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Preface

niectious discases caused more than 17 million deaths in 1995, almost one

third of all deaths that occurred worldwide that year. The World Health Orga-
nization bas listed 18 "new” infections diseases identified during the last 22 years
that are contributing to these statistics: This ominous rise in infectious diseases is
accompanied by an almost equally aliirming decrease in the numbers of programs
available for training clinical laboratory sclentists and microbiologists.

Diagnostic microbiology isa visual science: ability to recognize characteristics
both microscopically and macroscopically is the hallmark of competence in the
ficld. A convenient and inclusive source of microbiological color images is vietuully
nonexistent. We have sought to remedy that situation with this volume,

The book comtains 733 full-color images, encompassing laboratory salety
practices. specimen collection and transport devices. specimen handling. colony
morphologies, microscopic images, biochemicals and other tests, and susceptibility
testing. The microbes that cause human disease are lound among viruses, fungi,
parasites, and bacteria, and this book includes representative imapes from each
group. Emphusis has been placed on the plctures and text is minimal, with just
enough information to place the photographs into context, The book is meant to be
a collection of some of the most important visual images in human dizgnostic
microbiology.

All instructors helping students to learn medical microbiology know how dif-
ficult it is sometimes to find that “typical” image to illustrate a point. We expect this
book will provide instructors easy access to those images that are frequently used
in the weaching of diagnostic microbiology. The book should be useful to medical
students taking their microbiology courses, pathology residents and infectious dis-
eases fellows, pathologists and phystcians, and of course, laboratory scientists and
diagnostic microbiologists. both beginning and reviewing.

We have attempted to include in this atlas those images that cover the most
requently detected pathogens and most frequently performed tests in the clinical
laboratory. We realize that this is an impossible task, because the numbers of
pathogens and types ol tests vary greatly from site to site, 1T we have Bailed Lo cover
a subject that you think should be included. please feel free 1o send us your sug-
gestions, or even better, specimens and samples, to be considered for the next edi-
tion of this book. Obvioush:. we ask all of our readers. and particularly our critics,
to bring to our attention any errors that they may find in the book. We thank all
of you in advance for vour help.



Technical Note

The light and Huorescent microscopic plelures were taken with a Zelss Unlversal
microscope (Carl Zeiss Inc., West Germany) équipped with Zeiss and Olympus
{Olympus Optical Corp., 1ad., Japan) lenses, and a Nikon FX-35A camera (Nikon
Corp., Tokyo, Japan). The macroscopic images were obtained using a Nikon EL cam-
era with a Micro-Nikkor 55 mm [¥3.5 lens, and a Contax RTS camera with a Carl
Zeiss S-Planar 60 mm /2.8 lens, Kodachrome 25 Professional fitm (Eastman Kodak
Co.. Rochester, New York) and Velvia and Provia Fujichrome films (Fuji Photo Film
Co.. Lid.. Tokyo, Japan) were used for most of the images. The electron micrographs
were taken with a Philips EM400 electron microscope (Philips Electronic Instru-
ments Co., Eindhoven, The Netherlands) and Electron Image Film S0-163 (Eastman
Kodak Co.), The magnification stated in the legends corresponds to approximately
that of the printed figure. However, for calculation, the measurement provided in
the legend should be used.
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CHAPTER 1 Laboratory Sﬂfety

uring the last decade there has been a dramatic increase in the number of

puidelines, recommendations, regulations, and standards introduced for the
salety of personnel working with potential pathogens in clinical laboratories. It is
mandated by OSHA (Occupational Safety and Health Act. created 1970) that guide-
lines be implemented and practiced and that protective clothing, containment
devices, and decontamination eguipment amnd materials be available in the work-
place. Procedures regarding biosafety requirements and practices must be available
and familiar to all laboratory personnel.

Protective Clothing and Equipment

An important component of Universal Precautions and safe work practices is the
effective use of protective gloves, eve and mouth protection, and laboratory coats,
all considered 1o be Personal Protective Devices, Protective gloves must be worn
whenever there is a potential for direct contact with infectious materials, Disposable
latex or vinyl gloves are recommended and should immediately be discarded in a
designated waste container when removed.

1-1 Remowe one glove by pulling the outside bottom of that
glove toward the palm and fingers with the other gloved hand.

=2 Pull the glove completely off and hold this contami-
nated glove o the gloved hand. Do not tooch the ounter surfnee
turnbng the glove inside out me it eemoved. Donot tosch your ol elther glove with the ungloved hand
skin with the auter ghove surfae,
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1-8 Using the unghed hand, grah the inside of the bottom = 1-8  Pull the seecnd glowe over the contaminated ghove that
of the second glove and pull the other glove off, s held inthe band, turning it completely inside out to contain
the first glove and to ivoid contaminating the ungloved hands,

1-8 Both gloves should be immediately discarded in o waste
container designated for contaminated materials,

1-8  Fye covering such a5 goggles should be worn whenever
warking with body fluids or other specimens that may splash
or procedures that miy create acrosols. Goggles with side pan-
els should be provided for each worker,

=7 A fuce minsk Is worn to profect mucous membranés of
the nose iund mouth and o screen out acrosel particles that
may enter the respiratory or digestive tracts. The mask should
fir tightly around the face and peovide the OSHA-mandated
level of protection. Face misks shoubd alveays be worn if there
is a chance of spattering clinical material. In some settings,
waterprool face shields may be required for some lasks Involv-
ing serum and blood,




1-8 This photograph illustrites an mpeopecly Mited aee
mask that docsnet provide ndequate proteetion. There ts o po-
tential for contaminated materials 10 enter through the gaps
and come into contact with mmicous’ membranes or 1o be
beeathed in.

140 A lull fisce shiekl b worn 1o protect the eyes, nose. and
maiith from sphishies

Laburtory Safetyy 3

1-8 A full face <hield protects the eves, npee, and mouth,

=11 Fluld-reststomt laboratory coats with closed necks and
wrists should be worn to cover all potentisl expoeed skin ind
clothing: Fluld-reststant labormtory eonts should be worn over
street chothey snd should bee remioved bhelfiore leaving the libo-
ratory.
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142 Knit cufbe peotoct (e =kin oo T arms. =13  Protective gloves shiould be worn over the kit calls to
provide o proper sheeve clesure ind hand protection.

Disinfection, Waste Disposal, and Sterilization

Disinfection

1-1d [econiamimtion of work surfaces ut the end o sach 148 Faper towecleshould be phisced on e mptLaaminited
work surface and soaked with difuted howsehald Beach lm

shilt s cleaning of spills should be porformeed with a leesk
F I
medisilely aller aspill and at the end of cach shift

PG anlution of hovsehald b,

1-18 Mekch-ioaked paper towels shoubl also be gsed 1n the

bl ety cabunet to cateh fullen drops thal can cresie
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Waste Disposal

Contaminated materials should be disposed of in proper containers thal are prop-
erly labeled and fitted with lids. Separale containers are available for plastic and
vhss amd needles, I is important 1o dispose of materials in proper conlainers Lo
avold potentially serious Injury or illness to individuals coming in contact with these
materials.

=17  Agur plotes are discarded in o properly labeled con
Likiner with a lixd

=18 Needleswdih anmched syringes are discanded into
haird-shiled, punctume-pronl contalners. Neodles must never be
ricapnegd wntes o oanelally designed, commercinlly availshle
holider for reshenthing needles 15 vsed for that purpose

=18  Glas tubes containing humao ssrngles dre alss dis-
vinribed It hard-sided, punctore-prool contalnes
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Sterilization
All materials contaminated with potentially infectious microorganisms must be
decontaminated before disposal. An autoclave is the most common instrument used
to perform this function.

1-20 Loosely padkes] miaiterbaks that have been apgprogel-

ately discarded n disdgnated coplaliners (Le. red-bagged lined

never he filled complelely, are loosely tled ot the top o allow
thesteam 1o circulate nod effectively decontiimin:ie the con
tenda Adding approximately 1 cop ol waler Do thee b factll
tntes stemm production,

Biological Safety Cabinet

1«24 The autoclive door s chosed tighthe At the comphetion
of the cvele, the door b opened slowly by an operator wearing
heat-resistant gloves and a face mitsk to profect agiinst burms
front: escaping sieam.

The biological safety cabinet (BSC) is one of the most common containment deviceés

used in laboratories. Air s decontaminated by high-efliciency particulate air (HEPA)

lillers,

1-22 A commonky used Clazs 11 biological safety cobinet
that Biter sterilizes both the incoming and exhausted air A
RS dhoukl be kipt bree of clutter Rouling inspection of the
cabinet by a cerilfied technican is reguined.
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1-23 Regular measuring of abr Dow should be performed 1o
ermure pooper vedociiy Mechanical problems, ey clogging.
fnd other ceasons contribute to lowered velocity, which muy
allow Infeviious particles to ecape Lhe cihinet.

Other Safety Practices

Use of aerosol-contalning salety buckets In centriluges. vortexing tightly sealed
tubes in a biological safety cabinet (BSC). and securing gas tanks 1o a holding device
mounted on the wall are other additlonal safety practices that are reqguired to

ensure a sale work environment

=24 Tightly seaded ceotrifuge tubes e placed Inlo sty
carriers thal are themselves Ughily sealed before centrilug
Lhor, This will avold cosatiog an aerosol i tubs are broken

dduirbing evntr Eluggat b

1=-B8 LCare should be taken whon opening & séaled cen-
triluge carrier to avodd contamination from o posside broken
contaloer during centrfogalion.
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=28  Tightly sealed containers should be vorteved oo B0 =2 AN i banks shmild be secured In place by 5 holding
onby. The tube should then be verted to renbsorh aerosolized devies

particles. A 30-minuite waitl belore opening the mibe nvoicds

wepumol creallon, especially when myvoobaciena are being -

el

Mailing Containers

Potentially infectious material must be shipped according to the federal codes of

Interstatle Shipment of Etiologic Apents.

f

1=-28 The specimen must be placed in an inner sealed con- 1=-28 An official Ericfogle Agenis label must be alfived 1o the
Lidner, which i then placad in an outer seabed metal ke, The dakiter container
inrper conbainer must have sullcient matersal to absocb the

enitire (fuld contents in e event of a leak,



CHAPTER 2 Specimen Collection

Containers

-1 1

i 15 the responsibility of the diagnoestic microbiology laboratory (o select and

provide transport devices for collection of specimens from a variety of
danatomicil sites. Most specimen collection contalners incorporate transporl media
that suppaort the viability of microorganisms encountered in clinical specimens. The
interpretation of results s dependent upon the quality of the collected specimen
and the transport conditions. Improperly transported specimens may result in fail-
ure (o Isolate the causilive microorgunism. One of the most common and widely
used Iransport systems is a plastic tube containing a sterile polvester-tipped swab
and medium to prevent the deying of microorganisms, maintain the pH., and min-

imize overgrowth,

2-1 Sterlls dispoasable asroble culture caol-
lection nnd troanaport system consteing ol o plos
the Tube containing two ravon-tpped sowabs and  modified
Stoaert s transport moediom in e separnte ampoihe 0L Microe-
binlagy Svstemis, Cockeyaville, Md i, The ampotle is located af
the Base of the Iube and s covered by a protective sleeve on th
ouitside, This ampoule must be crushed after the specinien =
coltecied.-and the swabs are placed back mio the containes
keep the specimen on the swabs moist, The use of cotton
siwalis =houkd be avodded because they contain fably acids that

may be xbhibitory (o-some bacierio

2-2 HNasopharyngeal-urcgenital swab (Cal-
giswalb Type IV} Spectrum Dlagnosticn,
Glonwood, HL). This fegible wire shaltaod small Gp pro
vides ey =pecimien colbsction, especially for nasopharyngenl
ikl made urethrid spodcimens, Calchom algiaode swebs shiocrld
il b wsed for ssllectlon of urethnil specimens becimse they
oin b iode Do some siealns of Nehieerla gonorrlioeses homsover

they nire ipseful foe collection of Chigrmela tachomatds colires.
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2-3 MHasopharyngeal collection aystam.
s milar collection sysiem a8 described in Prgore 2-2 7 howeyveT,
this swab i used for collection of nasopharyngeal specimens
for recovery of Bovdelella perfpsay. The Dube contaims Amies
chizervon] tramssart miedium, which also supports e viabiliny
ol Melsserhi gorarriioeie

2-4 Siterile, daposabla colloction and
tranaport aystem for recovery of viruses
({BBL Microbliology Systams, Cookloysvills,
P ). The swab and holder are shiwm separatcly ot the top
and assembled at the bottom. The tube contalns n rayar

Lipped swab and viral transport medium contalining Hanks
balanced salt solulion and antiemdcrabics, This prevenis speci-
men drying. hedps meunlbam vical viabilitv, ond retards the

pronwili wf ol mitcrodhinl contambnanis

2-8 Horpes collection kit confsining twe siees o
dncron-tipped swaiks, g shide for preparatbon ol o direct smear
i1 the time of callection, nnd o =lide feative (Svyen MieroTeak

e LI II'I'H.-_ Lalil L. The «lide wil e 51s :I1-|'|”..I!l|'l":: The Labowraors

y with adirect looreeent antibody sinin

2-8 Chiamydia trachomatis ocollection KiE
containimg two siies of dacron-tipped swabs and o cvtobrissh

s e

i
i SEchE M

preparation of o direct smear ot the fime of collse-
thom, amd an ampoiile of dlide Oxutive (Syva Micralrak, San
Jose. Califn The slide will be atained later in the |aboratory

with o direct Hoonesoent anbibody stain




2.7 Wiral-chlamydial tranaport medium. Spoo-
imend for detection of viruses or chlanmadia should be pluced
ik m tabe of sucrose-phosphate buller transport masdium
contalning fetad call serum, buller. and gentamicio (Baxter
Demgnostics, Inc.. Deertichd, 115

2-8 Blo-Boag Environmontnl System [(BEBL
Microblology Systoms, Cockayawille, Md.).
he specimen for-anneroble ciliom is colleoed & tesue in o
lerlie ube o mich less destrable, on o eeab, and then pliced
Iy Lhet s imperimenbbe environmental bag that coninins am
peniles of Indicator, cotalyst. nnd hydrogen-C0): grnerator The
bag bs senled and esch ompoule 5 crudhed 1o prodoee andaero-
b comaditions.

Seechmen Collertion Conitnimers 11

2-8 A, Transgrow botile (BEL Microblology
Systoms, Cocheysvilla, Md.) oo recovery ol S
riit gorerrhocae, The Inner il swrfaoe of the bottle contalns
mipcifbed T haver-Maoartin sgoe thal has been prepared ander
(il B, Jemboo plote (BEL Microbliology Sys-
tome, Cockayawvilla, Md.) lor recovery of Neldaseria
gorirriovae. Mediin i poepared in o lag, plastic container
wihth & snap-top (kL The =pecimen 1= Inoculated directly, and
il maobsture Eroam the madium dissolws o bicarbonane twhls
o crente the Uk nimosphene
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2-10 Para-Pak Parasitology Collection Kit (Maridlan
Diagnostics, Cincinnati, Ohla). Thiz commercially prepared ki
containg one vial of medifed polyvinyl aleohol (PVA) nnd one vinl of bullered
epewrieal formalin, Placing the stool specimen into these vialks immediaiely nf-
ter collection preserves the mosphology of the parasites,

There are a variety of media for the collection and recovery of microorganisms from
blood. Some of these media can be used alone, while others require incubation and
detection in an automated system. They all contain between 0.025% to 0.05%
sodium polyanetholsulfonate (SPS), and the recommended blood-to-medium ratio
is 1:2.5 o 1:10, depending upon the system. Examples of these media appear in

Figures 2-11 o 2-14.

2-11 Septi-Chek biphasic blood cultura bot-
tie (BBL Microbiclogy Systems, Cockays-
ville, Md.) represents a nonautomated blood culture sys-
tem Bottles contaln tryptic soyv broth and an agar slide paddie
with three agar types: chocolnte, MacConkey: and malt. Bood
is tnocubisted into the bodtbe i th tme ol collection and trans-
ported 1o the lsboratory. In i blologheal salety cisbiiet. an agar
slide paddiec is attached to the batile. inverted, snd Incubated.
Subcultures are performed by fverting the battle again 1o ln-
oculite the paddie.

2-12 Isolstor lysis-centrifugation bood cul-
ture system, 1.5 and 10-ml tubes (Wampolo
Laboratories, Cranbury, B..J.) are rocormmedol
for the solatkon of mycobacteria and hongl. The tube contalns
a blood cell besing fluid of saponin, polypropylens, SPS, fluo-
rinert, and EDTA. Specimens collected in the 10-ml tube nre
ctiriluged al JO0M = ¢ for 300 mineies. The supernatant s
discarded, and the sediment |5 plated onto selected media.
Spocimens collected In the 1.5 ml tube are plated directly onto
i,



2-13 BACTEC blood culture bottlas oo monn-
fxrtured sith o chobée of medli sochas 36 Plus, 27 Plos, and
Pefs Pliss. shown here. The bodtbes e uxed with the 9000
Moorescent Series Instroment (BOEHS. Becton Dickinson
Srarks Md. ). These medin are iviended for rocevery of nerabic
and emaerobic microorgmRisms;

2-18 Blood colloction wvacutainer tubon.
Thoret blosied colliscthon vacutabmer Tubes (e b gl B SPS-con-
takning. serum separmbor 1y pe. il soxfium heparin-conitiin
ing (Becton Dickinson, Cockeysville, Mg, The plusma ar
serum obiainegd 5 psed for the seoodingnosis ol infecthos
disenscs,

Specimen Collection Contaiers 13

214 ESP B0A soroblo and BON anasrabic
blood culture medla (o be gsed with the FEP aote

mited Blood colture systom (Dfen Labomatoried, Detrnlt
Kich.)
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CHAPTER 3 Specimen Processing
here are a number of Important steps involved in specimen processing that

T in¢lude (1) entry of patient information into & computer system or manual
log: (2) visual examination of the specimen to determine if acceptance criteria are
met: (3) specimen preparation, selection, and inoculation of media: and (4) prepa-
ration and microscopic examination of direct smears. Upon receipt into the labora-
tory, the technologist should verify that the specimen is labeled with the appropri-
ale paticnt information. Unlabeled and mislabeled specimens should be handled
according to the written laboratory policy. Any additional patient Information
needed to process the specimen should be retrieved from the laboratory information
syslem (LIS) or other source.

3-1  Eniry of specimen informalion into the computer sys- 3-8  Fxamination of the specimen contalner to conlirm that
term. Upon recelpl Into the laboratory, the specimen should be  the specimien is properly labeled, a criterion for acceptance. A
entered (ngo the LIS or manual logbook. Patient Information  protocel for handling unlabeled and mislabeled specimens
inchuding dingnosts and antimicroblal therapy, complote spec-  should be avatlable and followed,
tmen information including anstomie collection site. Lime of

collection, and test requests, and specimen accession numbsr

should be available before specimen procesalng,

1+



3-8 ‘Verilving that the information on (the specimen con-
tainer label corresponds with the laboratory request form. lm-
properly labeled specimens should be processed only If corree
thve acthon and decumentation are complete,

3-8 Fxumining the specimen container for the presence of
eracks, leaks, and other potentinl problems. Uinbversal preciu-
tiors should be used when handling all specimens.

Speviment Provessing 15

3-a4 Carcfolly examining the specimen 1o determine I it
matches the specimen deseription provided on the laboratory
request form,

3-8 Macroscopic examination is an important Seterming-
tion for all specimens: however, it i imperative for speclmens
from cxpectorated sputa. The macroscopic uppearances of the
four sputum specimens shown in this Bgure ares (top lfl)
thick, mucoid, puralent: (Lp right) watery suliva; (ortom fefi)
ervuodd, bloody; {obfeer fefl) thick, muonkd center surrounded
by saliva.
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3=-F Aowellwrltten prodetfure muminl most be avallable. T
should include policlis for acoepling and rejecting specimens
and guidelines for specimen processing. This mamoal shoald
be consulicd for complele mfocmation on speclmen process.
g inoculation of media, and mcubalion and atmospherk
gonditions

3-8 A sclocton of onrched, diferential, and sclecifod me
din: shonld be sntlable for colivee. A dally stppdy of media
shouild be stofed ot room iemperature and sasily oooctghle 1o

thewser

3-8 A; Asupply of preveduced aneerobic media shookd also be availatile and vsad only on sslected specimens as oullined (o the
procedore, mdisiml, By The appeopriaie modia and sldes should be sebscted on the basts of the specimen souree sl cullon
recpuiesl, These mesila should be labebed with thie patient dendifyings scoession number before Urey are innlaied



s, sl i cielibrating B-11 An excellend method lor prepanng i Geanm stain (ren
(e tissue is 10 press Lhe tissie Jirectly onio the slide susrdface

Sierile shivhes should be vsed o progerve the (e for goddi-

3-10 i selection of insculabin
pa, shotald be among the supplies for processing,

{hearidnl stuadhos

312 Tissue specimens should be mineed or homogentoed
beslire rvocudation oalo media, Une metbod makies use of ster- 313 Another micihod (o homopenidng iEsie = asing
fle sealpel bbedes; The specimen is pleced inlo @ storile petn disposable tssuc-grinding kit (Sage
vvslem minimizes contamdnation e spdatiering of 1 spincd

s Larys L) This

sy, Jared vigme or Pw) sterile surg el scalpels wre used Loominc

the soeciimen wilil i = hamogeneous In conslslsncy men

48 A portion of the specimen i ploced inlo the tissui 3-18 The specimen & homogonkeed us the operator fadsis
aridier tube, and af beast 0,5 mi of notrkenl broth [5-addoed 1o nnd puishes. he pestle down onto the ssoe. The procedor
s ok alwarwz be perinemed in g Blolopicnl slety cabine

oden L specimnetl
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3-18 Specimens maust be coamined carefully before Inocu-
Intion of medin, A representiative partion that has an aboor-
mitl appearace (L, eeks of blood, mocous, granules, puro-
berit. abnormal color, or olher signs of an infections process)
shiould be selecied.

