 0.8 to 1.0
.mlCl'Oﬂ

Characteristic chainis are observed .more often in
smears from broth cultures. The streptococci are
nonmotile, nonsporeforming, and Gram-positive.

‘Gram-negative forms are occasionally found in -
.smears’ from old cultures. Certain. Streptococcus’
sg@: produce capsules, but the presence or ab-

sence of capsules is not a distinctive feature.
2-5. A medium enriched with blood is essen-

" cause subacute bacterial endocardltls, meningitis, -
Anadrobes of the '

tial for growth of most pathogemc streptococci. -

" An ordinary meat infusion medium will generally

not support growth. The standard blood agars

and such broth media as thioglycollate, “brain-
ticase-soy

heart infustion, Todd-Hewitt, and t

can be used to- cﬁltn,_vate certain species. The

" majority of streptococci™are facultative .anaerobes,

although some strains of Peptostreptococcus, es-
pecially those isplated from deep tissue infec-
obligate anaerobes. Growth is best at
37° C.-for'the pathogenic hemolytic forms. After
24 hours’ incubation on the blood agar the strep-
tococci generally appear as small (approximately
1 mm. or less) slightly grarular, circular, con-
vex, translucent colonies. Some streptococci give

rise to matt or mucoid colonies on primary ‘isola- -

tion. After repeated transfer on labgratory media

avirulent rough or smootl colonies will eventually ’

develop.

2-6. ;The strep‘tococcr are such-a heterogenous
group that neither morphological, physxologlcal
nor 1mmunolbg1cal studies Have been,eempletely

_blood agar - affords the
bagt tentative separation

which. produce a beta hemolysin' show a ‘clear,’

_ colorless, well-defined zorie of hemolysis around .

the colpny.. Alpha hemolysin produces a greenish.

~ successful in clafsifying all species. Alpha. or. beta

‘hemolysis exhxbltgd o
f’Streptococcus species .
‘and an indication of pathogemc\ty Streptococcn.

hemolysns may have irregular or lll-deﬁned mar-

.gins because the red blood cells within the zone,

.” are only partially lysed.

2-7. Streptococcus colonies that produce alpha
hemolysis - must be carefully differentiated from -

:those . of, Drplococcus pneumoniae, which also

hemolysis. -
tween the two is covered in our discussion of
diplococci in the next section., Some streptococc1

. form a krnd of hemolysin, termed alpha prime, -
" in which the zone of hemolysis appears hazy and .

poorly defined. It is neither.a clearcut alpha
nor beta hemolysin. It is identifiable by an ex-
tensmn or enlargement of the zone of hemolysis
around the colony when the blood -agar culture is

. refrigerated  for 'a 24zhour period. So-called
- {gamma” streptococci produce a hemolysin under .
They occur predominantly in _ chains;

" howevery paired or-single cells may also be seen.

certain experimental conditions, but no zone of
hemolysis appears on - conventional blood ‘agar

‘plates- in the laboratory “We, therefore, record

these gammma strains as nonhemolytic, as indicated- .

. in foldout 1. (Foldouts 1-8 are located in the -

separate ‘inclosure to this volume )l

-2-8. ‘Along with the several types of hemolysm.
streptococci produce a fibrinolytic enzyme, strep-
tokinase, which is -capable of breakmg down

-

A} .

n - produce a “greening” &f the medium by alpha
The. teehnique of dlfferenuatrng be- °*

fibrin clots. This may play a role in overcomlng »

~ body defenses. Unlike the stapltylococcx. the strep-

tococcal forms are catalase-negatlve—one major
feature that dlstlngmshes the genera (foldout 1).
Beta hemolytic streptococci have long - been -

knowt1 for “their erythrogenic toxin associated

" with the skin rash of scarlet fever, a disease of

children prevalent before the dlscovery of anti-

-biotics. -

~ tion of a carbghydrate antigen—

-

'D', .

249, Classﬁ‘canon of the Streptococci. Several
schemes for classifying the streptococci have been.