B-17F A, Saliva. ws shown in this figure, must be distin-
guished from spulum, The inpresion thal o specimen con-
sists of saliva ks confirmed by preparing & Graum staln aind ex-
umining the specimen micrascopically. Il the microscopic
examnination conlimms thet the spectmen i not sputum, the
spreciimen should be refected and not provessed For rotitine boe-
teripl culture. 8, Gram stain (low power) of a good gquality
sputum specimen, characterized by lack of squanssus opithe-
lal cells. Most of the somatlc cells seen are nentrophils.
C, Gram stain (low power) of a poor quallly sguitum spect-
mem, charncterzed by numerous squamous epithelial cells:
The eulture of soch o specimen will not sccurately rellect the
clinkeul diustion and may yield misleading resalts
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3-18 The porilon of 1he specimen most likeby 10 horbor the 2-18 - Rejection of spocimens thal appear mecroscopicily
nfecting mbcroorgn sms s selected. A simple of thissputum torbe from an infocted soaree, sch as the @nedate fuid thown
pecimen should be taken from the central, Iloody porthon n this Egore, but appoar nnacoepiable when examined micro-
seopically, should be weolded. The Gram stain should be re
pented il thers 5 a discrepancy between the micooscopilc exain

ind the gross appearance of the specime

-0 Proper techogue showld be wsed when peeparing d -1  When o stertie Pastonr-pipetie s uased o Inoconlone fia

ot smeirs, When Inoculating o speciosen onbo @ slde with o (ks gun o g s llede, ervoueeh speec lissen maosd be placed on the <R
D, [he swiab shotikd be rolied over mest of the surfioe ieng For oo e le ol apgerosttimately 15 man o dinmeter. The siide
i ek -ainia-Rorily paodbesy. Rededt orv sawabs sined reguest o new shicinihd dilr drv in the biokogleal safety cobinet before it s Bxed

sPOChnEn i stidised
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3-23 1 SN L o |
an o osibde and coviered immredilitely with bocover slip, This
prepaemdlon s examined ey A0 povvir L detoct Baaclios

ial weotiaey, modile paradiies. amd for ot her pvestigaiions

o Nejube] spesclmesn s placed (0o owell

-

-2 i moy by necessiry toousew loogs Lo prepane te slick
I the sample b snll, Enongh spockmen shourkd be dhepes il il
w1 Lhe shide 1o form o checde of appeosimotely |5 mm in diam

ter Ulear Ouids, on vhe orher hand, should be il

piskied lnon
heaped deoo and alliwed 1o ade dey. A cvtincendrilugss |5 redom

meinded (or making tmoars of hady fiids

3-24 A, Il 1he spocimen 5 on m sy thi: mear plaios
shot]d be inoculaied by rolmting the sywah biross one gund
rant af the plate. @, Il dnly one semb i availesle, i shoald be
vortexed i asmadl amwount of beoth (0,75 to 1.0 ol and the
resulling suspensson can be weed Do indoeulste pl 4 IHICE -

pare e shicsr Vortexing skl be perlonmed inoa BMological

sfety cabloet
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3-24, cont. . The primary oasculum 15 spresd wlth o
boop, wsing o bick-and-locth motlon, A wire loop should be

1
stenlied bebwoen cagh suvoessde quals

wnt sireak

2-BE  Sicrike forceps are wsed Lo process hartbware such os
cotheter tips, Thie lorceps are st el to roll the catlicter 1ip
over e ppting surfoce of an agar phite, od thee o pleee the

callietier Uy Wl o beodhy eeed o {=hiswn

B-FF Specimens in syringes shioald he discouranged: vinls
are b salided ot the hedside. Plood cultore vinls are nde-
tal benr ey howdy ihkids

Specinien Processing 21

S-S
thom, the sogermaiand shoubd be nsphrited of
e i Paisleur piprite shotibd be vsed oomix and then inoculate
i sedinment onto media and shides. Volumes too small io be
centrifuged sl be inoculated directly with a pipetie

IT sterile body Hulds are concentenied by centrifaga-

the wdiment,

a-28
femperatures okl be wvaldable for recosery of pathegenic
microarganivms, Incvbalion emperatures should nclude al
lenst 30°C, 350 and 4270, along with Secobi. ansrobiy

pagncie, aod microsero philic conditions, Most routine aerobli

howiiriely of atmosnheric conditions and Beubition

cubtures stiould be moubated gt 35" 10 379 In oo humid wt
mesphere of 3% to 7% (0. e tesnperature, OO conjenl
and huidiny sbiould be monlieesd daily, The OO0 conteni (s

mssured withea gaiupe corpalning fvriie |£howmn
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3-E9 The temperabore, Runmidity, and ilmosplere niast by 2-30 Modia shoukd be ndubated os siion as pdsaible after
revorded daily Iocnbitkomn. As shown hore, inocoialod media ks SErTaNged 1
an opderly meener o minimize eoroes end sald contaming

LIl

2-31 reveduced anaerobee plalex can e teeld 0 am anegr-
M frobdiEg Jor o s sior e bedore agnd aiier oyt han

3-33 The GasPak nnoeroble jarsysiem (Becton DHekinssn
-3 An brperobil! abmasgehers can olso Be crellid Inoan Wlerobidopy Systemd, Cockeysyville Md b eontetns & hydrogen
inaerahbe poteh thnt holds only tao plides or In an eniesobi ind OO penenitor crvelope. n disposnble methebene blue ndis

ar bor three or more plale cutor, andd 6 cotalvsy busket inthe 1id



Speetmen Provessing 2%

|I

_ |

S-34 The CeciPak woerobbe pencly [Bocton Eokinson M B-38 For recovery of Campnypdodecfarsp.. o miberosoropllll
roblology Svatems. Cockeymdlle, Md. b 1z boased on the some nimosphere can aban be created Inoopoachoor o far

princinle, The bag iz pxyven mpermeable, and the sydem don

fains s o giepeneridiog ki end codd catalysd

S-38 Hooovery of some Gsiidloos mloroorganians the, 3-37F The technobmgis ks phscng o Bood culliire battle o
Hurdeiello periusyis, Selsaeriu ponorehoves) requires @om he BACTEC 9240 Flunrescent aulomrutad Blood culluee sys-

riserophiille mesphere (decnessod O that can be created eani (Becion  TRckinson  THeagnost Instrument  Syelems,

e Biirndie o candle in [T | jnr s M b Ench bodtle b entersd nto m el of (he Ineubsitor
and mwinktered every 10 minies by 5 photooel] feedhack sy

SOE R I SO LT
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B-38 | helechnologi s plocing o Bloedd ovliore bobile ingo B-AB | Nrocl amears should be methinnk-Hved and solaed
ihe FSP Instranient {Difco Labormtordes, Detroit, Mich, ) A i S0 ey posddbde aller the slide ts prepartd and deied
conboetor B placed ool the lop ol e Bolile belore inci bi-

teds. Ench botlle & enterad into b cell ol Lhe incobatos mnd

mecriiored every LU minpies by o pressomn paLge interladed o

A Lortigmaler

B-40 Sialpesl spsisies Shoaild e pesd lioebesdisidely alie B-41  Speciew processbng shiould als echele o virbels
sfaliting. Abmarmal fesulis mign be tdlephored inomedlocely rapll dfireet sl thal can dxstst the plysiclan with the pa
i g phwvsbclan: the daie and Bme of the coll must be docn thmt s dingrosic. Exampies inciede direct antigen ests snch
mctilad. The tvpe of urgent resuls thit cenuine & verhal repir i 1 erypltococcal anikaen inlex agahrtimation 1e8 showmn he
okl be Fesiedd i the procedure manal



CHAPTER 4 Gram Stain

he Griim stuin is used Lo clussify microorganisms on the basis of their Gram

staining characteristics, size, shape, and arrangement of cells, It is ane of the
few tests in clinical microbiclogy that can assist in the mipid, presumptive diagno-
sis of an infectious disease. It is also used to assess the gquality of the clinical spec-
imen based on the somatic cellular content. Bacterin and fungt stain gram-positive,
gram-negative, or gram-variable. The gram-variable appearance can be due to over-
or under-decolorization. age ol the microorganism. inlluence ol antimicrobial treat-
ment and other factors. The staining reaction is dependent on the microbial cell wall
composition, The tightly cross-linked peptidoglycan layer and the teichoic acid
found in gram-positive microorganisms cause them to be resistant to acetone-alco-
hol decolorization. They retain the erystal violet stain and are purple in color. The
lipopalysaccharide-rich cell wall of gram-negative microorganisms is disrupted by
acetone-alcohol and the crystal vielet leaks out of the less tightly cross-linked cell
wall structure. The safranin counter stain can then be seen, rendéring gram-nega-
tive organisms pink in color.

The size of most bacteria ranges from a large cell (10pm to 30um in length)
to a small cell (1pm to 3pm in length). The shapes of bacteria are usually described
as coceal, bacillary, or coccobacillary, and the arrangements as pairs, clusters,
chains. branching. iamentous or corynelorm. Yeast can be seen us single cells.
often with budding and/or hyphal filaments. Microorganisms may be seen intra-
cellularly within somatic cells. Staining characteristics of individual bacterial cells
include bipolar, beaded and irregular. Ends may appear rounded. pointed. flattened.
or swollen. Microorganisms other than bacteria and yeast observed in Gram stalns,
although they are better characterized with other stains, are Trichomonas tropho-
goites, Pneumocystis carinii cysts, Toxoplasma gondil trophozoites, and Strongilofdes
larvae,

Somatic cells can also be seen In a Gram stain, best observed with methanol-
lixed smears as shown here, White blood cells (WBC) and epithelial cells tend to
stain a pink color whereas red blood cells (RBC) appear tan to bull colored. The
presence and rough quantitation of somatic cells should be noted when interpret-
ing a Gram stain.

Gram stains should be examined under low power magnitication (10X
objective} for the quality of overall staining, the thickness, and for evaluation of
somatic cells; microorganisms should be observed under oil immersion (100 %
objectivel.

25



26 Color Atlas of Diignosele Microbiology

a1 Polymorphoiuciear leukooyts (PN aod graom-puose- a-2 PMN cedd blood cells (REC). and gram-positive cocci in
tivi! luncel -shaped diplococc] aijgestive of Stefptocoorus ey paln.

monfae (% 1250). The clear arca surrounding the bacteriul

cells issugpestive of 4 capsale, A rapid direst bacierial antigen

test ey he perfarmed on the clinlesl specimen o conllrm the

organizm dentification.

o} ~
&-3 Gram-positive cocd in chains resembling strepiococe] 8- Graum-positive coccl in pairs, tetrads. and chisters re-
(% 12500, semmbling staphylococc (%1 2540

I

A-8 HBC and gram-positive coccl n tetrads (€ 1250), Coeed @-8 Intracellular. unevenly stadned, pleomorphie, rosnd.
are somewhal large. recjular, and vary tn siee suggestive of  and gramevariable cocct { % 12500 In such cases, the gram-
coapulase-tegative staphyiococel, Aeroraceus, or Stomaiocac-  variable appearance miy be due to phagocytosis and partial
Ll Spp. Saphyiovoceus aurens cells wre uniform in siee and ap- dlegradation of the microcrganisms by the FMN,

pear s clusters of small cocd (= 1em in diametert,



-

M ..

&7 RBC ard gram-positive coccd In pairs, short and long
chitlns, el clusters suggestive of mixed staphvlococct and
sirepliooee] (21 2500

40 Vaginal squamous cpithelinl cells with medium
drilphl gram-positive gram- varinble bacill with roassdod or
bhent ends, some o chalos, suggestive ol Inctobacdll
1250 Clear background und sharp epithelind cell edpes
iyl of pattern seen with normal vaginal secrenions

a-11 PN and lerge grom-pesitive bacllll (% 12500, There
ppenr 1o be v bacilll thatl are frreguliar 10 shape Gind stakn-
Ing. ghving the appearance of ciec| (o chaing, The bedaded ap-
pearance may be due 10 the presence of spores, partinl dipey-
b by the PMN, or because the structure 50 small piece of
langal hyphac. which stains unevenly with the Gram stain,

Giriiet Meelep 27

-8 RBC and small to mediom gram-positive bacitll with
palisading and angular arrangemenis = | 2301 Some appear
coccobacillary, diphtheroidiike, und pleomorphic. which 1s
suggestive of coryuebacteriis or Listeria onoogrogpens,

8-90 Disintegmied WHC and pleomerphic large gram-pos-
five bocilll resembling Clostridivm perfringens or, rarely, Bail-
lugsppo= 12504

z 1™ r L . oy o
T
E‘ " = S b ;:,.s, .a" ':.,. . AT L
L] e X LT "'H'
: ¥ -

A-18 Large. prom-variable bocdlll with swollen ends
(X 12500). Some cells apper oy drumsicks. suggestive of
(ot e Gefund,
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8-13 I'MN and long thin, beaded. brunching. unevenly
stained gram-positive flaments suggestive of Actimongues or
Mocarda spp. (X 1250). The genus may be confinmed with a
modilied (partial) acid-fast stain. Novardia spp, are partially
actd-last.

a-14 Hraoching. lilamentous, slender gram-postihe bacill
Il obtained from an seroblc colony, this morphology i sugges-
Live of (erskonviaspp, (% 12300, From aoobarny of g strict anserc
obe, Uhils morphology suggests Claztridim spp,

-18  Oerskovie spp. ragment nto coceoid formis alter pro-
longed incubation (X 1250},




Corrnd Sterlin 2q

Gram-Negative Microorganisms

Gram-negative microgrganisms can appear as coccl, coccobacilli, and bacilll. Cocei
can appear as singles, in pairs with lattened adjacent sides, and in clusters, Coc-
cobacilli are usually small to medium in size. Bacilll can vary in appearance from
small, faintly staining rods to large. plump rods with bipolar staining.

4-18 REC and gram-negative cocdl i singhes and pairs
The adjnscent skdes of the diplococcl appear Battened (12500
This microorganisin is Nelscerls mesimgltidic sinined feom o
hlcod culture broth,

a-18  HBC ind small gram- negative cocoobacilli in clusters
% 13500 This microorganism, stidned fvom e blood culture
broth, was identified ns Brinelia spn

447 Urethral discharge with PMN and intracellular gram-
negative diplococel  suggestive of  Nelsserin  gonorrhorue
(x1250)

e ®

.‘
‘.
1* .'l
-

i

-

{

;
s°* &

4-19 RAC and gram-negative coccobacilli in pairs subse-
quently identificd as Actietobacter spp, in u blood culture broth
{1 2505, The morphology resembles Nefssert spp. i can be
cfisily misinterpreted as gram-negative diplococel. The HACER
group of fastidious gram-negative bacilli (Hiamophilis. Acti-
nobacillus, Cardobacterivn, Ekenella, and Klngelle). often de-
tected ax agenis of endocarditis, can also uppear ns small coe-
cobacill,
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L™

4-20 KRB and plump grem-negative bacilli with bipolar ~ &-21  REC and long grom-négative bacilll with rounded
stalnling ln a blowd colture broth. suggestive of “coliforms,” ends suggestive of Proteis or Prrudomonrs spp. (212500 in a
Bedomyging o the Emteroboctoriaoone (12500, The ghort. thick.  Bood culturs broth.

bascilll are characteristic of Fsefericlia coli.

- .
[ i -

a-28 Moy difforentinted PMN and slender pleomorplie 4-23 LExtremely pleomorphie, variably staming gram-ueg-
gram-negitive kil suggestne of Haemophilis spp, or anaer- ative bacilll with peinted ends supgestive of Frsobarteriom spp.
obes | % 12500, i 1 2500},

e

Qs

a-24 A, PMN. RBC, ond shightly curved, commarshaped, gull-wing, and S-shaped microorganiems suggest Cenmgetlohaoger
sppe i % 12500, B, Wright's stain of Borrelie sp. seen in o peripheral blood smear 0 12300, These helical bacters measure -
procimately 0,3 wm in dismeter and up to 15 men i bength with up 1o 10 loose colls

w b
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Yeast

Yeast cells are larger than bacteria, usually ranging from 8 to 15 um in size. They
can appear as single cells with buds. in clusters: and with hyphal [laments. Stain-
ing of cells can be somewhat speckled rather than confluent.

a-28 Round budding yee ool with single blistoconidi
amd speckled, uneven gtalning surcounded by clear halos:  @-28 Oval budding voast colls and an irvegulicly stained
stain ¢xcludist by the polyswcharide eapsule) suppestive of  pecudolvphal filiment suggestive of Candidiapp. | % 12500,
Crigplinocctor spp (=1 25000

a-F lnevenly stolned 3 to 4 pm width nondemetinesons
byphica with paralled walls ond 4 3% hranching and seplotions
areetive of Asperglilag spp, (30 2500,




CHAPTER 5 Micrococcaceae

hree genery of the family Micrococcacene have been associated with infections

in humans: Staphylococeus, Micrococens, and Stontwiococeus. OF these, Staphiy-
lococeus spp. are by for the most common ¢ause of human infections. Both Micra-
cocctts and Stomatococeus spp. can be found in the environment, as normal fora of
the skin-and respiratory tract, and as puthogens assoclated with catheter tips and
other hardware,

*
Lt

8-1 Oram ataln showing RECs s grm-posinve comecl 5-2 Colonios of Staphylococcus aAursus on
in pairs. tetrads, and grapelibe Clostendsupgestive of Mivroee 5% sheep blood agar. 1ypical appearance ol X gureis
ey |3 1 250U T Uik e, Uie microsrgnnisms are-stapby- eoddownbes ks crenmy /bl colored colonies surroundad by a gone
Thl el of eamplete P hemnlesis

B-3 A, Colonias of coagulases-negative staphylocooci on 5% sheep blood agar. Tiploa colonies
o congulase-negative staphyiococel are sonlicmobtic and while, B, Colonlos of Microcococus BEpp. on 5%
sheep blood agar. Typlcal colonies of Micraoious appesr lemen-ellivg M rvmens spp. ustally grow more showly than
St ncCl, Soeetimes regquiring +8 hours of incubation bebme coliaie are vidbie

32
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8.4 Gram atain of Microcoocus species. -
croscopically, micrococc are larger thiin staphylocoss and
appear in letrads cathier (han grapolike closteess [ * 12500

c—

B-8 Formentation of glucose & oneof the meth-
s ssd to dillerentiabe Sapinpoceocies spp, omn Microrooous
gre When growin in sn oxidation-fermentaiion (OF) mwediuim.
staphylovocd procloce ackd (pellow orlor) lrom ghoooese ander
anueerohle conditions. crentod by lnvering mineral odl over the
surface of 1he agar (fube ot the k). The microorgzmilsm ko
utilizes ghiscose serabbeally (rmbhe on the rigin

B-8 Cotolowe towt. |[he es B perioomed by adling

5 Iovekromsesn peroacilie (H 20060 o a coloany on agloss slide or by
nedding obooy peisio on o vooden stick Loa drogof 05 ona
slide. s shown bere. The ippeamanoe of bubbles Indicates that
the eozyane, catolase, has hpdoobveed HL05 inla oxygen plas
waler. Staphylococei and micracocci are differentiated from
other agroblc gram-positive cooct by a positive calalaze tesl
i Fighi b Mo bubkdes appear o a negalive el cesalt elth,

l I

5-F Glvoose oxidation n OF medium. Moo
porvns spp, vxdiee gliscose (riphd, iellow colew @ U ogaen Gishe),
bl do pot-Tecmenl the carbobivdrate (L. no color ouinge
Jgreen ] In the ovrrhaid fub ), The achd reactlon produeced by ox-
idatbve orgainisms appears ot the surface and gradually ex
Lpnncls Ehiroaag hand ke myedinem
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5-8 Bacitrocin susceptibility test. “uwcenibl]
ty to (0 onits of the antibiotic bacitracin b alo wsed o
dillerenilabe Staphetacocens spo. bom Mirrsooizas i, The site
e of W Moeier-1inton apar phate & inooutnted with the mi
croorgankm, the dBk s applicd. and the plate B incubated