' proposed Two of the more widely used schemes

are: those-devised by Lancefield and Sherman.
The Lancefield classification is based on the anti-
genic structure of the’ organisms.
—"“C" substance—
is different for each immunologic group in this
series. The SHerman system has as its basis a
cotnpilation’ of common. physiological properties,

-the most important of which is the temperature

limit for growth.
2-10., The . Lancefield serologlcal groups are.

| desrgnated by the letters A through O. Groups® - :

A and C contain most of the human pathogens.

These and nine other serologlcal groups produce

hernolysis; accord1n§ly. they - are referred to as

including the enterocodci, .

- the “hemolytic” streptococci. Organisms in Group,
may be either.

hemolytic or nonhemolytic. Group N organisms

are nonhémolytic. Currently about 19 species of

Streptococeus are recognized. In the Sherman

o

-

m

The composi- - -
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. o + TABLE 1 . 4 .
-, GROUP DIFFERENTIATION -OF  STREPTOCOCCUS SRECIES :
.- M g :
g - ; N L v —
Grouy Hemolycis . . Erooth a Qh. * Growth in
. . : 109c. 4s%c. 6.5% NaCl .
—u v : -~ - . . . g .
Progenes ng A and C) " Beta or . (1) - .
: ~ alpha s L .
’ ~ . . ’ [} . -
> o 3 ] NG )
\“iri..l:i_nsM ) Alpha or (Z) : ‘(\); -
i R + none- - : : -
[ s
- L ! e . - )
Enterococci (Gp D) Alpha, + + ol + s A
! "beta or . . 4
~ _none . P :
N § . v . . i . i C o ] > \ .
Lactic (Gp N) . None . * N + - - _
. . [
. ¢ ‘ D' . o
\ 1) Efceptions w{}h Streptocogcous {angyis; ) ; o ’
~ (2) xceptions with Streptozoccus uberis, . o . q ‘p .
(3) Exceptions with Streptococcus mitis. - s .. 5 i
{4) Members of the Viridans group belong to Lancefield groups A, D, G, and K. . Some strains

L T e g B AN T TS

cannot be grouped serologically,

groups: :
o Pydgenes. |
.e Viridans.

_* system these species are divided into four major

Ay

o

° N

y

.

resistant to most“antimicrobial‘,agcnts. 'Th'e‘_ lactic.”
- group is characterized by variable hemolytic re-

actions ‘on blood agar and growth at“10° C. but
not 45° C. The {acti¢ organisms are nonpatho- -

genic. They are present in milk, and
responsible for its-gouring. T

2-13. Mgmbers of. the genus Peptostreptococ- -
cus, which we noted earlier have, been recovered
from. infections in various organs of the body/ are
generally' considered apart from the streptgcocci
of the two classifications discussed above. A
13 known species, only 3 ar¢_of medical interest: A
P. anaerobius, P. foetidus, and P. putridous.

. These organisms are catalase-negative like mem- * *
bers of . the genus Stréptococcus, and they also
produce a variety of heolysins. A fetid odor
-and gas production on high protein media,” along -
with the requirement for anaerobiosis, are ‘dis- .
tinguishing characteristics of the group.

2-14. Laboratory Identification. Beta hemo- . .
Igtic Streptococcus spp. are usually identified on o .
the basis of cultural and physiological characteris- o~
tics. Table 2 lists pertinent information*on those '
groups responsible for' the majority of - human
streptococcal infections. Note that the reactions .
Obtained- in Streptococcus faecalis (SF) broth ' R
and *sodium hippurate broth do not - separate N
Group A from Group C (human) streptococei. .

" However, this degree of differentiation ‘is not .
usually necessary.since infections by members of ,
both groups generally respond to idenfical anti-
microbial agents. , R v o 5

.» 2-15.'The Bacitracin screening technique:

that’ they multiply in broth media containing 6.5  (foldout 1) is often useful in distinguishing be-

percent sodium chloride: This group is also quite  tween Lancefield’s Group A and other groups of

, 5 ' . . .

e Enterococcus.. _
@ Lactic. " L g

»

are often .
h .

o In table® 1 the distinguishing cultural characteris-

o tics are portrayed for streptococci of the Sherman

classification. The corresponding - Lancefield

groups are shown parenthetically. - o

v 2-11. The most importarit member of .the

.- "* pyogenes gréup clinically is Streptococcus pyo~

' genes (Lancefield Group A). This species pro-

duces beta-hemolysis on blood agar. The orga-

" nism grows at the usyal cultural temperatures,

but not at 10° C. or 45° C. ‘The viridans group

- ,does not give beta-hemolysis on blood agar. As

a rule, no -growth is obtained at 10° C. Many

species produce an_ alpha-hemolysis, but the ef-

fect on red blood cell§ depends upon the species

origin of the red blood cells used, pHy and tem-

perature. .Viridans streptococci are found most:

* frequently as normal flora in the human respira-

“tory tract. . !

2-12. The énterococcus group vyields variable

;o hemolysis on blood agar. Growth generally takes

. , place at both 10° C. and 45> C. Althoygh these

organisms are considered normal flora of man’s

intestinal tract, they cad be pathogenic when in-
troduced into the bloodstream, meninges, urinary *
 tract, and various other tissues. Enterococci dif-

fer from the remainder of the streptococci in




- TABLE 2 -

r - N o -
” "
.l ' CHAKACTEﬁlS'ncs OF BETA Hzmommc Smanococcx Rr:srousmw FOR HuMAN Im?acnou
Y ' . ! ~ i
.o d - + o K —= = - Rkt S i
‘ Lance- Type Species Source . L. Digease sierface Subgav)te. . SR Sodium
K field (Bérgy-1957) v ’ . : . talionies, Colorivs Mo ifam dippurate
: . . . . . _ o ) Blood Agar Blood Agur . .
Group A |.s. pyoyenis liuman infections and 'Erysipelas; impetigo, sep-| Grayish-white, obnq&e ta {Lens ov d|sL >hapcd No groulﬁ Negative
Y . - carriers (usually res- tic sore throat, scarlet translucent; hard, with. jwith 2 nim. -ouc of
N . . - pirvatory). ’ fever, rheumatic fever, tendency for whole colony]hemolysis. ‘
. acute glomerulonepﬁritis, to move on-probing; hemo- o,
A ) - puerperal sepsis, septl- lytlu zones approxxmntcly ) T
. q‘ﬁ ‘cemia, etc.. -3 2 mm, . N
- z —— - - e — - =
Group B | 5. ‘agatlagtide Bovine infections Urinary tract infec- Gruyﬂ translucent, with” 0.5 wn. zones of hemo- | No growth Pasitive
Lo b and milk. Human tions, peritonitis, soft. texture; slight lysis after 24 hours; &
. intestinal, genito-- endometritis, wound in- hemolytic¢ zone. U:1 mii zone after
o v ’ uriniry, and res- fecl\ona, rnrel) >ept|- "i,, - hours . - Vouble ring
. piratory tracts. cemia. . hemolysis (o) lowing .
. T v . . refrig tion over- ~
2 e » - . N 4 night. _ }

1 Group CY| & equisimilip

Upper respiratory

FSuppqrntive lesions of

ludistingiiishahle from

ludlslnubunmh1ble from

No growth

Negative

° o human), and intestinal man, usuvally in mixed | Group A. Group A,
, : tracts of humans. : infections. Throut -
' ' * . \nfections.
A T < —* - - R § n
L ) Group b . jaeual;r Intestinidl and %'Grnup i, Gray, somewhat trans- Filemo )yt i¢ zoncs . | Growth, Negative
g . {entero- var. aymegens genitourinary tracts « | ucent, xoft; hemolytic approximately 3 to 4 with acid
3 ‘| eocei).- . of humans. Milk amd * zones slightly wider win . . resaction
: Xﬂ Jurang wilkh products, . than the colonices., N
. ) A - . .
— = : 5 R
o C.ONOTE: Hereptbeocsur fuccalia oand L ulquufuul.nu are also memhers of Serologivc Group Py however, thise species usially produce
alpl emol{sis on blood gfdr, Also . faccalio is occasionally observed to he nonhemolytic Cgamuit) o these Torms
. . represent the only nonbeta |pecies that may be unlfo;mly Lrouped \srnlok ally. ?
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" the beta hemdlytic streptocoeci. We first stredk a

blood agar plate with a_pure cultuge of the iso-
lated organism; then we place a one- or two-unit

bacitracin-impregnated paper disc on.the surface. -

Susceptibility or resistance to the, antibiotic js
read after incubation of the cultiré for 18 to

hours in a candle far at 37° C. Of -those beta
hemolytic isolates showing antibiatic susceptibil-