LEL g A BT ."'-l.:|||:".'l:h. WO IEre resistant 1o DS an :thl;_',;ln_."_.l_

(=ivie of bnhibitlon lexs then o equal 109 nam, o o0 e
rigdi i nnd microens: are stvsce phibds Czomes o) [ndlbbidon grisenis

{Fuci o erual 1o [0 imma, argamsar oo e el

53-8 3Slide coagulase test parformed on o
alass slide. Ul ivm o lockh colbny are ol bnta
siling b muike a smiooth suspension (b el & depp of rehbi
phacatia i added. I the organdsm possissses botind coagulase
{“clumping fucter™), the eneyme acts on fibrinogen in the
e amd caises clinrping of the bacteriin, o8 showen on the

4 _\,'.'\: ot 15 e el o TN O |'|||lrf- 1 g ||'_,L' Cali-

B pionsbl ive, primm-naostiie cnecd, ond 18 casily erliated
froem other stapt vl by '|I.'-1'.=5.!I... e fesl, Coapuabiog i
thermoslnble enevine fownd prmanty i 5 aeess, There sire

Py formes O coalzulise; boatingd aind lree

5-10 The tube coagulase tewt Jole s e coagu
b, Alicroirgamibas are incubated in plasma for 2 o 4 holirs,
anel the lubes ore urne! on Leelr sides, as shanwn bete Free
cosgulise aols on prethrombin aod Tscinogen oo rabbil

plasma aand forms o Bk chot (5ehe o the i)

i Ziom e T2

3
3
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S5-11 Mannitol salt sgare. A, \anoie! sily agar dif
lerentistes 5 merens Erops o her cat elisse-posatnve Erai-pesiiive
el The medium contilne 7.3'% Noll which inhilbls the
griswth ol iy microorginksims. 5. aserus will grose and fer-
rmenet feulores | Dol resuidibng o actd production. whick cianees the
plhvsrind resd tndieidor (o chanipe from pink (o vellow onoemtl o
righi haedf of this platey, The loft hall of the apar pinte was inoc-
tbaled with . cougulase-negative doaphviocoecl. Congulize-
meprtive staphylococst will grow 'on the medivem, bt because
the crganks does nol lermenl manmitol, the phenal red indi-
cutor gocs nol changy in ¢alor, and the colantes nnd sar-
roprding medsam appoar plok, By Colonees of Stphukyocons
Anre on mannitol sall agar (chose-up k- Medium surmounding
colomies. Hinw tarned yolling &, Opiciae, <hiny, yelliw colimis
ol Slapligboroocis aineny on mannitol salt azar | cless-op),

S-12 Antimicrobinl susceptibility testing of S5.13 Oxacillin screen plate. “cecng o plate

8. auvrowrs. Most ooy -aogubned strales of 5, sureus containing & ppml oxacillin in 4% Nall-supplemented

e resistant W penicliling Miueller Hinton agar, waed to deteot met Bieillin Cand oxocilling
resstant 5 aiorvas (AMRSA L Oxacillls b= osed heooose | s o bl
b anndecidod andibiolbe. Ceuadly Leal oocurmed wer 2P
incubation al 1570 fooim o sped of an oculiom of MBREA |
sivovret o Lhet bogr s the lsck of grossth ol s metldelllin-sos-
cepditde A merees aonn e bodlom
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cus saprophyticus on 5% aheap blood agaor.
Colonies resemble those of coagulise-negathve stisphvloences,

5-15 Movoblocin susceptibility test, uiwd o
diflerentite S spprogpiuplions {resistal mcroerginism o Lhe
right’ Do other specics o ooagibse-regnlive staplyiocood
sserptile; microorganism on the foft) encountersd in urine
specimiens,



CHAPTER 6 Streptococcaceae

he Family Streptococenceae and related genera Include nine geners encountered

in the clinical laboratory: Aerocorcus, Aloiococeus, Enterococcirs, Gemelia, Glabi-
cateltn, Lactovovcus, Lenconstor, Pediococens. and Streptococeus, 'The more commauonly
isolined genera are illustrated here, The streptococe are calalase-negative. gram-
positive. coccoid 1o coccobacillary in morphology, forming pairs and chains. Colo-
nial morphology and hemolysts on 5% sheep bloed agar are very helplul charac-
teristics used for preliminary identification. Hemolysis is classified as alpha, bota, or
LEATiaI e

-1 Alpha homolysis on 5% sheep blood 6-2 Colony of alpha-hemolytic sitropto-

agar plote. Alphn hemobsis & an ndistine sone o jar- epoal [=10). Mersoopic view ol alphue-biem slysis shey
thal tysis of red blood cells (RIC) causing a green to greenbsh inig the partialhy hemolized RBC e dustely strmounding the
Do dise "I-'r-i'“"" of ”h: ]'.l]l'.'l!ll..l'h T el .:||_'|_'| 1T II-_||:|||:I|F: ikl ey

the colony: Vieidans streprococcal colonies aisd fcammecnecal
colonies are alphnbemalic

%

-
-

£-3 Beta hemolysis on 5% shoop blood G-a Colony of beta-hemolytio streptococei
agar plate. \Yith beta hemolysis. there bcomplete lyvisof [« 140). Microscuple view of betir hemabsis showing the
REC surrounding the coloay that can readily be seen macro- clegr, colorbiss gone arouind the steeptiscoecal colonles 10
scomcnlly; wldch the RBC have underpone complete destruction,

57
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8-8 Caolony of nonhamolytie streptococe]
8-5 Gamma hemolyals on 5% sheep blood .. 40). Mucroscopically, there s no apparent hemolvike e
agar. Gammid o term ased todenote ek of hemolbess the

tivity or dizceloration produced by the colany
A subrrouniding the colosies ere intacl

e R 2
. - J

] L -t |

8-7 Gram stain of streptococal in broath
culture | <1250). Cram stain of a posstive blood clliure
Protly demonsirating gram-positive cocv armanged in chalns.
Strepliciodd dre pommal micridhiedn in thas opper respleatory
triict and the gastrolntessinal (mcl. For (ks reason, Grein
stainsal spectmens foom hese sltes and nol helplol i Qugnoos
ing infections cnusiad by the paihogenk: sireplocoocl, sachh os
5 Jp s wnd & BREN T LT

B-8 Colonies of group A strepiococci on
5% sheep blood agar. Colonics of group A sizeplo-
eoccl oo 5% sheep Blood agar are sooll and surmunced in
whil o ol bela lwesniby s
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6-8 A,Colonies of group A streptococcl on 5% sheep blood agar (/eff) and Streptococcun
solective agor (SSA) (Fght), o primary sclective solation medium bor group A streptococe | CObserye thit the colonies
oft 1he S5A gne-smaller a5 con e soen on the plate on the righl iroups O, E gnd G ocan ulso be Bolaied from
the upper resplratory tract, and their colonies can be conlused with group A streptoconct I 5% sheep blood agar is used.
Inoculation of a sclective medinm such as this, containing sulfamethosseole (23.75 pg/ml) and trimethopeim (125 pgfml),
mnnibis the growth of nengroup A betahenmolyic sireptococe as well as aaphylococel, virduns streplococd, and gram-negative
bacllll B, Colonles of Streptococcus pyogenss on 5% sheep blood agar, (olonies are small (1 mm ).
Iraslucenl, and surroiimded by o wide wine of bein hemolisis,

6-10 PYR test. The presence ol an aminopeptidise en-
rvme that degrades the subsirate PYR (L-pyrrolidoay]-g-
naphthylamide) b o 10-minate presumgtive fest Gor group A
streplotoec (bota-hemolvi | and Adracorces. Frierocooems.
asid Letniei Lalplis- or nonhemalytbel A posttive test i mdi
carbed by o pes Canbor Cabbek v Ehe Figlir ).

B8-11 Bacitracin susceptibility test. The bac-
tracin strsceplibifity test & an alternative to the PYR test for
ihe presumptive identitication of group A beta-hemolytle
streptococch. A UL bacitricin disk s plasced o0 an Inocu

lum- ¢f the microorganmm oo sheep blood ager Aller
overnight moubation st 3570, any soe of inhibitien s inter-
preted as e posithve test, and the mbcroorpanism s presump:
Lively idestilied as group A sreptocons by bacitracin
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B-12 Oram ataln of vaginal sscretions :how-
ing epathelial cells and gram-positive coccl in pairs, sugeestive
of streplococe (3 L2500, Group B stroptococcy. 5. anol thne,
can cobmize the genilurinary tmeh of women, eccasionally
eriprikelng wnd nlectbng the ranate ol deftvery and therdiore
is the muijir cose of neonminl sepsis ond meningits, Moo
scophenlly, this specios nmaally oceurs in pakes. s shown i this
flgure

_—

Q

GB-14 Hippurate hydralysis test. (roup i srepio-
soccl and some enteracace] cnn hvdralves sodium hippurate,
resiiliing in the formation of ghycing and sadium benzoate. A
suspenson of the microorgansm 8 incubaied for 2 hours at
F3"C in a hippucate solution and then the indicalor. ninb-
ddein, Boadides], Deamiination of ghoine i i presenl. ix de-
tected by the developmend of o parple color within 10 mingtes
{iieke ort thd deft). A oepaitlve reaction [ nbe o the night | revnalns

Cinlonp o

6-13 Colonias of group B sitrepilocoool on
5% shoap blood agar |=10). Croup B sirepiocneeal
coboniicsmre lieger than other betii-hemalvtic stréploceec,
but the hemolvte rone surrounding the colony 1= smaller;
comnpare wae sie of bela homolysis with Flgure 6-5. 00
8K L.

B-15 CAMP Tewt. A positive CANT et for group B strep-
ool demonstrating the armowhead-shiped enhapcement
of beta hemohedis that occurs when the hemohvtic beta-toxin
procluced by 5 awran (the microorganizm streaked horgon
tally scross the sheep blood dgar plale in this photograph) scts
syiergistcally with the CAMP factor protem produced by
Croup H stneplococc tstreaked perpendicular o the staphny o
coceus but not guite tooching), The CAME west. which Is
pranrnend for [l dioomverers, Cloristie; Ak, and AMuooeh-Peler
soopi, B ahbermaeie to hppueoste hadoolvsds
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B-18 OGram stain of respiratory secretions
demonstraling wram-positive, lancet-shaped Jiplocoscer sug-
gestive ol AErepahod 0T B priv L

B-1F A, Colonies of Streplococcus prsumo-
nise on 5% sheap blood agar. [icsc voung
colonkes are rotnd with oomplete odges, smmewhat mudisd,
wined iboud 1 e i dlameter. They are sarmoonidad by o zone of
lilpha bemalyds B, Colonleas of Streplocoocous
proumonlas on 8% shoop blood agar. [
slightly abder Colonks divpluy the centrul indenditlon caused
v the casily madoced autolysts ivpieal of A poemmoniee. O,
Colonlins of Streplfococcus pneumonine on
5% mshaap blood ager. (lecasionnliy, 5 pocumanse
enonkes miy simphy fintien min fs they apge
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B-18 A, Colonies of Sirepiococcus pneumoniae on choocolate agar. LMallum aos incubiisd n oo, e
silting i Bairly large sones of alpha hemolyilz, B, Colonies of Streplococous pneumonine on chooolate
agar (close-up). Uoionkes are guibe al oo chooelaty aga

B-18 Optoochin susceptibility test. Colones of
Streplocoocus privinantar dre inhibited by the antimicrabic op-
tochin (ethylhydrocupréine hvdrochlonide) contiuined n the
piiper dizk applied ta the surfice of an inoculated 5% sheep
hlowsd ague plite. A 2onc of greater than or egual to 14 mum in
iinmeter Is presumptive identifbcation for Sirepiococas ek
maniae. Sogone of inhibtion bs coosistent with vicidans sLEp-
Tociort. oy of s than 1 4-mo in dlameter are guestian:
iple dnd should be conbiomed with the bile solability tesi

8-20 A, Bile solubliity test. Stropoo s prewmoniue colomies will dieaslve or Ivee within 10 minotes o0 35°C in the
presence of 25 sediue desoovcholase A drinp of the risagent is opplied dirocthy 10 thie colonbes. which dissalve dphare o1 e ol il
e prganizan s Sirepiocooois piacmmesiee, Colonbes oo Che oo agar plate o the el ol overlmed with bile, remuin s, n-
dicsiting thit the lsolate B oot Stoptocod us preumonios. 3, Blle solubllity test (close-wp). VIreplo o e
cideniies have dbsnlved I the bile sdded ta the plive sorfnce. After the bibke has svaporated, onby the zome of hemalveis remmabin, as
slivavn Do
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G-22 Gram stain of a virldana streptocooc-
cun specias in blood culturs broth [«1250).
There are pumeios species of Lhe vicsCans streplocioco
grorpy whivh are pormil mucosal macrobada in mammals

1 ; y Eagd i
Irdy it Tewe megudre dentifbcathon o the species evel, such as &

8-21 Antimicrobisl susceptibility testing of Wi Microscopically. they usuilly appear in long chais. e
St I s prie Imw. SLreprivoccus prems- peciadly wihen recovered lrom o blood calisee brodds mediam
rihae G b lested For penbcillin resistance usiivg a 110 wmid peni
moelisk, B 1 ojdp ossiciblin disk or quanbitetivety vl the £
el (AR Rllisg, Solise, Swonke b consstitgg of @ et steig
mpregnited with increasing cemcentrations of the antiiviotle
b this cose, penbciliing. Fellowing owenight newbalon, the
sobint ml which the ellipticsl zgorse of Inhdbikon of erowth of the
adinte |ntersectt the gunatitathe ook on the sidp s inter
preted a5 the minimal inhibitory concentrtion (A0

o LONE PRl SBE BE Bom DV S e M R
ﬂr—1z‘§ e L e : =" :i - "P—.:

i W ki

8-24 idenilfication of virkkdans streplococci
wilth convenilional blochemical reactions. el
e Bentifcatbon reguibies several subsinites nclud|ng bile cs
culln, arglivine decarbomoyjose, 6,5 NatL loctosy, mannitol,

6-23 Optochin suscoptibliby test poronmned on ralfloose, sorbitol, prabimse. Inubn, suacrose, amd esoulbn

o spechies of viridans streplococe, Calandes of vicldans sireplo sl drered. EMber charmclertslios such b uroise, Vopes
cocel are reskstant 1o oplochin, distinguishing these com Proskaer renciionn, bile fresolubdliy, oplochio rises danee. and
maoniy encountored organisms Trom Streptoroets poveori Fruthore tow gooy ik 1 OPE s 4550, will help to ddentify the clin

ishowe in Fieare B=1%9 leally signitcant olnbes
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8-28 Colonles of Podiccocous spp. on 5%
shooep blood agaor. Madlooor i spp reembde vickdins
dreptociel i thelr colonlal mophelogy, bul mdoroscopbeally
Uiy ppeainr oo paldes, betrmids, aeed clisstees: They sy be disiin-
guishod from other alpho-hemalviic microorgantems tw their
resdstance lo vandorycln (30 pg diskl (dor Figure H-206) and
growvth i k5% Mol broth. They arcalso bile cseulin-positive,
et Y R-nepadive

8-268 WVancomycin susceptibility test. (oo
cuyapp. e dstinguished [nom other alphs-hemolytic sopan.
ferris B e pesdslaneeE Lo vamneoemmve L. There oo 2one ol i

nkblpiom Serrpunding the vaocomycin dbsk placed on an
Inacuhiem of Peffocares spp (rpht sldo of plete i compared 100
ponte of Inhibiicon surronmding (he vicidnns streptocooeagi
shale of plar

8.-27 HNonhamalytic colonies on 5% shesp
bload agar plate. |n the Gamily Sogde o e, e
nothenilyiic organisan nclude the Eiberooesois spp.. soae

shrains of virkdans sirepioroect, Batorooris spp, mno L

i ST

B8-28 Bile osculln slart. S retooooois sl aied e
entervcocct cin grow in e presence of $0% bile and can hy
il Ly sy ilen ey iescvedet o Esdu bt amad Feorle od rasbe Jodm b
bk commpdew (n the qggnr. which contalns 400 oxgall. A beg-
it st peaaines Lo coloped (o color chamee ) compared Lo
tlack cltloeed sl { posgiive slhiowen bored
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B-28 Colonles of Entorococous spp. on 5%
sheep blood agar plate. The colonles are rolacd
winte Lo gray- while, moge om €13 to 1.8 mom 0 size. ond nee
usaslilly monhemodytic

B-30 Bile ssculin slant and 8.5% MNaCi
broth. | ho bl esoulio st def G Mack [pesiie), ndicm

ing thal the mbcroorgansm can ghow in the presemee of bk
and hvdrolvze esculin. Growth In a beoth contkning & sali
conceniration af 6.5% (b o cighe B inaliented by peebidity
and a change in the ndlentor from plok o yellow following
overnlgll culsailon. The roactiong shown here confiom the
ibentibeation of Emterococctts spp. A positive PYR 1ost | Figure
Fie 100D intiny dnbecn b s 1o corfirm the dentifientbon of sys-
pisiisd Fofemeancus spp, Soaenierooseeal group D strepios
ciw'e] 15 held) ee anakhle fo grow lecthe presence of 6,35

Marll Broily

B8-31 Colonies of Leuconosioo spp. on 5%
sheap blood agar plate. niiully (he colonks ream
tle Enterocovcs spp, as described in Figure 6-29, Upon contin
ued incubad b (48 o 7 2 bours). a weak alpla hemaobeds des
vednfr, Gerierally, thexe imbcroomsnisms can be distinguthed
i Enteragcior s spp by theie resdstanee 1o vioeoimein and
by s Foermmuant b Irenm ghoeose i Eactobaeill MRS beoth (Dife

| abvrrauiairies, Dietrodl, Mich o



CHAPTER 7 Aerobic Gram-Positive Bacilli

and Actinomyces spp.

ommon genera of aeroblc gram-positive bacilli include Bacillus, Eorymel-
terivnt, Erysipeiothrix, Gardnerelle (grim-viriable), Lactobacillus, and Listerfa,
Rare clinical isolates Include species of Arcanebacterium. Ovrskovin, and Rhodococcus.
Adso included in this section are Nocardin and Streptompces. genera containing fila-
mentous, branching, gram-positive bactlli,

Preliminary differentiation among these venera is based on microscople morphol-
ogy and the catalase reaction. Bacillus spp.. Corgmebacterium spp.. Listeria, Ovrskovia,
and Rhodovoceus spp. are catalase-positive. OF these, Bacillus spp. Is the only spore
tormer. More examples of the microscople morphologles of the gram-positive bacilli

are presented in the Gram stain section.

-1 Gram stain of Baciius spp. large gram-
posithve hadlll with sqimeed-of 1 end measuring 0.8 % 7.5
jum. ocrurring singly and in chatns (12500, They may ap-
pear genm-viarinble, Some speckcs demonstrate cndospores,
which may be lochted centrally or berminalby sheang the bacilli.
The microscopic mGephalogy my revemible that of Clostrids

A s

7-2 Colonles of Bacillus spp. on 8% shoop
blood agar. |olonies ol HacfMuy spbeiiis are seootls. romsiid,
wind surrounded by aone of bela hermobras Oalorles can also
ippear rough wnd dry witl shapgey edges

4



F-3 Colonios of Bacillus spp. on 5% sheep
blood mgor. Somespecies of [hecifTues are nonhemaobytic
wiih mueodd and speending colonbes resembling Uhe Eiple -
Feraicese mnd Preiakwnosiss spp. Colonlesof Baclles aeifinnds,
the major b palhogen, are usually nonhemolytic. This
figure shows an enviconmental Becillus sp ot rorely eniaes
human infectiogs

70 Galatin hydrolysis test. Many Begillus spp, se
crete profeolytic enrpmes thit can hedrodyze gelatln, In the
sctbod shiowwm b thes Bgrice, exposed, wondevelopes] x-rioy il
b usced s the substrate for detection of gelatingse activity. Hy
drobveis destrows the file's gelatin coating, leaving only the
chear photographic flm whers the strip was immersed in the
gk suspenshion

Aerabic Grarm-Posithee Bucilll il Actinemyoes spp 47

7=-4 QGrowth of Bociilus spp. on agg yolk agar.
Resction ot ept velk ogar I one 6f the charaeteriaties used o
denilly Hacillux spgs. Butllius covens bs one of many species that
prodiwe the envme lecithinase, demonsteated by g zooe of
opacity (whitish color in the agar) extending away [fom the
bacterial growth, as shown on the Jefl, Lipase aciivity ci albso
be detected on epg yolk agar, denotistrated by an olly looking
sheen on the surface of the bacterial grovwth bul not extending
oo Lhve amgir, s shvoern on Lhe righit

-8 Colonles of Listerin monocylogonss an
5% sheop blood agor. Colnnles of Lideris monsgio.
prere r e sanall ifow than T mm in dinmeters, smoath, irregu-
Jar: o fromsliecenr. Thie eolonles are surroonsded by g weny
ehnracierkilc narmew 2ons o hetn hemaobests on 5% shesp
Belisni dxgianr s ey e confisesd writh gronp B beta-bemsodytic
SLre prhoeocl |P"Il|‘:|'|'|1:u|.|||||H charactersiey, inchade Liderhn
nurrow 2ome of betn hemolrsks, positive colalase productnn,
and growth on bile nnd bvdrobysis of esculin, Both species hy

drolyie hipourate,
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-8 Oram stain of Corynebocterium sSpp.
(= 1RO} Smdill grom-positive hacllli oppearing in palisades
Y, and L forms redembling Chinese letters. Mot of the
Corynelincteriam spp. wolated w the clinical lsboratory are
normal o of the skin and mucous meialeanes. 1t s difticulr
1o differentiuile the noigaihopenic species from the patho-

peabe O diplherie ] O [rikelon, on the basis gl the Gram
LLEIH

7-7 Esculin hydrolysis testl. Mo strins ol Lisiirg
vy et can Dol esvulin in bess than 2 hours: This
phatagraph shows positive roactions lor bile csculin b am
bt} mned hippursile (g, Thame tests are desdribed in Figgure
f=14d on 400 and Figune - 25 on g 44

7-8 Colonles of C. [elksium on 5% shaop
blood agar. Uolomnes are smooth and whitish fllowing
overnlght Inculsation in 5% to 10 Uy, This specles: can
cuuise Ble-threalening sipsis.