'1tv* about 85 percent will be Lanccfleld’s Group
" A. Almost 100 percent of the resistant forms
“will be other than Group A. :
" 2-16. We see-in table 2 that SF broth is selec-

tive for. Streprococtus faecalis and other"members

of Group.D. Sodium azide in the, medium pre-
- vents the growth of other streptococcal groups.

presence of growth, coupled with” an. indi

After incubation for 24 'hours at 37° .C};Bf
change from purple to a yellowish-brown,”indi-

“cates a positive reaction. Similarly, sodium hip-

purate broth distinguishes Grdup B streptococci

. from groups . A. C, and D. The inoculated me-

dium is incubated for 48 hours and then tested

" for the _presence of benzoic acid. This corhpound .

is formed’ by :the hydrolysis: of sodlum hlppurate
The formauon of a stable, preclpltate after we

.add 12 percem fernc chlonde mdlcates a posmve _

reéaction.

2-17. Foldotit l mhy be consulted - for ‘con- -

fxrmatlon of the wefl-recogmzed species. From a

-practical staridpoint, it is necessary only to dif- -

fergntiate St"eptocéccus faecalis from other alpha
and gamma (nonhemolytxc) streptococci. - Strep-
tococcus *faecalis. 15 resistant to penicillin, strep-

tomycin, and sulfon_amldes_whlle the other alpha -
_ dnd gamma strains are sensitive to these_agents.

Table 3 presents additional data. of help in identi-
fying the various algha and gamma ‘Streptococcus

’ specics that cause disease in man.

v

3 Dlplococcus Infections of Man -

3-1. The genus Dlplococcus has but one spes,

cies that is pathogenic for man. It is Dlplococcus '

pneumonige, or more commonly—the pneumo-
coccus.
follows:
Order 1V. Eubacteriales . .
Family X. Lactobaciflaceae
Tribe 1. Streptococceae
. Genus 1. Diplococcus
Species. D. pngumoniae .
3-2. Clinical Significance. Pneumococci
the cause of approximately 80 percent of the

cases of lobar pneumonia and roughly 1.5 per-.

cent ,of the bronchial pneumonia in man. ‘The
sputum is usually bloody or rusty and has a thick
viscous consistency. In'the early stages of pneu-
mococcal pneumonia. bacteremia may be pres-

The taxonomy of this organjsm i as

are
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" ent.  Pneumococci can mvaﬂe . other tlssues
either as combhc‘xuons of pneumoma in-
" dependent and - primary- infections. me
respiratory tract the organisms frequently spread
to the sinuses and middle ear. A meningitis may

result from blood stream infection following pneu-
monia. :

3-3. Virulent pneum_ococci' are  generally
The pneumo-

spread’ by asymptomatic carriers.
cocci are “opportun%thoge' ~n that they
apparently - do not / invade cept when " an
individual’s resistance to infection eclipes. Pneu-
mococcal pneumonia can hasten the fatal termi-
nation of such diseases as influenza, tuberculosis,
congeshve heart failure, and cancer. The orga-
nism has also been’ implicated in postsurgery
complications.

3-4. General Characteristics. The pneumococci -

are small. slightly elongated cocci arranged in
" pairs—diplococci. < In young cultures the cells

are frequently lancet-shaped, with the adjoining
ends flattened or slightly cugved. The organisms

may occur singly, in pairs. or in short chains.
Bneumococci. are typically Gram-positive, * but
older cultures become Gram-negative and show a
tendency - to lyse spontaneously.- They are non-
motile and nonsporeformmg Virulent pneumo-
cocéal cells are surrounded by a well-defined

polysacchande ,capsule that is promment when

_the organisms are .observed in tissue exudates.

3-5. The virulence is, in part dependent upop
this capsule which functions as a barrier again'st
phagocytosis. Various strains possess antigenic-
ally distinct polysaccharides in the capsule, each
inciting the formation 'of antibodies in the host.
The antipolysaccharide anubod:e% are specific,
‘because once fermed they- will react typically
with only the pamcular type. of capsular poly-
_saccharide " that. initiated their productlon Such
reactions result’ in the des\rucuon and removal
of the capsule from the cell wall thereby render-

. ing the pneumococcus vulnerabie to phagocytosns

3-6. Gram-stained smears of sputum or blood
specimens reveal ‘the typlcal
cet-shaped dlplococm shown in” figure 1. Th&
organisms may also be seen in spinal fluid sedl-
‘ment, pleural fluids. or othér exudates fro
fected tissue. The presence of a capsule 1s re-
vealed in Gram-stamed smears as,a thick halo
around the cell when observed under reduced
light., The' polysaccharide material is more easily
seen byaperformmg a capsule stain or an India
,ml\ preparation.»  °
~ 3-7. Pneumococcal strains rfequire an eri-

riched medium for growth. The standard blbod

N

agars and broth media suchsas thloglycollate,'

bram-heart infusion, "l;gdd He\v:tt and trypti-

. . :,

v K , A
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ram-positive, ldn-
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_ - TABLE 3 v L v,
v IDENTIFICATION QF ALPHA AND GAMMA STREPTOCOCCUS SPEctEs - C -
. i . . : o - . . .
a . N s . . . N .. . : s e . o A ' W
Spectes Sourde « Pathogenicity SF Mannitol é Inulin Reduction €olanies on|” Growth in Colonies
: . ] . e O o Broth " - AN Methylené| Blood Agar _ 5% Suerose| 5% Suc-
’ N . . R Blue Milk| =~ .. Sroth ' rose Agar
—F T - = < T — - - - - B — - = - -
S. salivarius Respiratory Mild respiratory o : + - Alpha 24 to |No change |Large, muc-
. s tract . tract infections, growth * 48 "hours o .- oid raised. .
- . subacute bacterial| , ! o Co
* ‘_endocarditis, etc. ,
. : S. mitis Respiratory Mild respiratory [No - - - Alpha 24 to ‘|No change -|Small con- -
- r tract | - tract infections, growth ¢ 48 hours T ven, v
.o . . [ ©- subacute bacterial| ’ h
o B : -endocarditis, 'etc.. )
. B ; ! - :
-] , : : )
' S. sanguis | Blood 4 Subacute bacterial |No - A v - Alpha 24 to-lJelling of [Small, con-
. e e 3 endocarditis o | growth i R 48- hours “broth ‘vex.
A : i = D v = - -
St,rfpto‘caccus + | Respiratory | Secondary invader No: - - ' - - No ‘hemoly- No change Small, con-
MGY» . : : tract primary atypical grow;bx‘; sis 24 hrs. . vex, filuo- -
0 ) : ' pneumonia Alpha 24 to rescent in
‘4 ‘- . . ] 48 hours ultraviolet
’ . - Py ;0 ’ light. -
- ; L . : —; : g ¢ .
‘S. faecalis Intestinal’ Urinary tract in? Crowth + - + No hemoly- ' [N& change |Small con-
(ent@roco,ccus'( » and genito- fections, peri- : sis- 24 hrs. : . vex..
e Group .D) ) urinary Jtonitis, endo- . Slight.alpha
3‘ 1 . tracts metritis, sub- . 48 hours @
_ acute bacterial . ) .
o 7 . endocarditis ) - . . ‘ ‘ ‘-
. . o {
. . .
i . * [ ‘“ ¢ \
) * o : ‘ ' 2
. N «
. . : 1 -~
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. pneumococcx

“'material of the mucoid phase.

colony is wusually slightly smaller.