7-10 Colonus of C. diphtherise on 5% aheep
blood agar. {oruichadterie dightberlae grow well on 5%
sheep oo dgiar s whitlsh. cogegiee colonbcs
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711 Colonies of C. diphiherise on Tinedale
mgar. A selective mediog should be wsed along with sheep
bocd fpar whisever Corgniebac teriiom diphtieiee bs sospectiod
as well as 1o differentisite . diphtherir from other corynehar
terki. U the slective mediumm cvstine Wellurite dghr or polas-
s tellurde {Tinsdale | agar, e colonies of Corgmebariorum
diphiferioe have o guometal, prav-black apiearsnoe

b e B T B e dg e Lt DT
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7«13 Colonies of Corpnebacierium spp. Some
Corinebai terimm spp. (often called diphtlerokds ) appear. as
acmhemobtic; ermvwhible, sl colonies and con ensty b
eonhised with eblanles of strepincaccl, espacially when o
lated from the réspiralory Imicl. Some fpeces Dpocar white
g opagoe ressmbling coagulise-negsive staphyboomsco

7-12 Loetfler methylene blue stain. (. dplitie e
demmpmsirate mwtar ot granules when saloed with &
thier Lowdther ma thlene bhue staln or Nelsser stain, Thestain
bt performed on colanies grown on a Losiiler agar dant
etachromatie déeposits are reddizh porple In Loeliler metn-
ene blue siain

F-14 Oram stain of Lagtobacillus spp. in vagl-
nal secretions. Lactobiiulis spp. appear 32 long. non-
spIre-Tormeing gram-prsitive tacilll, They may alsa appear as
shizrt o pleamarphie cocvobacill. When they appest mibero-
sl sim eoceohucill, Thidy can by mdsichentiiod Gs sirepii
cooct. Lactobacilli are normal flora of the opper respimtory
tract. intestiial tract, and vaging, although they often fail 1o
grow in culture,

7-16 Colonien of Loactobooilius spp. ©oionks o
alpha-hemolvilc  resembling  viclduns - streptocoesl  bnd
Erygipelotiini=, It may be nocessary Lo dilferentiate these gen-
eru depending on the specunen soyrce, In most cases, both
bichrbrblls and stoeplococc | ane nortid Uora and do mol re-
quire identification., They are wsially resdsiant to vanconyein

Grrnwth on Thl agor will diflerentiote Frpiecbaio (oom Lo

hacllf, which nre unalle o grow
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F-18 Colonies of Erysipelothrix rhusiopothinoe.
Colomties mre s b, serel] less thaen 10 gl diimeterl,

and transparenl. A greenish color and/or officmolvis ap
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=18 dram stmin of Gardnorella vaginalis
(= 1R8Ok Lprdnerells vaglnalis | a small. g mi-posdiiye fir
priom=variabde fod-lke microoreanizm thal can be bsolaied
fnasemimis: TREkS G isim wos

LT {oryreiartertuen  and

lrom '|I|.'|;-'.' oy racl ol
ane lime included o i

Haennsritiden

718 Colonieas of Gardneralls vaginalls on
chooolate sgar. Aller 20 hotes of Indubat i
Ceirdnerdlla vigineily - appear as Hoy plopalnt  colonles on

chocolile ogur, Isolellon of the mioroorganism b nomspecif

bor e gz el hbnerial Viagtienerses, Shnoe v iy as 505

ol sastwen e coddon teedd symplomatienliv with (6 wagivalis

FAF Eryslpelothric rhusiopathise on triplo
sugar bon (TS agar. Drysipelotiriy rliesoptilae
demonstrates H S produd ton abong Ve stab Uoe o TS1agar
slant withun 45 hours of incubation a1 35°C, This &y u helpliil
lenture (st sepirites this organism from ofher gram-posdiiy

F-20 Hippurate hydrolysis test, O vgoulis by
drolyres sndiom kipparate, This microerpganism ydrolyees
o st hdpprate followinig a-2-Bowr fnglbselbo
L 0 Jib, A povsitlve rem
tion i85 the develogimenl of o purpbe color witlion 1O milnwtes of
bew (he acdithon of piniydoin. A negaiive re

af 250 s oescibed bn Figure |

LIENE) 1% DR
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F-21 A; Colonies of Araancbaaterium
haoamalyticom [laft)] and Strepiococous pyo-
genas (right. Colonies of Anorachactesion hammalipnbouns
are liny (LT o 03 mm in diemeter), beto-hemolvtie nlter £5
howees, nnd con e eonfised with sireplococol when sokided
froim o throat coliioee. Ax shoon here on the lelt, the colinbes
are ponhemalytic afice svernight mcnbabon. compared with
iheis strom bebi bemlvais of proup A steeptoceccl. Arcmoka-
pevttien was previovshy nchided in the gemus Corjprebes [erbiu,
but it & catalase-nepative. Microscopically, these gram-pos

Love bacill) resembde Corgmetsscterm sppe By Colonbes of As

gurnebacterlinn aemrelpiicuem (bee) omd STrephoci s Bogenes
i bt Eovipp b ehonss-tip sl overmbizhal T ubeit lavin )

T-22 Colonles of Rhodoocooous on B% shoap
blood agaer. Riiodoooocus bockisxifed witldn the =i
forms” gronip, Khodiscevoam ol wias also previonsly Inocloded
it the genus Corpmebacteriom s well as the penus . Mgoshae
fertidr, "The mbroorgankm. gomes well on shiecp blisod meaer
geitad colirdes can bl Klehstefle, bt i does ol grow - an
MaoConkey ugmr. Colomles miually develap n pink ploment of

for profonged incubation
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7-24 Coloniss of Oarakovia app. on 5% aheop
blood mgar. (erskovie ore motile gram-pogitive Glnmenits
that [mmgment into rodlike forms. This microotganism can be
presumptively identified by it microscopic morphobogy, mwotil-
ity, Bivdrolvils of cxoubin, and velbow pigmeat on sheep Blosd

agar,
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F-23 A, A, Microscopic @ppassrance of
Rhodoooocous sp. [<1280). Young colls rom colonks
b than 24 hours old uppear climgated (& and may cven ap-
peciar pisdlike. B, Cellular morphobsry changes 1o & more coc-
gk Tonemm wrlthin 24 1o 48 hours. Matiire forms: may even be
Hamentous, Brinched flaments may fragment into rods and
coccl durng the growth cvcle. G, Modified Kinyoun
moid-Test wtebn. Klodocoocus sgu may be parially ackd-
fnst when stained with o nodified Kinyoun stdin using 2%
H ;51 ax the deooborbdng dgent.

F-25 Very young colonies of Derskovia on B%
sheep blood sgar {<10). Oerckove previoushy belonpsd
13 the unaamed corvpciornm: baclesia of Cemters for Disease
Coutrol (CDC] group A, They are chatecterized by colonbics
with a [Hamemiois appesrunce that 15 obasrvod with a lght
micTosgope under kow povwer,
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F-28 OGrom otoin Nocardio spp. [ 1260). s
dhw mpecles are branching. bouded, Mmmentons grim-positlve
bacilll apgeroximaiety 1 e i dinmeter. They con adso appenr
as enccndd v coccabacillary forms. Cipre should be taken when
exartiming the slides hocavuse of the fnint stminkng proper tesof
these microorganims and oher actinomyceiss.

7-28 Colonies of Nocardia asteroides on 5%
shesp blood agar. Uolonics iulfelly sppear as powders.
and as they malure they van develop uonueeber of colors.
TRl gnag - Lrarm i 1.'I'|.|J|;1l|' 1.l|._rl|:|ﬂ' [{1] !.1.-H.|m..r|'.'|llpll= Bl read ur
bt Aswnvin, il Bk, Misst eolisnles hive sin et odor

F-E7 Modifled Hinyoun scid-fast stain, ool
speches appear icld=lst when stained with @ modificd Kin-
youn stnin wsing 2% H S0 6% the decolonzing apent. This fea-
tiire belps to distinguish s microorganism rom olber ciin-
orryeles

7-289 Colonios of Nocardla asteroldes on BAY
agar ptate. Yellow-ammnge oolomes of Necanfin astenaldes
Mhe vellewy codor b more copmon whith cofontes of most No-
(irn Epp

#F-30 Colonles of Nocardla astercides grow-
ing on BAY plate (< 18] Coloies aoe Birge, Joy, by,
atid heaped after ¥ davs Incubalion at 27°C. This morphology
Fiis ooty refermod G0 s i oo ocange form.
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F-22 aAmino oocld hydrolysis reactione of No-
cardin broaiflensts. [doailtication o the species level 12
vl macle on the Bk of Fredeo!ysts ol sk scicss Casdm,

tyrusine, xaathioe, and bypoxanthive, Clearing of the sgar

drbind Whe dolony b terpreted s a positive reaction. Bath
casen pnd tvroskoe are posktbve U i riphit qiardranits ) on Lhls

7. 31 identifioation of the - i pla, Xanthine and hepossndbing [Lep and bollony guaetnands

biochemical reactions. Mocirdi spp. wre accobic actin-
ormmvectes Bl reduce nibrale W aitone §iube on ieft), Ideokvze
urei (fuebye b evnder], amd grow ot e surfice of 4 broth
evwediaani, suich s the thioglyoolato brotl o the rghi

{ire negallsy

733 Amino acid hydrolysis reactions of No- F-34 Amino acid hydrolyaia reasctiona of
cardia asterchdes. Al nming doid reactiond are nogalne Straptomycesa app. Al reactions are posibbe on this
g Haks Jdens i wlbon platy, casgin, Dyrosiog. santhiong, and ly- identification plate. Unlike any Nocarba spp., Streplomioes spp
perinnnd bk, hvdrobeze casetiy, [yrodine, santhine. and hypoxanthine, Codo
ral morphology resembles the chalky, dey white colonbes of
Neyerrelfr spp. Allhoughy Mrepiompees spp. Qre Wred-posiiive
(i wre nitree-negagive, distinguishing the getera bom M-

el 51D



F-35 Oram stain of Sirepiomyces spp.
(= ARS0). SlFplariyoos spp. are charpctersed fcroscopi-
cilly by branching. besded. pram-positive Blumentous bacilll,

indistimgulshable from Noordia spp, Unlike Novardio spp., the
periinl acid-tast staln ks negtbe

7-3F Colonios of aActinomyoes app. (<10).
Thiesie aare thie charugieristhe “maolar tooth™ eolonies of Acting-
prigwew mmelil thial develop in 1 fo 2 weels on ager plales incu-
bafedd dindker anmeroble conditlons. These colonics are heaped
and ribsed with beregular margins

7-38 Oomorl methonamine siiver wstain of
Actinomyceos app. [*1R80). The slide was prepered
fromn a thesue Blopsy specimen. (o the center Boa Charscteriatie
“mulfur granule,” which constas of a granuler microcelany
surroitded by purnkent exudate, The Actinorgroes spp. are
srim-positive Bacilll that vary o soee foom shoct. diplibierad
forms to long, branchiog tillsmeats, Unlike Noorde spy (e
are pob partiuliy acld-lasg,

LA

i

i

ol

-
.

7-38 Blochomicnl identification of actino-
myoas rasilll, \ost Asinrsees spp, reduce nitrate toni-
trite dred colored Broth on right] including Actinontices fsmselil
Additionally, Actimernyess tsraeln beedrobvecs escnlin (Binck shar
oot [ikfE 3, bt nod urea (pellow sbmi in center),
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CHAPTER 8 Enterobacteriaceae

T he Enterobacterigeear are the most common bacterial Isolates encountered in
the dingnostic laboratory. They can be isolated from @ wide varety of speci-
mens clther as normal Hors (predominantly in the intestinal tract) or pathogens.
The gram-negative bacillary microscopic morphology s similar among all species,
Colonies are usually lurge and gray on 3% sheep blood agur. Rapid lactose ter-
menters-appear pink on MacConkey agar and have a greenish metallic sheen on
Fosin methylene blue (EMB). The Enterobacieriocese are very active blochemically
and can be identitied with a wide variety of tests. Four characteristics of the Enter-
obacteriverae ure growth on MacConkey pgar, oxidase-negative, glucose fermenta-
tion, and reduction of nitrates to nitrites,

B-1 Entercobacterisosas on B% shaop blood
mgar. Utiracieristic colon bl morpbelory an 5% aleep bliood
aghr 4 hewvinig Jaspe, dill, gy, nonhemsherk: colanics, Hemed-
vls |6 virrkwbbe andd not cheracteristie of any ane geniis.

B-2 Proteuvs species on 5% sheep blood agar.
Growth appears 1o spread a3 o film on the plate vom Uhe origd-
roial Cislowny o stoeak lne, oflen extending in woaves. This char-
acteriste of Proveus 2pp. s calbed swarmibtg: aid swggests ol
thio edcroor gaieasces s oot by s of Qageils,



8-4 HKiahsialln preumonios on MoocConkoy
mgar, Rapid lactode formenting eolonbes of Kbt poerm

nide appents pink. large, ghstoning, and mucobd, This sirain &
probably encupsulated and therefors appears mucald. Al

theagh this appearance 5 avsacinted with Kishidello jfinowmo

Fal, if 1 ot unkpie for that <pecies

Euijerpiucteriaoeae 57

B-3 A, E ocoll on MacConkey agar. Fipd laciose
fermeniting stralns of | K. coli appear g shiny pink colaities on
MicConkey agar. By E ool on MacConkey agar
iclona-up). C. E. coll on 8% sheep blood agar
[oloma-up]. Cidonies are shivny, opagioe, creaim=cotined, mmd
sk 2 g 4 o cliameter cermighl

-

8-8 Pigmenied Serratis sp. on MacConkey
agar. These colonies appear red andd should oot be confused
with the geod cislon duee (o kclose ermnzntation sown ins-1
Riare s rulos of Sernathr spps pooduce pigament, which |5 sten on
uill il peedia deeclid g the Lilwend aigar plate,
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8-8 Enfercobacteriaceas on MacConhey agar.
Al liste bactose fermenters and Inctose-nemitive spockes of the
Enferobacterieoene appear as oodorless (color of the mediuim)
cudisnies on MicUonkey, The colondes of the lae laelose Der-
metailebe species iy Wppesr Ry pink after 45 0 7.2 bours
of {5 bt o)

8-F7 Entercbacierisceae on Hokioon ontoric
wgar (HBE). Yostspocees of Eoderobe beriinete, excepl lor the
raepid oo fermenters including somme Escherichin, kidslalia,
Faferabarier i CTorabarier specles, appear colorkiss on efther
MuacCovkey or vosn metbndlene bioe (ENTEY agurs. Fecal speci-
micre should be inocmlnted onto o more selective medium sich
a% HE mgor or sylode:lestne-desoavcholnte (X110 ngar o help
differentinte entoric imtestinal pathosens: Termentation ol
Lnerose, sucrose, and for ealickn resilts in vellow or salimon col-
ored eolonics due to the pH ¢hange on the bromthormol e
ared e ld Tuchsin mdcators.

f-8 Seimonells epp. and othor Enferobacteri-
aceae on Hoktoen enterio agar. [ oo omganiin thes
ool lermen lectse, sucrose, o salbcin, the colonis will up
pear green fecior of The medium ) 7 e mboroergssidan pro-
duces H,5, an important characieristic of the Enterobarterl
aceie, Uie cofomnkes will have blisck comters and will aprear
ecompletely back with profocged localution, These black
erdanles lire charaiieristic of most Salmonalle spp, on HE pgar

a-8 jdentHloation of thae Entercbacteriacass
by tha roapid apot test method. Spol s e oo
manly wsed for the mphd, presumprive Identifiestion of many
microorgantsm groupd. For this method, filter paper or o paper
disk b imprepnoted with the substraie. To perform the fex
ond ar mors colinies nre aelected with wstenle wooden appli-
cxitor stick from the described snedivim and applied o thie 1ent
surfanie



B-10 Oxidase spot tesl. S0ine mcrsergansms jus
sews cither cvtochrome Oxtdase or indophesol oxbdase, which
cutalyee (he tramsport of vlectrons from donor componds
INADH} b chatron recepiors (040, [n this tesi the substrois
peraphenylenedipmine ditndrochlorde serves ms an artificial
clectron acceptor for the emyme oxidose. The dve 18 ovidized
and forms the coloned compound. indophenol blue. For this
iest, Mlter paper i Skturabsd with the substrale, Colonies of Lhe
microrgianism to be tested are rubbed anto the filter paper
with & stenibe wooden applicator stick. An tmmediate color
Chinnge 1o wideep Blhoe indicaies a positive lest resull (gt ot
rght ), The Enterobacteciarany e oxidase-negative and there-
fore the inocubum should not change the color of the paper
{xpot o the defe),

I-'.:r_:rmfmtfrl.:imr 50

B-11 bndole apot toat. [1dole B oge ol the degradistion
proshucts of the amine ackd tryptophan. Indoly produced bea
mderoorginism goown [noa medium that lorich in tryploptan
cun be detected by itz ability 10 combine with certain alde-
Irvekes 1o form & colored compound. For the spot test. filier pa-
per ke spakicd with cither prradincthy laaisociniemaldelinnde
or paradimethylaminobenzaldebyde (Kovacs ceagent), Colo-
ks of the micreerganism (0 be tested are rubbed opto the
filter paper witl a sterile wooden applicator stich. 15 parudi-
mekhisfarmdoo b imamaldefide s wsal, o blue-gooen color ape
pears bnmediately b the preseoce O indole, IT-Kovac reagent
Is wsed. & bogll piok-red color develops. [n this Bgure. using
libter pisper soaked withe paradimetby laminocnnamaldelyde.
thie colony on the right 15 pesitive while the one on the [efl =
prget v, The pink color bs the result of o lagtose-positive color
sgdittiod frowm NlacCorikoy agar.

B2 s-nitropheanyl-[-D-galactopyranosids
(ONPQ) tast. |he eroovme (galactosidise modiates loctose
lermentation, Kapid lactose fermenters. howevern poksess 4
perincase eugyvine sl speeds tlie oeaction. yielding piok
cobonies on MacConkey agarn Production of Pegalactosidse
only results b deluved lactose fermentation (2 to 10 day).
True ponlactose fernwalers possess neither engyme. The
PG bt 5w rapisd test 04 hoars) lor B-galiotosline. -
pliciosidise breals dovn the sehstrmite QNP Into wnktro-
phenyl, a vellow compoud, and giluctose, A vellow color in

flentes o positive tost (efght Lbe) and no color change
inegative] Indicates a frie nonloctose fermentor (el D).

B-13 Methyl red-Voges-Proskauver ([(MRAEVP)
teat. Both tests are performed from the sume inoculum sus-
pesion. which v divided for testing. The method red tesd is
used to determine the pH of the end products of glucose fer-
menbilban, In convening gluooses 1 prouvic ackl, oime Enler-
oharfertaconr produce acid eod producis (pEl less than 4.4,
whdch turn the methyl red Indicator red, while sthers produce
icetoin (pH greater than 6,00, which turns the indicator yel-
Lo, The Voges-Proskaver test detects scetoin, The resgenis a-
raphitheol aowd KOH are added te the broth suspension. Acetaln
Is oxliliged o diucetyl, vielding a red cobor (pH greater than
008, Thee defl vt of tubes shows a posithve MR and o negithe
VP [ color eharge . and the righi ser shioves o negithve MR
und i pewsiibve VP
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B-18 Phonylalanine deaminose (PAD) teat (it
tesd s hased on the princlple that some microorgnniams can
remove in amine geoup rom the amino acid phenylalanine,
resuiting in the production of phenyvlpymuvic acid. A microns-
grisism prowing oo @ phenvialanine dgar slani B feased by
ndding o few drops of o VO fernd clilocide solulion, A preoen
color (rfpht piebe i indlcites o positive ted resull, Thie sl re-
muainscoloriess with a negabive test tesadt (el fube), This test 15
lietpiul in differeiitbating the (e Prisede | P posdibee ) Trosm
the pther Enferdsiicieriarroe iIPAD-cepitlin).