Diplococcus pafumamae—Gram stain of

.Figrye 1.
: R blood culture srpear

case soy generally yield luxuriant characteristic

better .under increased carbon dioxide pressure

- such -as in- a candle jar, particularly on primary,

isolation. On blood agar after 18 to 24 hours’
incubation at 37°C., typical virulent strains of
form flat, smooth, transparent,
slimy, or mucoid colonies that may be concave.
Colonies. measure 0.5 to 1.5 mm. ‘in diamegter,
and’ are generally alpha hemolytxc The pneu-,
mgcocci produce ‘an autolysin which tends to

- dissolve their own colomes after prolonged in-
" cubation.

s

3-8..There are three ma]or cultural phases of
the: pneumogoccus. These age the mucoid (M),
the smooth (S), and the _rough (R) phasgs. The
mucoid -(M) form. represents normal colony‘ap-
pearance. It is due tg the formation of a type-
specific polysaccharide in the capsular materxal

9

\

" growth. Pneumotdcci are aerobes, but they grow™

The stooth (8) form has an even, shmy ap- -

pearance. Its, colonies lack the polysaccharide
The rough (R)
form has a rough qr textured surface, and the

Like - the

solubxhty test, w’e add a few drops of. 10 percent
sodium desoxycholate to a ,growing, buffered,
broth culture (pH 7.4). Lysis of the cells in the
broth will produce a vxslble clearing within 10
minutes if the organisms ‘are pneumococci. The
optochm or Taxo sensitivity disks (ethylhy-
drécupreine hydrochlonde) are placed on the
heavily moculated area of a blood agar plate.
‘After 18 to 24 hours pneumococcal cultures ex-

.- hibit a large clear zone of inhibition around the

disk (go growth), as seen in flgure 2,

3-10. Pneumococci may also be quickly ahd
accurately identified - by " serological typing. If
Gram stains of clinical material show the pneu-
mococcus in relatxvely pure culture, samples of
the, specimen may be reacted with type-specific

antisera on a glass slide”and observed for the

,Neufeld—Quellung reaction. We expose the-orga-
-. mism to type-specific ?ntxsera for the strains most
* commonly .

responsible - for human. infections.
When a. pneumococcus type is- mixed with its
specific- antipolysaccharide ‘antibody, ithe capsule
. appears to swell and becomes markedly defmed
‘under microscopic ‘observation. This. is ‘the basis

Lof the Neufeld-Quellung reaction, as'shown in,

figure 3 Table 4 shows how, wev@an distinguish
between _pneumococci and the morphologrcally
srmrlar alpha streptococci by employing a- combi-
nation of tests—bile solubility, optochm sens’mv—‘
ity, and serologlcal studles .

4. The Corynebcderm ' .

4-1. The ‘only true pathogenic species "of

Corynebactenum is C. diphtheriae. ‘The three
intermedius, ¢
“and’ mms—-calIse the disease dxphthena « Thi

varieties of this specxes—gravzs,

smooth form. it does not possess the mucoeid type 8,

polysaccharide.- Most pathogenic pneumococci

are encapsulated and form the M colony. Loss of ¢- ‘

the capramed by aloss of virulence
and antigenic sphc icity ' .

3-9. Laboratory Identification.”
onies suspected to be pneumococci should /tf
evaluated by twos techniques: (1) A sodium

Isolated ncole 7

desoxveholate (or bile) solubility test to obserye«

for lysis of “the cells and<(2) defennxnatxon of
optochin sensitivity. In the sodium desoxycholate

* Figure 2.

Culture of Diplococcus pneumomae showmg
zone of inhibition.