B-14 Citrate utiltcation test. Some ol Uhe Eeteroba

fertaceds have the ability to utile citrate as a sole soarce of
carborn, bn this 1es1, o colony B inoculaled oido e sarface ol
ncitriade shiiol and (e medium is incubated overnight at 35°C
The medium contains sodium citrate, amooaiuen salts, aod
bromihvimol Blue indicabor, 'Fhe presence of o blue color lnd?
cirtes Whe preseice ol alkalioe end prochocts and o posithve ol
rale test (feft tiebw), IF the west b geguthe there is no color
chonmge (e bk
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8-17 Poaltive PAD and urea tests. Four specios of
the  Enferobacirmcge are WD and wbea-positive; [Profeis
miratifis, Profens vidgeets, Meorgene o morganil. and Providenoie
pettagert, I Ehee tsoskinies testind prodinoed thasss reactions and slso
swarmied on bl sgar, i woukd be n Prvens=pn. A spat indole
fest would ldenmtily the spoctes:: Prideres inieebilis i indole-negn

i mnad Protess wehaeris B ndsle-poslitive, The clinne e
wiuhd differentiane the rorsaarmers: MorgoneHa mongeent] ks
clirale-negatve and Providenchs rettger) |s clivite-posithe

Entorota teringcar Al

B-18 Uroaso test. \llooorganizms that possess the en-
e wreass hydrolvee ueed to aounonka and OO The pheool
ped indicator Turns certse (dark pank in the presence of 1the.al-
knling end products, This Bpure shows three inoeulated Chris-
tenden's irren dinls Thst wee ineabaced overnigh. The el
nrael middle tubes ane positivee The lefil tabe wns imocaliried
with Protess rdrabdlis, oo rapld wren Dvdndveer (2 o4 Tosars

the miiddbe 1ube v inoculhted with Klebsfella poeimsonde, o
slow’ urea Indrobyier {18 (o 24 horrs ), and the dhghit tabe was
ioculated with I ool & uresse=fiogalive micnoorgan ikmn
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B-18 Decarboxylase-dihydrolnss tests. [hede-
parbmgy bnse erureme removes cnrboxy] groops from the amipno
adids Ivstne and ormithine. The dibydrobive eneymie remowes &
curboxvl group from - arginiee. Gipcose base withou) the
dmano ackd Ut tube, coriral) ad Dubes conlaliing gligos
plus the amine achd solstrube are lnocuakated. Devarbsoyla-
tiom and dibvdrelation are anasrobic reactions., so the inocu-
laled lubes must be overladd witl stesibe minecad of Lo gxeluds
i Inikialh all brotbs turn vellow dee to sciliboation of te
inndicator ibromerdsol purple by the acid end products of gla-
cose fermentation. I the ambno icid s decarbony lited, the al
kallme cod produect couses the indbeator to rovert toan alkanline
pH [puarplel. I this Rguee, arghnbne (aeonnd oo 1e0 ) nmd oe-
nlthine (right tabe) ore: posttive and hedne 1= negative

B-18 Triple Sugar ron [TS1) agar slant and rils,
tudem. T5] apar delocts rrmeniation of ghuoese, Lctose and
suiree, Hah production. amed gas formation, The mediwm
conbalns-ooe part ghecose io 10 parts lactose ind sucrose, fer-
pic aumponiuen cilrale, and phenol red mdicoton, 1§ the mi
cronrpanmm lermenls glucmse alone, (e catine fube (xtang
s baat ) willl tern ackd (vl however, tie mileronrgimiuan
W berginn Do depride prrostelins o e sgar surbice, risaaiing In
slkatinne v prodoeis ied o pok slant, B Leciose amnd /o s
criese e fermentesd theenilne tube remmains vellow beemuso of
the grewter canceebrition of these carholdrintes, 1.5 rencts
with fore prmoniom ciiraie 1o prodicce o blck end product
ferroiis sulfivbe, Gna formation 8 dctected by the prosence of
Bubbles ar cracks in the agar. The v/, tube el Laboratos
cies. Lemoxa, B ) is o msonsl commersial identdication sps-
tein, Fave teactions can oogur i Lhie upper portion of the brsd
bk glecose jnd laciose formentaticn, H s> peeductiog, gax
formeatidn, amd phenylalaniog deaminatbon. Lesine decar-
brom y ladbon ocours in the ower lunseroblc) portion, [n bk ex-
aige. givcose B fermentod ud Hd B redues! o the TSE
et siile) The vellow cobar Indicating gludoss mmeniallon =
s ke B thee Reloahs evid pardiioned o HES productiog, The same
iAo appedars bo e upper-portbon of the rh tubeshesine s
porsdtinie b Uie Foer porilon. TR reaction sugeesis Sxlmwee L

1r|Fl.
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B-20 TSI alant reactions. The [0 TS tubes have the
lnllowing roictbons™ (M 1o mghiie

it Bt 8 Ban farmation
# ncil et i i
wl ikl ncid il f
K] afialine acid il f
R jifknline ucid] il i
A atkaline i ] i
e alkndine mcid il i
87 alknling il 0 .
& acld e i i}
a4 alkaline  acid shight 1
A ] olkaline acud ] ¢

Al = ywiborr alkalee = mab 1] Sopouivnr « black g = ornota. bubbls

B8-21 b, resctions. Tl clghi o/by tabes have the il
bk reactons®

#1 acd acid O + ] i
#2  alkaline avid O 1} 1} il
g1 alkalioe wiedl 0 - ] il
wd  alkaline scd DO 1] 1] ¥
#3 alkalipe acid O 1 * i
g6 alkifine  acid . 1) + §]
o7 alkalie acid  sliphn ik {3

gE  alkiline  acid - - }]

“Arl =yl e allalne = sl 1 5 posene = ack i = ook baihlades
PAD ponihve = banoraan hrahe-posinie = e
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B-Z8 riby medium and resctions., [l ube asan
upper (acrobic) and lwer (anascobic) portion. [wdobe s ey
preted bn the upper portion and ornithine decarboxy Lesge aned
mictility ane interpreted i il lower portbon., This b slimn)-
lar 18 the conventivaa] MIO {motility-indok-ornithine
meditim.

Thie fowee e/ tubey sl have the folbinwing reaclionm

‘.!.d'
Il 15Tk lmdghe G i
| + ' v
w2 {3 . ¢
R i 0 4-

-}

|
) - :
ll' ' '

Wi il ¥ Ll

Aledesesjmmiivr = et [ 4 0 a) tee sorlaoy i L W o | i, il e
et < e e ol o poalipee e durbld sl dos with o Baer okl Rine

UT/RHAM w7 /RHAM ?I'I'J Hlml ?T“FE
LN iy

B-Z23 CIT/AHAM madium and resctions. |10
upper { seroble | porilon of this medhim & for demonsteation
of citrnie vrilizabon. and the lower [anserobic) portion B Lo
ditewt plhiasmriese fermenl on

[he four CIT/RHAM tubes Bave U Bllorring rezieibon <

Citraiw LT RTINS
&l i il
=l ] +
gl + +
oy 4 Ll

‘Ulirmlequnline = Bior cErale angithy = reci thatmive moding =
sl by SHEARE * piTi
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8-24 ~Characteristic reactions of Salmonells
spp. (except Balmonalla typhij

™ s, riby CIT/FHAM
il nelel alk/ mekd arabthione
H5+ s+ il

Isine < mdladed

PATI O

8-28 Characlerislic reactions of Salmonells
typii.

1] [1i-W rit; EIT/AHAM
ik e Al facid ornithine ) (L]
sght His— slight H .5+ mcdile

[y sime ieloke 0

el el
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311

#1130

B8-Z27 Characteristic reactione of Yersinla en-
torocoilition,

o

B-B8 Characteristic resctions of Proteus vul-

arie.
™ [3-™ iy CIT AN
peidoetd alk/ackd arnithine o |
1154 5+ mtile

P = Imetale +

lysine 0

T by iy CIT/MHAM
alkfacid alk/acid crmithine + i 4
H-50 bine O mon mtile

.50 Irachnde 4

FALY O




Entendyacteruroue [Ty

BRE.

™ M, Py CIT/AHAM
nlklacid alk:acid ornithme O LA
H45 0 bradpe il et ile

Has 0 indote 1
FADo

i

B8-28 Characteristic reactions of E coll using MICRO-1ID strip. [he MICKO-0
tOrgamon Tekniko. Durham, 5.C,) strip contains | 5 blochemical tests for (he rapid entification (4 hours)
ol thie Eviterobactedm ege. The sysiem i based on the prrinciple Uhal (e besry {noculbum suspension of the or-
gk o be fested contudos Righ Tevebof prebormeed eoiymes, The et inctoled 1o Qie system ame Viges-
Proekauar [V L niorate (80 phemyhalaning demiminse (000, H=% tsbole (1 oraithloe (000 aml S=lie de-
carbonylise (LY, mudomube (M), wee (0, eseadin (EL ONPG arabinose ( ARARL adonliol (ATON], ndsitol
(INO8E, and sorbitol (SORE), The tes resulis are nterprotes) visaally, coded mumerteally, and compared 1o
bdenaibfeatlod tablis o the AECROETEY poolile code ool o make the ldenilfleatiom, The terprotalin of this

exumeple s
Ve M PFD HSE | 60 LD WM U E ONPG ARAR  ADOW M08  SORE
] t i) i} ¥ ¥ + ] 4] [} + + N] il il

The Mentification K. coli and the profils code niwmber 182 54 30, The code was derved bvdividing the tesis
into 3 groups of three and assigniog ascors to each, The Drst test ol each sl bgiven i score ol 4, the second
test i assigned a 2 and the thind test b assigned a 1, |1 any o tse tests are positive, i s given [1s soore, but if
receives & 0F it s negative, The numbers in 2 sct can range from (10 7.
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B8-30 Characteristic reactions of E. coll using the AP 20 B strip. The AP 205 snp
(bioMerieun Vitek, Hapelwood, Mo @ is 3 sellcontined systen of 20 micretubes of dehydrated substrates, a
ministurized version of conventional procodures, designed lor over gl incubation. ldentification v nuade
by mdding nevessary reagents and then visually interpreting the results. The tests incladed In the system are;
NG, arginine dibvdrolise | ADC ), ivsine (LDCH and ornithiie (ODC) decarbexybtse, citrate iCLT), H S, ured
(UREL, tryptophan deaminise (THA), ndole (81, Veges-Froskaper (VE) gelatin (UEL) ghacose (GLL),
mdennitel (MAN], inositol (INGL saocbitol (SDR) rhamnove (RHAL secroke (SAUL meliblose (MEL),
anygdalio AMY Lo dridsnose (ARAL Ao axidase test niust be perforowed separately: Namerical coding of
results allows compuiterized Interpretation of patterns, ety of which are avullable in a codebook or n
computerized fovm. The Wtecpretation of s cxampie -

OMPG ADC LDC ODC CIT M8 URE TDA IND VP GEL QLU MAN MO SOR FAMA SAC MEL AMY ARA
[ f ¢ S I I 1 1] . i L] - - [ T R I | - (1] -

The identification (s E. colt and the profile code number s 5144552 The code was derveed by dividing the
tests it 7 groupsof three (oxadasi reaction is the third test in the b set) and batgning a score o cach
The first test of each st b ghven a | the sicimnd teal s isssgned a 2 and the thind tesh b mssigied a 4. 1 any
of the festsare positive, i 1y gheen its score-and receives 4 O it is hegatve, The total scores (n o $et can range
bpomm 01 o 7,

s |
ﬁ..-mﬁ;gmv.. C W vy
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B-31 Characteristioc resctions of Entarobacter asrogenss (top) and Entarobac-
tor cloacoo (bottam) uning AP 20 E strips. The interpretstion of these ies n this example

OMPO ADC LDC ODC CIT H,% URE TDA WD WP OFL SLU MAN NG BOR RHA SAC MEL ANY ARMA
Tk i G | O TR S ¢ M T T Folo 4 # ok & 0+ 4 T
Faer * 0 4 4+ #F o B a <+ ﬂ_m*r 1l * = + + % = -

The peofile coslirnermber for 2 dosese (Relnp s 3305373
The proflle code miimiber for P aeragemss (F aeri 2 550577 1
The mnjor diffirenccs hetween the two species are the peactions with arginine. beine. and inosital
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{bottom) using APY 20 E stripa. The interpretation of these teits in this example b

mmmmmum TOA IMD VP CEL CLU MAN WO SOR RHA SAC MEL AMY ARA
el 0 0 D 0 + + + + + 0O Fwl B % 0 O 0 8 + @ = B
Pmir 0 0 0 + + = +« 4+ 0 0O Pmic O + U 0 0 ¢ 0 @& 0 0

The profile code numiber for 12 vbeards (1 vul) s HTH0.21,

Thee pratile code number for 2 ardilis OF smie) o OF S40060,

The differerces between the twe species are the renctions witl oenl hine. Indole. suerose and amegdnlin,

8-33 Charactoriatio roactions of Serratis marcéescens (top), Erterobaclor
aerogenas (middin), and Kiebsiolla oxytoca (bottom) using APl 20 E strips.

OMPO ADC LDC ODC CIT H.8 URE TDA D ¥ P GEL OAU MAN INO SO0 RHA SAC MEL AMY ARA
K inar ¥ (4] 4 ¥ = 0 i O = N + # - = + N = 0 &« 4
Foer - 1 = = = 0 0 0 o + Eoer U = = e B o & .. B .+
K oxy b 0 = a0 0 + % hooay 0 + * + & 4+ & - & 4

The profile code number-for Serran mancvicens (5 mic) =35 07 721,

The profile code number for E. aroegenes (Fueri bs 530377

The profile code aumber fue Klebelle dxgioca 1K oxyi i 3245771,

The differences between 8 snarencens and B sorogenes ane the reactions with gefatin, fhamose, ind mellbinse
The differéices beivoen K axytdes and [, aeropmey are the reactiots with eroiiine and bndole,
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B-34 Charootoristio resctions of Yorsinia ertorccoliticn ond Shigeis sonmel wes-
ing APl 20 K strips.
OMPG ADC LDC ODC CIT W,5 URE TDA IND VP OEL OLU MAN INO BOA RMA SAC MEL AMY ARA

Year w4 0 0O O 0 O + 0 0o 0o Yok O + + [ =+ 0 + O @ =+
Ssom w+0 0D 0 -+« 0 0 0 0 0 0O Bsany O 0+ + 0 @ 4+ U U 0 =+

The prodile code number fir Yervind enteracolitea (Y ent) s 1014522

The prodife code number for Sl sonmed {5 son) i T IO31T1

The differcnices hetween the twa species are the reactions with oenithine, urea, sorbitol, ehimnose, sid sucrose.
# = wrak pifior,

__ 1r::,—., Sy gﬁFz'j
I --ﬂ'-t i

_-.. :_1_. a3 ,... ; . ‘. —'_III

e

B-38 Choracterietic reactions of Prolews mirabilis (top), Morganeila morgenil
imiddie}, and Proteus vulgaris (bottom) using APl 20 E strips.

| - E

ONPG ADC LOC ODC CIT M5 URE TDA IND VP GEL OLU MAM MO SOF ML SAC MEL AMY ARL
ol {1 0O 0 + 4+ = + {1 n P mir £ + i a o o o o 0 O
Mmor 0 0O U + @ 0 + + % 0 Mmer 00 <+ 0 0O 0O 0 O O D O
Pyul g B 0D 4 + = 4 + 4+ 0 P yul b 4 B a0 0 n = 0B + 0

The profile code number foe 1 timdll (F mir is 07 34000,

The profile code number for M. o (M mc) i 01 74000

Thie profile cote oumber foc B vnligetris (B vul) s 0674020,

The differences betwoen M. mormand and P osdrabdlls are the reactsons with citrate, 15, and indole,

Thye dhilferensces betwoen M. monpeel and F vidasris wee the reactlons with oenithine, citeste. 155, sucrose. and amygdalin.
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8-36 Comparing colonial morphology with biochamical identiflaation. A0 mporant
step in the inal identificstion of an kolate is to compare the bischemical reaction with the coloniul mor-
phiclogy und renetions on (he primary plating media. ln this example, the colonies of Salmonells spp. are
<8~ positive on the HE agar and the 1S ks also positive on the AP 20 E



cHAPTER 9 Other Gram-Negative

Microorganisms

1

tive gram-negative

he gram-negative microorganisms presented in this section are those that are
nod in the Tamily Emerobacteriocear. Included are the Netsseria and Moraxella
species. miscellancous fastidious gram-negative bacilli (Haemaophilus. Bordetelln, Bru-
celln, Posteurelly, Eikenells, Kingella, and Copnocytophaga spp.). the curved or comma-
shaped gram-negative bacilll (Campylobacter and Vibrdo spp.). and the nomfermenta-

{ Pseudomonas,  Splingomonas,  Stenotrophomions,

Shewanella, Acinetobecter, and Flavebacterfimn spp.).

Neisseria and Moraxella spp.

i

-
am

T

8-1 Oram stain of Nelssera app. CTom-sinined
smear of 0 boed culitre showing sram-negative diplocoos
cheiracieriale af. Nelseerba app. The ncjocent shdes of the ool
pulrs book Huttened or kidney benin-shaped. The diplococe can
resbst decolortion and. ns o resoll, may staio gram-viicishle
or Erism-pesitive (= 1 2500

8-2 Nolssoria moeninghtidis on chooolnto g,
Melsmeriin snenlngltldis codosiles on o ehodolale ngar plate ineu

Pated g 570 n 59 OCk ol 55% o &0% hamidiiy The
pithiorehids wre s weny thion vellye and nonhemalviie. char-
iictertstios that disshngukh the pathiosenic species ol Mefstrria
ey st of thie mompat hiogende speckes. Tn older cultures (4%
hosgers), i prceriish cns can opper benenth the codoniesin the
nre of bty griivth
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B8-3 ~Nalasaria moaningitidlis on 5% ahaap blood
sgar,. Unlonies nre round, smoath, opeque, glisiendng, and 1
1o 1.5 mm in diameter. The colonies are gravish in éokve ond
can sppear phitkish. as shown in this hgure,

8-4 Noeiaseria gonorrhosas on  modified
Thayosr-Martin (PMTM) agar. YT oo selective mgar
micdinim or the aolation of AL aororrfidene. [ confalns anlim=
L'l:'-i“:lu'll agents [vanoomy i, colistiin, |.1:..'-\.I itine and tnmetho
prim laciute ) Lo ikl pram-postiive sl other gram-mnegaibe
e T s, ki sorme vésst and the swarmidng of Pro
fepid spie Aller overmdehn tncubuikon sl 35°C I 5% 00,

eolonios are small (0.5 to L0 mm in dismotor), gray, glisten.
bitg und apsgue. They increase e size with prolonged incuba-
plern, Culitred should be held for 72 hours beéfore reporting o
et

B-5 Moraxslls [Branhamellas) catarrhalia on
5% sheep blood agar. Morell cotor iy grows well
o poiitine laboritory enriched media ncluding blood and
chiocolate apgar media. Culomies are asually opague. pouisl
iivd white, Microstopically. they may be comlused wilh non-
Mwelsgrrle wppy bat ther ore as

;‘l.-:'ihlt"‘:l.'ll.ll. sirains of
sicharolytic In corboledrate ouilzEtion less Dy reduce
MLy wntikg Metsmeria spp. thiey proclonee DN

8-8 identification of Nelssoris spp. by carbo-
hydrale utilizstion. e dabdard method for idenbdving
Nreteserie spp. I8 10 determine acld in CTA (cvsting-fryplicese
agear b rmoasdioom o sembsolid agar wlth 15 of each of the carbo
brvdraites plucoss, lctose. mialiose, wd socrose. [n (his exeum-
e acid 1= progtuced In Both ghicose aod maliose, Sentilying
the fenldabit a8 5, menfrgiicbills Thbs b an insensitive method he-
cistise Nefuserla spp. ore oxidative, and the mediom was de-
"\.|:.".":'.'I| to detect rrmenintive mbernoresrisms
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29-7 Identification of Neisssria spp. by AP
Quad-FERAM=. AN Duad-FERYM » iboMerdoux Viiek,
Hoelwood, S, & 2-hogr method for determining carhahy-
et imctobeliam, [Eentilies Netwwria spp aid Moy oo
fairrhalis Tissts inchade 8 carbohpdrate coniral [CTRLL glucose
JGELL, maliose (MALL Inctose LACT aod soerose (5000,
e, and bemm-lsctomase (BLAC) Phenol red s the ndics-
fior, The reaciion pattern shown heod B8 charsciiristic of N
rseritriptiolis. compared To A e rleer with an ockd roaction
g g ounly

Haemophilus spp.

8-8 ldentification of Neisssria spp. by Neisse-
rin/Maemaophitus ldentification [NHI) Card. [he
N HE card iMavleriony Yitek, Horelwood, Mo yotlges 16 con-
verlioniad and single-salstrale chromoiienic Lests to diflerenti-
ate Nebgserin, Momcelln sppy. and the HACER {Havnphil i
dpdoriplitliy aend 1 petragplerephifaes, A tloibyocellas, el

Ferfuir, Filkemella mnd Kingelle soo y groop of organisms, Tes
[THA (1R ALA)L  phenviphoepbate
iPsy, profine-pniiroanilide (PROY ganma-gluthmyl-p
pitreandlide (GOT)L glicine-p-nitraaniiide (GLY) lysine-pe
anroandlide (LYS), cnltrephenviphosplorelchollae (FTICS,
ghicose (LLUL sucross (SULCKL malioze (MLTH inphenyl-
tetrazodicem [T armithine (UL urea
(URED, am] pembcillin G (PEMN L Tibdide DN and calalass 1CAT)
sty e also poguired The ocganiean o vhis photogzapl s %
Firer e el s

ilaninegenitrnnilide

resaEirin (HLES

8-8 Hasemophilua nfuenzae on chooolats
wgar, Homophiles infliwsizae colonles on chocolaie agar are
im0ty rovnd, entée. Bat, somewhal opagque, and gravish i
coldor, Hirrmophilas [rfheese regquires betbe X arsd ¥ Tactors bor
grivwthy both lactors ane contalned n chocolate agar.

9-10 Hasmophilus inffusnzse on choocolats
agar (closs-up view). Coliniss of moenkd. encapsolated
sirnins ol Haermophiled e tend to boconflucnt, whereas
nopencapsulated strains sopoar mdividually, as shown in this
exdinple, Coloiies tend 10 hisve & mnisty adir, which has beey
ibescriled s suelling ke “dirty spealors.
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2-11 A, ldentification of Hoemophilua inffuenzas by X and ¥ stripe. |lie growth reguireoments i X-lactor
theme compounds) and Ydacior (nicotinamide ndznine dinucleotide [NAD] also known s coefiyene 1 or nleotinombde ndenin
disucisvtide phospliale [NADP], ol ki LG are importand fessturis Toe doritifying Hamophifas spo In this
metlusd, Blier paper aeips o disks are impregnuted with X factor, V ictor, sod both factors. A s ppensing of g X spremd
ontin i medtium that ks devold of the lactors, and the strips are then applied. The plate s incubated everniphil in 5% OO0 ol
nbserved for the prosence of growth s romeking Uhie disdis This (saslote grows onby in the presence of both X asd V luetors. thdi
ated by the faiot baze of growih surroumding the XV sirip. B, Heemophiius influenzoe satsiiiting around
Staphylococoun aurews. The Blood inithe i prevides the emin (X aclor), and the stapbnvlococews supptles the MAT
V- lecior b alloawing groiad b of the Tiermopiilies (afienzae fear the sireal

R CONTIEYT

B-12 dentification of Haemophlive Influenzoe
by the Porphyrin Production Test (PPT). Thit o

8-13 Haamophilus parasinfluenzeae on chooo-
Lotes mvggevr. o lombos of I, parrii e e appronimiately 3

diferentiotes  Dormiopdillus  parcinflaenzae  iposiiive)  from
H. parailenessine porsess an
erivine. por phedi Uncsen ssynthase, thal comaeris &aminole

Flawmumifiibis irmfTeerzae (megilive
vulinic sl bido porphvelns tind piirphobilinmen. Kovas
reagenl  (podimmad ybiempobenyaldehvide) | detects
billimeggeny, Porplivring peochiide reddish Buorescence under a
Winaids lamip (DY fight ar 3600 nmi). With Kovaos peapent, 1,

panitifiezar appears ped and 1, infforeee comainy cologless

T -

Uneter o Wiends lames, o Beoth culloee of M gz -

rescts nd i e esne does ool s shown hiere,

mm In diameter. round, somewhat opague. and glistening
Thibs species Is comtinenly Tound In the upper sl mmlory et
as part of the normud Hora. IC I mportant i diainguoish i
iremn Hateseropli i Inlluemaee, @ probahle pothagen in thie lower
resprraliry racl. Bath specles can cmse urethriis. postper-
Tuceny sl wpeppalan] seprifs, DiTercatintion of the species i per=
berimend with the X and V' strips (Flaare 91 1) o the parprin

prischisction tes (Fleere 9120,
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B-1d4 Identification of H. paralnfluenzas and
Hasmophilus aphrophiiva with Minltokh sugars.
Thie Minhek Blochemieal differentiation system |BBL Microbl-
ology Syslems, Cockeysville, Md) utilizes paper disks impreg.
natod with subsiraies to ald i the dillerentiailon of gram-pos-
itive mrd pram-negative microorganisms. anoeérobes, and
yeayi. There are approcdmately 40 different substrates that
mia be ised optanally in the system. A 20-well plastle plite i
msed for testing, In this example, the following carbolgydres
are fested: glucoss (), maliose (000 mcrose (Su), Inctose (L)
mvanniiel (AN, and xvlose (X,

Hpar 1} b 1] S L MM X
4 ‘ i i) i 0
Haph D M Su L MA X
. = - + {1 i

The abistlogeuelehing leature i thal Hu mpphidlis apivropheli W
[ TR TR

Bordetella, Brucella, and Pasteurella spp.

. s
L]
!‘f..-." & W L

L™ s Ry S | 25 B »

B-18 Gram sisin of Broceils calls [(«12850). iy
liny grami-ncgstive bacilli salated from o blood culture of o
piiblenit with brocellosi. Both Bordetella and Dastenrells spp.
iy hivve' a stmklor mor plichogy.

8-18 Bordetelle bronchisepiioa on 5% sheep
bicod agar. Coloniss are large (3 oun i dimmeter). flat
e duill, They grow swell on 3% sheep blood sgar Incubaled
pvernilghl. Thelr apgoartimee anid odogr on Bood agar b sfmilar
bty ol the nonfermentolve gram-negathe baclill, bui
they do not prow on MocConkey agor, Rapld ureln hjdrodysie
distiny aishes1 bis species rm many other mbensacganisms,



Bl B

8-17F Idanification of Bordetella bromnchinep-
Hoa by ores, Honderelle bronchiseoricn hydealypes oren
rapidiy, A pink color hat begun (o develop on the beft slamt 13
minates after inoculatioo. The rght sant tared stroogly
mok duting overmghl ineubatwon,

8-18 Colonles of Brucells sp. on chocolate
ogar, [ironvth of Braeeda sp, o chocolate agar alter 4 doys o
Incuhatlon, Colonkes reguire probinped fncobalion Ly aitain

sullbient growith oe artieer biochiembcal Testine.

8-20 ldentification of Bruoails app. by nitrota
mnd urea, Some Hrucells speches hydeedvee ared in Less thain
10 mkpres and redoee nitrates 10 nitriies or nlirmgoen gas This
isdaie B urcasc-positive and rectoeed NOY o NOS Aller 48
howrs neubation i olteate brothy sulfinklie ackd and alpha-
naphihyiamine are ddded. The presenoe of aktrite Bindicated
by a red oolor change, If nitrate was not reduced or was re-
deced past nitriie o nibrogen gas, e beoth eeinains coloriess
A nepalivesappearing nitrate ot i confirmed by adding
eliae alust, wilidels reduces the unmeduged mitrare to gkrite amnd
catses the [ndictor 1 born rsl esshown hoene

Chher Gram-Negatloe Ovponisms i

9-18 Colonies of Brucella ap. on 5% shasp
blood ager. These ooliies of Bruceda are 45 howrs old
These microorimisms are show-growing, bul nost strkns will
pronw o lnboestory imedia without adaed ensichment. (rowih
mity takn 4% hours to hecome visible and even longer for a
subculitre from o single colony o grow, Colonkes are amall.
pabsed, whike 1o cream In eolor, and giktening. The ngar plate
should be incubated at 35°C In 5% fo 109, CO, for 7 davs be-
fore discanding i negative.
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2-21 Pasieurella mullocida on 8% shoop
blood sger. I} il a somewlil GostRdeus ok
that grows skowly on 5% sheep Ilood igar as i ound prasyisd

pon eyt cobmy, 10 s axidase o catalase-posinve sncd
produces- indkehs e oonithine disc ko vl

Eikenella, Kingella, and Capnocytophyga spp.

85-28 Elkenelis corrodens on 5% sheep blood

mpar, Microscopically, Eikenells cornmbens are tiny goarm-nog-

atbve Bl They are fastdious micooorgniams and thei
growih iseobanced by OO aod the X Tactor, The mis rooeg:in

il rimas o 0w abieep bboved agar aid pils of cojukes e
aggier suarfacy coboimy ediies end G spreid. The coloink= andis

Hingaasdied by e Do hibibe ador, THe specks s onlidine pos

kthwe! i citilsie-negatber. This mderor s does mol g
opp MacUonkey ogar and Is indode- and uresenaenthoe, Tt does
reclusce pbeai v srlorie il prodoces hsine and omithine de

cirhon g pses

8-23 HKingella kingas on 5% shoop blood ngaor.
Microscopically, Kingefly spp. are phimp. grism-nognihve oo

gurse 1l theke 1oh-
LiEey o fielbin ."|':|.'-'.f.'|l winlel, Colombes e oxldises-posilive

curbacll wemd cudy mppeir s e -l ve b

i eslahiie-negniive. Cobonles of Kberelia bingar o beta-
Mernusbyiles Goneh (e spechis b inckale- and nitrite-ncgative.
IThey ari
irytar ks varinhbe.

uistininms microacrganmems; growih on MacUonkey



B8-24 Colonkes of Kingella kingae on 5% shoop
blood agar showing -hemolysis. | L hgon o
the very distiiict bela hemolysi doglayed when the ogar plate

i bt wip ton laghi sounee

Dher Griir=Megative Orgembing i |

8-28 Colonion of Capnocylophogn on 5%
ahoop blood mgear. They e [eaidious, fnculiotive snoer
inpes el oy G g iy el calonics alier overnighi
Eroiwth an blsed apnr, Growth s onhianeed e OO Calonies
are sl qerongleng ot aflen reguis 48 hours ledetect distin
cibaries, Nicrmaeophenliy, Cdapracy (o spr e thin., grass
negative el with pointed ends. These micronrganisms
were previosly, clicdfied & Ructeeld spp, ied s CDC eroup
=1

9-26 Capnocyfophags on chocolate agar
Croarth o chooolore gpar shows the effect of 2liding monlliy
api L cosl oribes prodiced by these msroscgankams. A Him s
ratnding the colonies s characieritie for vrowih of this
i+ e T e miberoorgnnboms do got grow on Meg
Cankey ngir and ore catalade-, ovidnse-, indele-, ind areas
16 iy o 0
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Campylobacter and Vibrio spp. (curved gram-

negative bacilli)

! . “ s WY
#8-2F CGram atain of OCampylobaciar spp.

[=12E0). Mirmcopienlly, Cangwlabeorsr spp appear 04
curved. commn-shaped, S-shiped. and gull-winped grim-
e bl These shenes restli Trom fwe ool remadining
attnched offer division

9-28 identification of Campylobacter jejuni by
nalidixie acid susceptibiity. This mcreorginim
grmas hest at 4250, bt will not groww st 25°C 1 i ou-
crixicrophilie. roguirmg 35 bo 15% 0 and 3% 10 3% O, Se-
bective modio o0, CAMDY blood agar) & reguired 1o slale
this organism lrom mixed for 18 i oxdases and ilicalispost
e wnd wrea-tegntive. A distinguihing characteristic ks
sisceplibality to nalidine aced liop skl aod ressiance (e

ceptrabotiion (o divk),

8-28 Compylobactor Jojunl on TSI slant with
lead scetate etrip. H 5 & dedectiad wilth kad acetule pa
per. but nat (i the T3 medbum. Crmpgefoleior Jefoe b by

dridyees hipparale (Figure b-14 oo p, 20
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B-30 A, Vibrico choleras on 5% shweoep blood agar. Cidoicsol Vi dolior grow well om most routine bdbor-
tory media, Growth (5 enhanded by addition of 1% Nl Vibrie choleror toderates 3% KaC), 5 oxldise-postiive, ONPYG 18-12) in-
doles, lysines and groitline-positive. B, Vibrio cholerse on thiosuifate-citrate-bile salta-sucrose (TCBS)
ager. Colomics of Vibrio chelenre appeair vellow due 1o sucrose fermentarion on TCRS. Most other grame-nesative bacilli ane in-
hilthiexl,

8-31 A, Vibrio parahaemolyticus on G% sheep blood agar. Vi parahecmolyticns does require Mol for
growth and can tolerate 5% NaCL Colonkes on 5% sheep blood agar are approximutely | 1o 3 mun in diimeter doll. ond can as
sumi o pale blue-green color, Colonics grow well on MacConkey agar, are indole-, oxbdase brsdane-. and profithine decurhoxvlse
positive. 'This species levments glucose. maltose. and mannitol. This organism has been assoclaled with wound infections mrd gas-
lrocnicritis. @, Vibrio parahsemolyticus (green colonios) and V. aholeras (yellow colonias) on TCBS.
¥ panphaemolipfions Cogs nol fermend sucrosss this codonliss are gric,
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Nonfermentative Gram-Negative Bacilli

9-32 oOoxidotive-fermentative (OF) medium.,
Becteris ncorporite carboliydrates by bothooxidative and fer
ikl periliveiys, i detetisd T OF mediam (Hogh and
Letfiom™s) with bromibyrnd Blue pbl ndicutor, The ow pro-
idn-ie-curhohydraie milo o OF oushio provents the neodmt
dation of weak nell by alkaling end-prockuss, The microur
piinivos  described  In this section are oxklintive wrnd
nonacidative gram-negntive kactll, The tube o e ledl con
tiins the bosal miedivm alone: the ofher two Tubes contaln
dextrome. A nodtive test (oxadntive ) s fndleated by o yellow
outbor toeriler Gl b gl & negatve fest | noooxkdadive, ponlier
mreriiaieel shivws m polor chanige (greon, et lals) Fermens
tal e mulcroos s produce i il i botly the exidanive

ogemn ) s el the fevmmentative’ iube (0ol Litld Wwath anisiecal

--i"I_IH'*f1 LT

Pseudomonadaceae

9-33 A, Peoudomonas seruginoss on 5% sheep blood agar. b exdeios of B arruginess on Bloosd i are
ivpicatly yellow-groem and betn-hemolvte Flugrescein plgments are produced by some specles. bul pryockasnin (blui-groen ) plyg-
ment b prostoced by P orerugiooss abore. Mint colonies have o distinct grapelike odor due o aminsicetopienone. B aeriginos
vy e distingidshed from ol speches by s ability o grow ot 4270 By Pesudomonas asruginoas on 5% ahaop
blood agar. (hkjue [philing demnomsinles o wedallic shen un Lhe surface of ¢olonies



Conkey ngar. Flal buc-gren colonics with very distnet
feathersd edges growing on MacUonkey sgar. Colonics grom
well ot 15°C aerobically. They will also goow an 2570

9-38 Pasudomonas aervginoss on TSI slant.
Ui a TS agar slant Peeidamorad aerininosa appears a5 o bloe-
green, somew bl metalliy, Suorescent layer of growth

Other Grnm-Negafine Crgonilseny. X3

29-35 Pigment production by Peewdomonas
aerughiocsa. Two stralns of Py iber g grow-
ing oo MacConkey agar The cod pgmeni is due 1o the produc-
tivn of pyorabrin, o nonflooresomi, witer-solubbs pigment
i thee yellore-goeen eodor 15 due o pyosvanin. o Sudrsceni
winler-sisuble phgmenl

9-37 identification of Pasudomonas aerugh
nosa by charnctaristica in GNF tube. The N7 Sy
b | Remel Loboratories, Leneyn, Kan ) |5 used for the ldentifi-
entidn of prom-negntive bacllll thal do not belong 1o the
Enjerobacteriaceae. The system consists of the UNE (glucose
N s-Aucresoein) ke, the 421 tube iPigure 9- 18) and the Vni-
W/E-Tek plmte (Figure 9-39). Thies sleroorganism peoduses a
Mporescing pigpment (uder o Woods lamp) The red acea wn-
der the coastriction indicates N gs production. £ aeruginmm
does nol kerment ghaoose,
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8-38 |dentification of Psoudomonss aerugl-
rrosa by ONF, urea, and Peeudose] (42P) agar,

I e ligare tie GNF sland desoribed i Figtire 4= 35 = on the
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tefn, o posliive ures stanl (Figure 3=1 fron ] B the cenler
and 421 the seovnd pube ol e NOF screen, on U rgght. The
2B pmeilipen, alay biown ae psoadoss] agar, n inoubated 6§
F250 dor 1N b 4 heurs. This migroorgardsmm geew al 270
and produced the blue-green pyosyanin plycieil. Bassd an
thhir piraiicthons o thibs Bgaere, e oplgnoo parise cir bodelind

ity Bt ied s Perudommomns aerpginos

B-40D
blood sgar. Lharictersie oolonle of Parudamonas i

a1 3% sheep Mood agar are bull=colored, dry, wrinklpd, &nd

Pasudomonaes sfuftzer on 5% sheep

adhere 1o fhe amar surtace, making it diffboull (9 romaT inem
Irosmy Uhe piate. Aost olraing grood ot 4270 and frecode nifrales

REF MALFURIETD [ReEN,

2-38 |ldentiflcation of Peseudomonas serugl-
noes by Unl-M/F-Tek Plate. (o Upi-%F-lek plale
| Reied Laboratorion, Lenexs, Kan. ) a1 3 ek unil conmssiing
af Has midede. o corbolmadeaie copiiol, gluooe, syiose, i

rifod, factise, mblicae, Gcotinmide. esculin, wrea, THRsE, tingd
(PG (Flgare 812 on'p 590 Reactlivis for Psemdamoag
T L AL T
GLI Xy

MAMN [ FLT Al WET

' " ¥ ' 1]
18 lren Bsase  ONPG HS [ ]

B8-41 Sphingomonan (farmarly Pascdomonas)
paucimobilin on 5% sheap blood agar. | olon|osn
spenisige Rt et o 5% sheep blond mgar are s

nmdl pelhvwe-plimented after 34 hours of ncubation. Thi

sncoes was provioudly known as Parndomonas paucimobilis

ardl U0 geodp k-1, 10 6 g diver-gromineg mictoorganism o
1540, Wl optimal groswth scours al W0°C
ganisar cocs nod groy al 4290 of an Madlonkey sgse 1 kW

omidage-. etculin-. ORPG-, and % asepositire omd fitrate-

LS IIECTOO

i e galive
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B-42 Stonotrophomonas |Xanthomonas) mal-
tophills on &% sheep bloocd sgar. Colodice o
Mehoi regthormmars maltopinilia on 5% sheep blosd agar are
chartrouse to lvender-green and have a characteristlc strong
nmmonia odor, Lnlike sther peudomonids, s spockes o
idage-neputhe, It 15 resistant o prunery anibmboroblbals, al
though trinseths prim-sulfanetbouole b wssally elfoctive

8-44 Shewanoello

iPacudamanna) putrefa-
clens on B% shoop blood agar. Mhoamelln bk ihe new
poius pame for the microcrgimiam provhonsly classified ps
Freumlomanus putrefrciens and CDC groap b, Colonies of She
wiinella putrafeclens on 5% shieep blood agar are slightly vis-
cones-and mucosd and pinkish s red-brown or orange-tan in

Other Gram-Negative (rganisms NS5

8-43 identification of Stenobrophomonas

(Xanthomonas] malfophiia by the Unl-N/E-Tek.
Reactionsfor Siemol roghimmoms rafoohili dre

L EA ) MAN LAL WAl ACET
ik i ] i - |
s l'rea DNase ODNPG Hps sn

' - 4] il

g 18

8-48 TSI roaction of Showansila |[Passudo-
monas] putrefeciana, The Loy charmdlerisie tha differ-
entintes Preadoimonas putrdfackens from frequently encoun-
teved nondermenters wd other relited microorganians is its
ibilily to produce lorge amounis of 11,5 10 TSE or KIA dante,
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8-88 ONosoe agar. roduation of e cosyme I0vases,
which bvdrolyees BNA, moy be ueed o diflerentuite nanier-
menting gram-negative bacterin bs well s Soogdlocoocs -
it Jnew Serranie marcercene This Dixase vest medoum conlians
pobiibdire Bibe compplesad vt DAOA, Hydoplysis ol DRA I ihe
iroculded mberoergndsm cakses-chiangex of siruciur: of Lhe
dye 1 vield o pink color, Tohukiine blue may nlibl growth ol
T ﬂ1:.|'F||IFF'.][!|_I]'|'|_\. i) r"'.;]l_lh'\\. il Pkl '.|1|r'.||.'. N |I."-|I'l.‘
with another o b

Other Nonfermentative Bacilli

8-47 Acinetobacter [Acinetobacter cal
coaceticus var., anltretus) baumannil on Mao-
Conkoy agar. Aok iobe o ket was lormerh deske-
1|..]||_'|.r L T |'r.||'.'|_':'.u i .u‘| Ui Ve atefratea. o I.f'.Ill |
vl Horeliea vainicoly, and Mima pofipnorpiie. They do not
prisluce a plgment on Mood agar. but appear (wint pink on
MocUcitked wisar, i shown in Ut Bgore. They are oxidoe-
genad bt rmleepegatoes Micrcscopleally, these wmicraongisms
oppeinr b copoubacalll. predoormlimitly o pais and for this
rissson ey harve been confused with Nefsseor and Sommoke
S

8-48 Flavobacierivm meningosepbicum on 5%
asheop blood ager. Colndes of  Fldvos Termm
piE e R e e 5 sheep blood agar aller 43 hours of In-
fubsitlaon are dpproxkmately 3 mm in dameiorn browih on
MacUnnkey igar b vambnble, ind most sirains are oXidise-pos-
e T b spieches b indode-, eioniin-, UNPO-C and D kee-poi-
e, s nasgatihg sy poemadile




9-49 Burkholderin [(Pseudomonas) cepocis
on MacConkey agar. This shedles [Demerhe known ds
Perislwnonas cepacty, prows sowhy cpecinlly when recoverod
froomy eyatle fhroscs potients. in owhom o s o8 stgnillcam
pathogen. Colonies on MaeConkey mgar are often bright pink
of red aller proloaged incubation (s s hese) duet te lae
tode obdabion. The species is erchiboc -positive, althaugh marn
sirains display @ veak ooodase reactivity, Most steains wre -
disie decarbioxylase-positive and oxidize n niember of sugars

mclhucing At ose

8-50 Leglonella pnoumophlia on buffered
chorcoal-yenst extroct (BCYE) egar. HUYE sgio
o selective maedium for the recovery of Loghomella spp This
BuilTereed onasdhuans is Dl agar ol chofoe for e molation of Le-
horelal wpp becuse 1 contalns e requirements for eptinml
gronath ol this imileroomglinisms Lo, B sl annd a gkl
al A5 Antietios are udidiad to ol the growth of ot
micherin, Grinw i appiars o 2 to 5 davs, and e codinke aie
ircadoe, glisdenabo g, eaiire, dnd msastire ot 4 o usshewn
b

(R hver Lamrn= Nt fre O gannd e

i




CHAPTER 10 Anaerobic Bacteria

naerobic bacteria are unable 1o muliiply in the presence of atmospheric oxy-

en. although thev have varving degrees of oxveen tolerunce. The pathovenic
B S ! YiNg GCE Via P B

strains are divided into two gronps: expgenous pathogens. primarily the spore-form-

ing clostridia that live in the soll and contaminate wounds or sporulate in loods Lo

cause disease; and the endopenous pathogens, normal inhabitants of human

mucosa or lumens that cause disease when they enter a normally sterile site after
travwimtic breakdown of the normal mucosal integrity.