-
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~ Figure 3. “Neufeld-Quellung reaction. -
commonly encountered saprophytic Gra -posi-

tive bacnlll that ' resemblé- C.. dtphlhertae mor-

-

xerosis.. These members of t
~ associated with diseases of man. Corynebacte a
are classified taxonomically as follows:

_ Order 1V. Eubacteriales
Famnly XII. C0rynebactertaceae .
Genus L Corynebactermm

' 4-2. Clinical Signiﬁcance. Corynebacteriy
_diphtheriae is found m _the upper resplra
tract of infected j

" able pleomorphism.
slightly curved rods,
- forms _are common.

o, skm or wounds. The bacilli are spread by -
nasal or oral droplets, or by direct contact. The
virulent _bacilli invade the mucous membranes,
mulnply rapidly, and produge a powefful exo-
toxin. Absorption of the toxin by the” m,ucmf’s

“membrane yields an acute mflammatory response

and- destruction "of the epithelium, The accumu-

lation of fibrin, red blood cells, and white. blood -
‘ells results in thie formation of a gray, clotted ,

film or “pseudomembrane”
sils, pharynx, or larynx. _ ,
4-3. As the disease progresses,.the toxin .is
absorbed by other tissues. ,The organisms remain
localized in the upper respiratory tract; In clini- »
cally typlc*z’ﬂ diphtheria. lesions and pseudomem-
‘branes in the throat usually yjeld large numbers '
of the. characteristic bacilli upon direct. micro-
scopic examination’of smears. It is the exotoxin,
dlssemmated to the blood and deeper tissues,
which accounts for the svmptoms of systematlc

that covers the ton--

]

»mvolvement

4-4, General Characteristics. The corynebac-
tefia are- slgnder, Gram-posmve rods measuring
from 1:t0 6 microns in length and 0.3 to 0.8 -
anicron in width. They usually exhibit consider- -
In additionvto straight or
club or dumbbell-shaped
The diversity - of shapes
stems from the” irregular dllstnbutlon‘ of cyto-
plasmic granules—metachromatic or Babes-Ernst .
granules—that distort the cell wall, .

4-5. In smears stained with Loeffler’s alkaline

* methylene blue "and similar dyes, the metachro- °
»mauc granules appear as deeply stained bodies
- .agamst a lighter cytoplasm. This contrgst gives,

the cell a banded. barred, or beaded apped\'ance
Corynebacteria are- characteristically arranged in
alisades. but V- or Y:shaped branchmg formg
ay- also occur. Microscopic groupmgs have

"NOTE:
’ , @ tendency to form confluent .growth.

10
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Colonles of pneumococcus type III are - generally
These form

carriers. The brgw ism is lsolated rarely from en compared to “Chinese letters” or “piles: of
] B 1]
* TABLE & = . . . P
) ' Dmrsnﬁmnon OF PNEUMOCOCCI FAOM ALPHA STliEPTGOéOCCl
- . < ' .
' ‘ > - i . . LS N
! - ' Organism Hemolysis Colonial Morphology apsules wuellung Sptochtir,
. . . ' ~ . Heacetion {Ta.ro-z”@ 4
- - - ; : -\ .
: : T e
Pneumocecci Alpha -Small, flat, shiny or | Usually r Positive Sensitive s
s : mucpid, depressed " present’ , i
o, ) center and concentrlc .-,
a . - _rings b :
Al:ph)a' " Alpha Small, raised dome- Absent _Neg‘ativ_e Resistant
. - S€reptococci " .shaped, smooth, :
“. translucent, or )
: L ’ : opaque . : [ ‘
- T e : - ;w f A

arger, raised, and more mucoid, with
resemble droplets o.f oil. . '

203 g " a
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Figure 4. ' Corynebacterium dl’ph;heriae.
matches.” as shown in figure 4.. It is important to
remember that saprophytic diphtheroids may re-
semble Corynebacterium diphtheriae; however,
diphtheroids are usually short, thick, uniformly
stnined rods. In most, cases, the diphtheroids
gxhibit little or no pleomorphism, as we can,
observe in figure 5. 7 teem o
#4.6. Good growth of the corynebacteria is usu-
‘lly obtained_on enriched media such as 'blood
agar. but Loeffler’s serum slants and potassium

(tellurite agar plates are recommended for pri-

mary isolation of diphtheria bacilli. Corynebac-
teria are aerobic. and they develop well at 37°
C. Typical growth is formed within 18 to 24
hours on Loeffler’s agar. On potassium tellurite _
medium. characteristic growth of colonies usually
requires /24 to 48 hours’ incubation.

4-7, T)gpical colonies . of Corynebacterium

V diphtheriae are described in table 5, which 