Specimens must be protected from air during collection, transport, and laboratory
handling to maximize recovery of these lastidious microorgenisms. Becuuse of the

time and resources necessary 1o perform good anaerobic microbiology, maost lab-
oratories limit anaerobic processing to specimens likely 1o harbor anaerobes, such
us abscess uspirites, deep Ussue biopsies, and specimens collected through a pro

tected catheter system.

10-1 Colonies of Bacteroldes fragilis on Bru-
celia blood agar. Dacteroules oo as well ag other nnaer:
phic gram-pegalive bacilll grow best on this nonselective
medium. Agar must be supplemented with bemin and vita-
mtin K1 boesuapgonrt the growith of many species of anaeqebes,
Thes® golanles eppesr s elreubir, entire, and rolsed

HY

10-2 Colonias of Bactaroides freagilis on Bao-
teroides bile asculin (BBE) agar. This medinm oon.
tains gentamicin to tnhibit Goulative gram-negative backl)
Bide silts inhibit most anaevpbes other than those of the I
frogifrs group: which grow as hnge, gray o black colomes-due
e el ladrobsies of esculinin the meditm



10-3 drowth of cloatridin on agg yolk ngor.
The production of The eneymes leoithinnse, opague while pre-
ciphtate extending frim the colony Inta the mediom (dght
ride), nnd Hpnse, indeseent sheen on surfiee of coloeny (40
rice) 1% teveed Do differentinte among Ciosfridiusn speciss and to
Bl dcdomntal v e 1 pishag feriien species,

Slenderole [Ro bl H9

10-4 Nitrato disk best. To losl for ceduction of ciirate
i nirde, a nitrale-logeeprated Qter pagaer disk & pliced mite
thit brvonu lume o an amaecilbdc sabeuliure of the il ymm
b, AR e A s hewars incubaition, draps ol the nitegie reagents
sulfonilic goid and alpha-nanhihvlamine. are silded 10 the
disk & red eolor indicniesthe pecsence O adlnle

10-5 Spot indole disk teat. Toicst for proscnce of the
grxvme trypltophanise. n plain flter peper disk s pleced on an
wpes ol growil of & microorpanism on 8 medium conlaming
Ly ploplien (euch s most Blood agar bases), Aler Ul disk hiis
boceiie mosl 15 mindbes) a drop of paradivnet fyiamino -
miaapsldelivde ix placed on the disk. A greenisbi-=tlhae color podi-
pliles the presgnee of indiole, & breakdown product of (e plo-

. Indide is ised 1o help differentbare among. soime
Frsobacieriun, Prolenfbacieriemr, Parphpromunne. Previfelis,

sl Pepri el e iani virs s

10-8 Sodium polyanothol sulfonate (SPS) disk
test. Frproddemiococcins anaeroblin 18 the onlv anacroblc

grium-posibee cocous thot B inhihieed by 5175
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10-7 Specinl potency antimicroblal diske for
prasumptive identification of anawrcbos. |Tic
pallern of susceptibility o the Lthree antiiode disks
R ey | 10D b, cusboctinn [ 100 i f, asnd vascomycin £ ja)
coft help différentlale wmong anaerobic penera using these
crileria:

Mlke reorpan m bype Hanamycn  Vancomyeln  Colistln
Cloagtridtizm 2112 5 i
Flate £t framtilis gronap Ril} B
Har terokle s mraatipticus L i
wronp

Persodwiitryun spocies 5

Cr-

N

R
Leldlone [ spevies R
Parpliuinormicmas specles H 5
Prevotellt spocics i R
Frplosireploveiros B3 .
i fdeg

by grmun-positlie gl 8 X K

10 S shrnine e Kandavnain-oesisian

(21 Wovierinble: B, reststont; 5, suscentible

i3) Raory sirulns are susceptble
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10-8B A, Baciercides fragils on Brucsilla blood agar. The larpe grog misoodd colonkes and ressstance 1o nll thiee
potency disks deseribed in Figire 10-7 are rvpical of members of the B [riglis grotp. The extra filter paper dizk 15 for performmance
of ihe nitrate (esl. B, Oram stain of Bactercikdes fregiffe. "ale-2ainng sram-negetve bacilli with roundsd ends, Bogh
pleomerphizm and irregulandy i stadning can be observed in this saeear (2 ] 250),
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10-8 A, Gram stain of Prevofells melsnino-
genion | 1280). Smill pleemombic, pram-nadive oo
e B and bacill cam be oberwed in this sear, & characters
IstRC mppearnnee ol Prevole Bl i chenrrogen a, B, Prevotoflo
melaninogenics on Brucells blood agar. The
Uil dard-appeanng oolenies, redstant o Kamamyein (less
than L0 mon seee of inkibstion) el vancommin, will Tus
resce brack-red under wltravholet lght (Woods lamgi, B Pre-
viriella melaninogenica on Brucolia blood ngar.
After several more days of mcubation, e calogbes will ke
o & dack brown 1o Black color. due b aestimdbt ben of hesie o
the medim

10-10 Bactercides fragliis ond Provoitelin
melaninogenics on Bactercides bile eooulin
(BBEE) sgar. [T Prevoicl species was seaba on Ue ugp-
per hadl of the plate, bt growih wias Inhibived. The B femliles
Fruari s grows profusely. displaying o typdon! grow procipiiale in
the s sunroandiog the colonie
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10-11 A&, Fusobacterium nucleatum on Brucella blood agar. The drv whilic, breaderumb ke
colomies fone colony variant of this speciesiand the antiblotic disk partern (kandmyein- and colistin-susceptibl

vancmmycin-resEtant | are suggestioe ol B aanciaasiogn, 17 indole reagent s added 1o teeoxtrs Bloe paper disk o e
pate, the disk will torm Dloe becsiise thik spsech= s indok sl B, Oram =tain of Puscobaciorium
mucleatum (<1280). Pile-aining. long. shender, primencgative bacilli with tapered polinted eods deron

strating ihe characteristke appearance of Fuseactiriton muclaatio

N

,_.r'_".___"-"—-..

1018 Pespltostrepiocoocus anaoeroblius on 10-13 Peaplostreplococcus magnus on Bru-
Brucelln blood agar. This gram-negalloe cocous db- ocalla blood agesr. Thiz species has lny colenies Bul Cmam
pliys medivim-sieed gray colonies. realsiance (o knnancln sty vields Lirlbe. muieroenes - pEReaTiig pramt-posilive oo

ana colistin, and s ~..,-r||r]} ilify b vsengomycin

I b suscoptibee o kamamycin and vamonmycin amd mesitini
P eodlistin

10-14 Sodium polyanstholsulfonate (SPS) re-
sistonon of Peptostrepltococcus magnis. | olike

B e rofeline, P tarices 1S resistant to 5P




18-15 Colonies of Froprionibacierium scnes

on Brucells blood agar. [Tese voung coloics ane
sl and white bo-straywhile: howeved as they ape, they can
wppeear vellowizin They lave been referred o us mmecrolile
dightheroids bevcause, when stained and expmined micooscop
ically, ey resenble diphtherolola Propeiialbe beriusm s ume
indil-positive, as seen o1 i phine. and cutalase-pasdiive
When i anieroddc diphtberold W catalose- and indol-pos:
Live i can be presumptively Glentilied s Progvacnibo tériin ar
[T

1018 Aeverse CTAMP lest for presumptive
identification of Closiridium perfringens. . -
frimpeiis b stréaked vertically, and Sireptocovrns ggentn e is
sirviked focieontally w0 this st The hemedysis of e
chosiridiun s syoerghdically enhianoed by thee hemmaslvsin ol
Lhie pbreplocooous L i o romvEreacl-sliapssd paster,

Lrateriofls By terfu 93

10-18 Gram =stain of Clostridium species
(= 1RO} Cells are pamallel-sded, rg thin, gram-virdaide
ard some stoow' swodben snds rdhciiive ol spove logmation.

10-17F Clostridium porfringona on Brucalia
bBlood sgar. Colonic diploy the double-zone of betn he

mnibysts typlenl of this sweckes. Colonles are lrpe with pesked
errilers pnd rrepulir tdpes nlter 4% hours incobatjon

10-18 Clostridium perfringens on ogg yolk
mgar, Lolopies and sucooailing meedhun display e ex
parding white precipitate stimstkaded Iy heeithinas: progdue-
Ui, typbcall ol i perfiringrils
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10-20 Closiridium difficile on Brucwelis blood
ager. Uolonies shiw the special polebcy disk paltern iondicn
e o @ -prsun-posiiive dertorganism. [his HMTIS His g alls
it vie i nyvaded Odor aed wtl Booeesce eharirowse ander l-
ght, Loboratory dingnosis of Closoeidiem difeily
dinirrhes wiually depends on deecton of the toxin in feces

Eramv vl

riither than nn Baladon of the microorganiBom,

10-22 Cloastridium tertium on Bruocesils biood
agar. This 2pecies also shows the special potency disk pat-
tomn indicative o i grm-posbive organiso, L ferfruen
of severad spocks o Clasfoidinm thal balile 1o grow aeroh
el Spores ane lovmed oeore pesadily, Sevever, during aceeco
baL o Lb

a‘;""l‘ / _'_'_P ?_

£

5% L1

| ] + :
ah ,

10-21 Cloatridium difficile and C. perfringens
i ega yolk agar, | e L. perfrimgens dapper Tl of plated
prosiucey abmiidant lecithimme, while the O diTAle | leer
duid| § growaes bl shows o peacilon

10-23 Clostridium tetan! on Brucella blood
avgar. Lrowlh on agor s clurmcterizad by swarming, such
thaid prowth will cover the onilre plate inoa thin Bl within s
It fls

10-24 Gram stain of Closiridium paraputeifi-
ewm (<1280}, This microorgank=m dspluys terminal,
swollen spores’ and the gram-variable staining typienl of
Clovatridinom species. Spores may oot lake up the stain, so they

May Eppenl as cleal anras



CHAPTER 11 Mycobacteria

he Muycobadcterium species Include the Mycobacterium tuberculests complex and

the nontuberculous myvcobacterta. They are stender. rod-shaped aerobic bix

terta that regulre special media for growth, Acld-fastness 15 4 key characteristic of

these bacteria. Mycobacteria may be divided into slow and rapid growers. Slow

growers require al least 7 days of Incubation (o produce visible colonies, while

colonies of rapid growers usually appear in less than 7

davs. The rapid growers may

be conlused with olher related genera, Corynepacterduon, Nocardia, and Khodoroocns,

because they may be partially acid-fast

11-1 HKinyoun's acid fasi stain (= 1800). Myrobac-
leria arg feadily stained willy carbol [uclsin, which baods (e

orveodic aced i Lhetr Bpdsrrch ool vralls. This stain cannod be

PETL Ldecod o beed ) with acld daki i i, LVicsebore,. Uhie
|~ - g | HY ) - et
i O isriie e r el Ly s bend-last There afe 1o
o
Wit i lawet =aine, Aehl-%oelsen PNL amd Klopvoun s

Thie differemndye b tha e 2N =iiln reguloes hieat doarkise the
talaing peocess boents® the phened conomiratlon rsed b less
than in the Kinvouns method, The decolorier, aeid alenaho

i the counmtersinin, methivienes bioe, are the seme lor bath
micthosds, When staied., acid-Tast Bacill stiln féd and the

biwckground is blue, asshown b

11-2 Auramine fluorescent stain (-1280]). in
U el b lusteescent dyve by esed Lo bl Lie mvvobic acd
in the cell walls ol moycebacterts. Both ouramine and th

gl e e Disrochirones Ueat can e ased Do slain mycobas
tertn, Whon stained with o Uoarocioromes, mvcobactertin nmne
bright yelling | aipmuming €1, o5 shown beme o ofs oge-mneg
irhcidinendried, with i Black backgronmad due 1o/ the polsssiiom
permanganate countersiali i Ihi mivantag al the o

rochieome dtndn 18 that the alides can he canned using 5 225
abdective, mstend of the = 100 pil-fmmersion obpective Ll =
regiiired o examine carkssl [uehsin=stiined smenrs, This
o mmmgnification nereades the viewing Held and decnéases

LI Feahdinng LhEr




Yis Cadinr Atfus oof Iegmmesthe AT rablindosty

11-3 M. tubercufosis on Middiabrook FH11
agar, Colonics oppenr as créamecolored, dry. nnd wrinkied
Likddiebrook TH 1T asir s wideby used mediom B the taola-
ton and entimberoblal suscepibiliny tesing of mycobactenia

Although ssmilar 1o Middlebeook TH10 agar, 7H1 1 ngar con-
talns cascin indrobvsates- that mprove the recovery of omi-
gni-reawiant strams of M hbercudosis and shioriems the b

baabion time for AL, avigan conngles polates, Seen bord B amough
colony of ML tuberafonds grivwing on Aliddicbrook TH 1T agie

o %

ay

11-5 Colonies of M. tubarculosis (=10). Vory
voung colonhes (less than 17 divs old) growing on Mididie
brook THT mpor Viewed microseopically, the very besinning
al the cprding charncferiale of ML tabeninulon can be ob-
serviad,

11-4 M. tubarculosis on Lowsnstelin-Jensen
(L) mgar slant. L] e s boen wsed os the standard for
(solnting mycobacteria;, T contains coaguinted whole epes
ghveerml, potatn flour, and salis, Malichite groen is sdded o in-
kit the growth of contaminating bacteria, The dizsndvaniape
of this mediogn is that it becomes fyvdeolyzed when contam:-
nants do grow on it wnd the culture must be discarded, Ulus-
trated here are rough. buif-colored colonics that appeared
within 3weels, tvpical of M tubeirlosic

11-6 Colonies of M. fubesrculosis [=78). (1da
colnaiden 18 1o 4 weeks ald) provw g on Mddlebeook FHL
agin The colonies have & roggh appearmnos aoad ex bl cond-
(e enemplified by the darker areis



11-7 M. avium on Middiebrook PH11 agar. 1w
distimet cobooy tvpes of M.osviimm are shown on this Middle-
brwok FHIT agar plale: o sanaller, snisolh colory that s
wightly opaaguae and a lnrger. roagh colong, Pure cultones oon-
tninhing both colony 1y ame characterazic of A, avin. In
st cases, M, iz stenina-con be distingoished from other
M. vfm-compies microoeganisims, such as M. figrecellnlane
Iy thelr ability o grow o 455

11-8 Smooth colony of M. avium (=18} Moo
sermMei iy the samoed 1 colony Gy pi Caim aapear i i TEin=spm
e Iy st Fibet oo sl aarggtnes aas shown heoe

Muwobarteria 97

11-8 M, avium on LBweanstein-Jonsen ogor
et M ortvsi does ol grow well on L] agien 1 appearsm
Wibiws anftees % fo 0wk ol Tohcurdast o, Cislisnies aird BoiT-colorsd
i shown bere, but mibech smaller thin M, tabenediods (com-
pinre with Figure 11-4)

11-10 RAough colony of M. avium [<18). [l Lew
of the rough colony hasa characionista “hey™ appeinine
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11-41 M. kanaasi on Middiabrook FH11 agar.
M, kirsesi! is 0 photachromopen, group 1 of Rimyon™s clas-
ification. a classical method [or differentiating the myce-
bacterin, Growth appears on Middiebrook 7HLL agar in
approsimately §oweeks. A chisracteristic fsature of the pho-
ok o b their depencdenci on exposure (o (Tght for pig-
menl produciton. . Shown here are (he rough. wrinkled
colomies af M. kasasii bofore exposure to lght. The colonies
are bufTcalired

11-12 M. kanaasil on Middisbrook TH11 agar.
Following exposure to lght for a lew hoors, colonfes of M.
Farsasi! have a srong vellow color. Furiber characteristios ol
M karrsasil Incluide a posdtive cataluse repetion. reduction of
alirmte Lo mitrive, omd rapld Mydrolysts of Tugen 840, g deter-
pEnl.

11-132

M. knnoasil on Ldwenstein-Jonsen agar.
The shant on the left was exposed o lighl. resuliing (o the
strontg yillow-colored colonies. while tie stant o the right
wiik ot exposed o light and the colonles remained butl-
cnknmed

11-14 Colony of M. kensaell |« 78). Mioomoopoally
fhie f-womsk-oll ool growing on Middk=braok ZHLD agar
shows o dark. dense center and o wrinkled periphery, o chiar
mcterisie of AL sl
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11-18 M. chelonaoe on Middinbrook 7H11 ngor.
Thih mipld grower cien appoor on eultre media within 2 w4
divs M ochiedonae helings o the AL farfaipmy-rfeeloman vomj-
plex, M. drelonire can by distinguiched from AL frtuinen bes
camse i does pol roduce nlirmtes o assinmlate inon, but it &
sugceptible lo pobvoivxin 1 and resiaand to ciprotlexacin.

_—

11-1F Colony of M. chalonae [ «20). bxom oot m
eroscoplially. 1he colonkes uppear dark and devso with spoaoth
celpt ndl isomewhat Bghter cemmee, s showe here

s, Py W we
: A2

11-18 M., chelonae on chocolate agar. [ -
fomme can griw oo chocolate agi aikd apgear as sl
wipacie Colonabes resenn e staglvhcocsl oF yeisl Bk
Thase mdcranepmning con be socuted with =k Dlectkns
abil citn be ool morphoabigically with other bodntes nlso
sl with skin bifeciions, defimitive Idestifenibon of
siichy eobomies bs needed. Alihough they are not readibe saniped
By the Gram sialn, they ey dppear as weakly siining
bembed, srum-poshive hocilli, sugpesting the possibility of o
mpdly growing myechacterinm

-

11-18 M. forfuliom on Middiasbrook FH11 agar.
Thie raypidby erosing: rotgh colonhes oee s aller § days of
incubption, M Grtuleen cnm nbenozeowr an modiiled Alae-
Conkey o, vedthoot erpstnd visded, ot 5750, af & 550 oa F11 )
aeril D3 o] b S MaECT 0l 379 These chirmatemiles help Lo
btingiish this species from AT oy oy
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11=18 M. forfuifum on  Lowenaisin-Jdoensan 11-20 Colony of M. forfultum (x20). |he rough

agar. The rough colondes are shown growing on L] aper colony of AL fortuffism olservs] microsonpically with trans-

iiter 1 davs ol incubation mitted Hght demanstrides o somewhat smocth edge witli a
vEry demise coiiler;

11-21 M. gordonae on Middlisbrook FH11 agor,
Vellow-oratgr plymentod colimies of ML gardonn. This specks
bebimg to the Hunven group |1 seotechromopens. chamode: 11-22 M. gordonae on Lwensisin-Jensen
ized by pugmented cobonies in the absence ol exposare 1o light agar. The yelliw-orauge rgmenl s sbo produced on 1
Lidumsy groawth oan appeds in 1 weeks My,



11-23 Colony ol M. gordonse on Middisbrook
FHI1 agar (=18} The cotice colomy s demse and dark
when exnmlned microscogscally with transmiiied light

11-28 ron uptake tewt. | he on uplahe leslos uaesd
undrly foy diferesitiale AL Grtitiin ammd other raphd Wiowers
fropn ML clieiimae A forteiein aod g capld grosys e
{ha mhility o evierver ] leorfe ampmckalugn elbrebe 1o om i o

i, The bron ol 15 visthle im0 neddisl-drow'n or Fust ool
it Khe colonies. In this Hlusirnibon. the tubean the lel s the
ikited wednhy ML bl

is newative: and the wibe on the righs, Inoeoketed winh AL e

negslive contmal e gonier b ins

futiarn. is the pasitive contrl

Megeobarteria 1

"__.‘..F‘
IF i -::--‘f".
] e
i

11-24 Sodium ohlorde foloranocs teat. o0
specicd of mveobacterin, mcioding the mpid growers exoept
can proww. mf 2850 onan cgp-based medhom
containing 5% %al], M, chelae does ot o el wehile A

Jortd pine g ey |-||_||||J

o ML ot downi

MHiacin accumuintion test. Mo st ol W
fenbery giiads, L sk, A somme sSrains ol e
LTl
[Ecin nto .uhf l-'.l“'.].r\." ﬂ:-l:';lr':l.ilﬂu “'n'.'ﬂt:‘['l“ FAPET MTIps Mpreg-
o] el subslrales are wsed (o tesl for nlaein, whisch reicts

11-26
Al L almcie-

the attenuated vaccine sirain of AL kaels, éxerele

wikly acvanigien ballde in the presinee of o primary unine o
produce n vellow ok In this exampde. m witich the paper
sirips wiere remrned alier color develppment. e Lcbe on e
lell e jasdtive (vt oppd thee Dube m Bie gt o noegialive

I '||.I| |.-\,-



cuArTER 12 Microbial Pathogens Isolated
and/or Identified by Tissue Culture or

Other Special Methods
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i2-1, B Clostridivm difficile. Cytotoxin call culture asaay ualng MRARC-5 ocolla.
FPhase contrast microscopy (=228} Culbuee for O QTR B highly sensithoe teebinigue but neol
viry specific, since this bacterium can be presenlt i asymoptoemanbs nalvkdials. For this reason. i
culture assay for the detection of the C difficil cvietovin B i one recommended laborlory diagnast
et b, Figure 12-1 shows the tonic efiect produced by focal supernimants containing toxin ndided 1o the
MHEC: 5 mionolayer. while Figure | 2-2 shows a conbrs menolay 1 which reuten sz intisera to the in

B has been added, preventlng developoeent of the cytopathic efficr

12-3 ﬂﬂ[ﬂmrﬂfﬂ' ftrochaomatia. Direoct Tuorom-
canl anany [DFA)} of cervianl calia [<1280j. [
perlorm this sy, oclls from the cndodoery r 1
with & sivaby, placed o a-ghves slide, ard fxed with soetong, A
porescein-labeled specific antibody is 1hen added and
specimen 1 exarmboed wxing o fuorescent microscnpe. Im phis

fipure, € rochomatis elementary bodies have been stalnes

R 1LR
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[ e I L, e 12-4 Chiamydia trochomaoiis. Direct antigen
daoteotion. There are severt cormet W B btk R
b s ¢ v Immo nomssiy seskema foe the diroet detes'tbon of
Yode 3178

. frochormatls, Por ench of the two psovs deploted here, the

i ! pechmen b= plnced 10 the lower windove of the cerd, The epdd
niprutes thrmegh Uee ber arsd binds 16 @ chiemiptlnl=ame-

S Ay T 1 =R
i w1 i Jine 1o the Bher ot the l=eel of 1

» e 1H .!I'!II‘H!

socorid wincow: S positiiee roacthor

1 restis i the bormation of

i podior le (sep Cardson e et swde foc coch system . Anotier

antkbody loceled in the hiller al & grealer dislsnce bom e

i srectmien winckaw by sl oy i contro] to ensure thial Uie sewes
CH AR Faliea=s Hr’.,‘h.ﬂ" Arimel W Sl LR i ure bl fhic spe

el vels imdgratid through U Blier

12-5;, 8 Chiamydis rachomatis, Shell vial cullure. Fluoresceant and horseradish
peroxidesse ataine [« 300, Hhell vials with McCoy or Hela édlls are freguently dsed lor e saolation
. tnichomaris from clinical specimens. Folloswing centrifuigstion of the sample onio the cells, the cell
nonciyers are incubabed for -8 hoors, Il viadse Chisrnzatdio were present in the sammple. they will maliiply in
b dells ol Dl mianlaver snd peoduce infracellular inclusioms. The lesd ncluskons can be staimed with 6
seresvdn-tabeled monoclnal antcsody (Frgare 1.2 55 o wlth an aotibody fabeked wth horseraidlsh peros
_-u'l|'!_.'l e | Falsd A sbm ;.";-:‘I'Ilr i m i a#d o the detection of Chlemmd T e nraE e mn Wlrmpe

Gl patinac
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12-7F-8 Chiamydia trachomatis and Chiamydia
prsumanias. Infected tisswe culure celis
viewad by transmission eleciron microscopy.
Large intricytoplasmic inclusions are loomed by (hlarmgdlio al

ter 24 1o 7.2 hours of mbracoflolar growth, The dementary
bodses are the nature infectious krm of (he arganism and are
dens, Compact, wosd medsure appeoyimately 300 nm b diam-
eter. The retivalate bodiesaee the replioaiive form. b o loose
dructure. and measire opto 1000 nm o dismeter, Chire:
terisibcully the inclustons of & ool surroumd the f-
cheus ol tho bavt ool {Clilanpgtio: from the Greek ~chiamydion’

meaning short manted | (Figure 12-7; = 27501, U prctimnaoiee
oy e mhtiple inclusionsFigure 1 3-8 3 27500 Soae of
the elementary bodies of C. prcunsonies may hive o pyrikerm
dhinpe [Flyguipe | 2-9; ¥ 35,500]),

137




210

112

12-11

Microbral Puthingeres Isednted and! or Mdentified by Tissue Crelture or Other Special Methods i

12-10-12 Mycoplasma and Uruaplasmo
species. Mwoplasmas are the smallest free-diving organ.
isms. Lindike classic bacteria they Lack acell wall and belave os
parasiies o Wee surbace el thee Bost cells bul mre nel Inimce-
bl Coroplen odii and tssae culiune 1ochnddgues nee dsod
lor their solatlon, [relasmma drrigtlenm were orkzinadly
maned T itiny) mycoplasmiy due (o the small sipe of their
prlombes, pRuilly 15 1a 40 um in dismeter (Figure 1210
wiewed throwgh o Bighe miceosconc), L srealectienen imduces an
ilkeilisie Color change | purple | without torkbadity i g medium
that contalns urew (Tigure 1 2-11, ol tube; controd fulwe oo
the right|, The genital mycoplasmay grow better in 5% (1),
and produce the typical fried-cgy appeardnce morphidogy
Figure 12-12 shows M. homimis colonks viewed through o
lghit mTusoope|,
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12-13 Ureapiaama wrealylicum. Transmlesion
slactron micrascopy (<« 7F,000). [he ullrastruciure
ol the mycoplasmas and urcaplasmas is pleomarphic and
lnirke Indistingt, They memsore 200 1o 300 mm by dEnmete

utd heve mocetl memb e, Bkl Doy oo pot hase A e wsal)

1214 Mycoplasmas and urcaploamas. Ant-
body detection by microimmunofluorescoanca
[MIF} bemt. lere we severs] apgronshes, lochuling com
plement e, metabic Inhibidon, amd Aooresenoe oy
iavs, or detecting antibodies 1o Uise micrporganl=ms, Far th
MIF e, thie sarum of the pistlent & remnited with colonbes of
trseopllsma presend on Whe slide, and antihuman flikeresocin.
abeded globulin & ihen added. This test s Gilely specific mrd
scrpsative gand dllows for the dedectlon ol ekl ws well os g

f |
AR




CHAPTER 13 Antimicrobial Susceptibility
Testing (AST)

umerous antimicrobial susceplibility test procedures have been described.

Qualitative tests, such as the agar disk diffusion method, categorize the bac-

terial isolate as susceptible, Intermediate, and resistant. Quantitative methods are
usied to determine a specitic endpoint. referred to as the minimal inhibltory con-

centration (MIC: the minimal amount of antimicrobial agent that inhibits visible

growth).

In the disk diffusion method, used for rapldly growing acrobie bacteria, o

standardized pure colture inoculum is swabbed onto the surface of a Mueller-Hin-
ton agar plate, Filter paper disks impregnated with antimicrobial agents are placed

on the agar plate. Alter overnight incubation, the zone of inhibited growth sur-
rounding c¢ach disk s measured and results are compared 1o guldelines published
by the National Committee for Clinical Laboratory Standards (NCCLS; Wavne, Pa.).

13-1 Preparation of atandardizsd inoculum.
Three to five coddn s of similir marphology ore selecred on o
cotton sweb [rom o fresh, 18- o 24-hour colture and trmns-
ferred into 4 to 5 ml Mueller-Hinton bioth or trypticase sy
broth. Either the broth 5 incobated (or 2 (o 8 hours or the se-
lected colondes are inoculsted into (.85% sterile saline o
broth withouot incubstion 1o produce o soipension of the de-
sired Turbidits, The direct migthod iz preferred for those mi-
oo parpksmne that are festidions ad have pnpredictable
groawith in broth.

13-2 Uning a turbidity meter to adjust the in-
ocukum. The sospensdon B vortes miked for 15 1o 20 s2c-
andds before determining ivs tachidity: A meter % used to-adjust
the inocuhom to o 0% MeParland turbidity standard. which i
equal 1o appeoximately 1.5 * 10" colony formséng anits {CFL)
per mb The tarbadity s adjusted to match the standard by di-
luting with sdditional sthne or broth,

107
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13-3 Diuk diffusion method - Agar ploto inocw-
lathon. A slet e seciidii i il
L prface of et Mucller-Hinton apair plote b swadehed
etyweed

fi ';':| T+l
criaking Lo eomiire cven distribuiion. The plate 5 allowed 1o

coblany suvald b il@bpped Inlo the
el o RSN R
e Lhimls e i '.-I|r|__' 1he |'|Ii|1-' AT
i e nt leost 1 m

L mirtes, bod na lomeer than 1y ounics

before npphifing Uhe dis

13-4 Diak diffusion mathod -applioation of
climben., [¥ sk ore applliod o dhe o gor surfaes asing g dispenses
Mer oy thien 1.2 disks s hodabd be ploced on i 150 mm plite. A

g TR T wls ol

L Euiies mracle comakact with the
I

agnr surinee becase nntimderoblol diffassn | O bniedi-

.||'\... -1|. fiid Hiat B

ately, Awar plates moust be meubated withio 15 mrnutes of Jid

applicatmm

13-5 Disk diffusion method

Siaphylococous
surgus American Type Culture Collection

STIPLER AEREEEILT 1S ea
aliper s, Hesills afee Il
Hi The

e

(ATCC) 2Ea23. The wone o
sured wsing o millibeter rihes o«
prebed ax susoeplide Oa 0 |

gbermesdiate (b or nesisiant

sl ol e sl | oo s e duiabesd ooy Bl snsders s ameen

b, oo el with o zome dre mesisasred s b mm aned an

abwavs micrprebad o pessstan L The microogenism feded on
iials AesiRher-Hl s bown axgginr plmle

I} [
bliid gerits

Ll T Uk o1 FR T | BT TR R o

13-8 Disk diffusion mothod - Eschariohiao coill
ATCC amE=:. T baili
st plite b berpioeted fis samaeplUle £55 (o all ot mlerobiad
it et B they sire mezloectllin
npibcilin LAM], Girfebiol
M) oephalothin (CF} - pennmim-

sarmmveln (M the three disks in Lhe cenier

e beslied] e Dl Ao ller-FHinion

'I"“'" H.1'.| |..'i'r' L ||'|.|.'.I.J'.
% VAT | (ST
taxhne 1C TR celurosinu

L T

1AM 1 (AL Crdin

by IO und L

i Lriimie hogriom s Earm ot oo le {SXT

bl el e actd 1T



13-7 Dink diffusion mathod - Paeudomonas
acruginosa ATCG Zrasa. (i thls Mocller-Hinton
ogar plate, the sdlole = rosktant o inimethoaprim)sul
Inmithommnde (SXT 1 mnd s 1-|"I'!'-5-' to all others: they in
clide cprofloacin (C1F), gentambein (GM)L amikncin (AN,
mtreannm | (ATALY - dearcillin/clovalanie ackd [TIAM), 1o
bramyctn (NN Benrcillin (TIC), meslocillin (M5, ceflinzidime
LCAY Imibpenem (IR, and piperaciliin | PHP)

132-89 Disk diffesion method- Strepiocoocus
pnoumoniae -secondary tost bottory whaon
oxaclilin in rosiniant [(less than 20 mm) to
oxooin. A poaemonst on Macller-Hinton agar with 35
shiep Mood. The lodate 18 suscoptible to vmmeomycdn (VA and
rifeipEn (RN ol dettermmedinie to climdimavein (00T The 0
Inte ks risdstnnd bo the rempining apeois owscillin (O8], &ry-
thrormcin (8 chlaramphenieal (O, and

trimet hoprimy i lamet bosanenle (5% T

foirneveline ITE

Amtirmicrolrial S eplibidily Testing {ASTI (L]

12-8 Dhak diffusion method—Psesuvdomonas
asruginoss, & reslstant strain. Growth on s
Muclber-Hinton agar plate indcaties thal the =olate i resistamd
po-sin ol the 1.2 antimicroblal agents and suscegtible o s re-
miaining,
It hoxmrole (SX1

he isolale b reststant o irimethopeimssul
genlamidin [GAM), mireomam (ATAL
dearcillin/elavulanbe acid UM el (TICL aod mes
lociilion INLE). The Bolale & susceplible o ciprofloxacin (C1P)
amikacin (AN tobrwmycin (RN (AL
rikpeecienn | HPAT, aod phperacElin (0P

celLmadime

13-10 E tost method — Strepfococcus pRsumo-
ke, The F iesn i AR Blodisk Sorth Amerien, Inc., Picnfmeg,
M} vses sirips impregnalod with an anzbode gadient (o de
el the NI of g0 orpaeism
i symirnetrice] Inhdbition elllpee (s formed. The sone edoe in-
lersocts L steip ol U REC vmloe given in pedmd, In; this ex-
the MIC of penicillin G (PG 18 005 p/ml intermed-

Wier overneni iIncubalion,

Llil"i":-"

aie | the MIC of cofrelavene (0T B EL ) 25 wadml istisceptible)
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13-11 E tost mothod - Streplocoocus Brraumo-
e, I'~l|- Aguire, the MIC of cefotisime [CT) & belween
RERTITS ol 2000 g, Thae M reported as 1)

i) |||||.m-|1|| 1 i% bmierpe

'|hl il
el i res st

i

T e G Ol B
n.##ih¢%'rﬁﬂi

&nixirii#
rw_‘wunnt HEI

Hntuuu_ tnﬂ:-

13-13 Broth Microdilution Method —Inoculated
microdilution panel. This Pasco microdilution panel
tfen Labworatcries. Detrolt, Mich.) eludes wells foe both
bleniifleatiin Wochemicals and quanthiotive antimic robial
syt ibiiey testiog 17 0l aotimicroblal dilotions show inb-
btk ol wromwth, tha enddpalnt i e thim or eousl to e bow
e cincentraion lestod, nssiming thal e posithe growth
potbedl exhibits growth. Intérpretton 1B bissd on NOCLS ap
prowed standnrds

13-12 Wroth Microdilution Mothod --Inooula-
tion of miorodilution panal. Microdilution panes e
sl Do iguinnt ey mirsure. the sgsocptibiiity of microor-
s tes i hottery of antmicrobial agents The oculiom |5
mixed snd potored 0t the Inocuhim sced tray. The inocidator
fips are lowered into the tray and the tips fled by capillary ne-
ik, The inoculator tes e then lwvered into the wellsof the
piarel, ok shomn here

L .3 H U 9,

13-14 Broth Miorodilution Mathod —interprets-
tion of microdilution panel. os-npvbed ol 20 wells
of The micradilution panel. Note the drug nume and concen-
traition i blue ik directly below the corresponding vwoll, Row'
I, left tochghit, the antmierobics and inforpretations are asiol-
s ampicilbnsibactam 1AS] = Bo growth [MICE3/ ]
pefmly clindemycin (G0 - po wrowlh (MICE2  pafmlk
ervibromycin (B « goowtl (MIC 24005 pg ol i oxacillin (00X -
gronaih [MIC 21 pgfmll vanoomycin (YA - no growith IMEE
<2 i,

R 2, ponstamnicin (0L - lnterpretiton: growth i all 5
widls, MIC b =% g mi

Fane' 3 tesbrsimycle [TOH
wells, MIC Ik =8 gy il

Rine 4, woedls | 103

inter predation: growih o all 5

crltebinworie IFRX) - dibutions, lefl to
rlghe, 32X, 16, and 8 pg'md I vierperetaibon; srowil o & pselml,
ros prowwibden 1Rl 32 & AT B T gt o]

Raw 4, wells 4 amd 5 rhhrr:jm;ﬂ'l-'lm'nl (Ch
to pighks 10 and 8 ugml. Interpresion:

s, kel
no griwih in elther



13-18 Automatod mothod Proparation of
standardized Inoouluwm. Severl nstruments oe auin

miled perfarmnce of ASTS are avallable. Propoarsiion of in

oeuim fere the Vinek (hioMereuy Vitek, Toe,, Hazebodod, Mol
sysiem s performed using the BloMerbeus Vitek colurimeten, a
single-beam photometer with o 4500 nm fhee The noculom
seespe e is viwrbeeed and Ehe Eurbbdiby s measared as shpam
i Ul shiche,

e
——
——
-
=
i
—

§
I

gl

Antiprsiereidol Susceptiiliy Testler (ASTI 111

1316 aAutomstad method--sanling the Vitek
oard, The sundardined Inaculom and the card conmining
the diluted antimicmbles are first placed inno the Blling mod-
sbe of the Vitek ionstrusenl Cince the lnoeulim i ikansiomed
fidiy the card by veicuum sucthon throdgh the plastlc tramsfoy
Lan b, TEwE Cdi

o Eosaled bn thif seiling maodibe, o5 shown hore

13-17F A Automated mathod-\itek card in the reader incubabor. (nce 1he cord has

heem wonbe

|, the enrd 18 Ingpecied for o proper fill and then it s placed inte 1he ceader incubalor as shown

here, The pesolts are derermined by the electzoiaritical detection of microbial growth within wells of the st

ciards. MICs are detecmined by statistical anabvsis of bacterial growih rites ln the presence of antimicoobial

agents. B, Incubated Vitekh card. [his Vilek Gram-oegathae sasoeplibilily eord [G%E-1A

i) fow

periorming A Toon granm-reiml v isibles oo wrine specimenis, Once the groseth control wiell reache=siha

iurbddiny theesliold, Hie lstroment reals e semaliaing wells, which contidn varleass dilitans of sentimi

rrobles b this slidie, torbkd wells iredsant ) aee shown i Ove o 1he six pows, while only elenr wells L

tihket are shisen in the Soarth o



112 Color Adkes of Diogrostie Mecrodaadiogy

13-18 Detection of belts-lacliamass produc-
tion by cefinase. Eola-locimmase enoymes produced by
bacterda break down penicilling and render the producing
siralre resisiant 1o penbcilling, The metbod shewn here detecls
il Keverwrr betu-lactamases. The cellinase disk (Becton Dickin:
widy Mierokdiol LTy :"::-"\.II'HI.‘\... l1i1|.'|...|":|"\.'|. ks, Al = HEREE :',;:].lt-."l.!
with nitrocelin, o chiromegenbs cepholosporin. Cobonles'of the
microoreanism wre rubbed oo the disk, 10 e wmice bomd in
the nitrocefin beta-lctam ring by bvdrobaed by o bet-lacin-
maae cneyme rom the microorganisem, the color of the sy
will rapidhy change from vellow toored

13-189 Poaitive beta-lactamass tset. | e pok
colonr o the surfice of the disk thatl was inoculated with the
test microorganivm indicates the poesenoe of bela-lactamase
[his test by used (o determine beta-loctamase wetivity o
stiipdiy locoeet, Hiemophifes irffuenzue, Moraselbe cotarriinlis
Wifserria gernorr oo, Nefsserkn peningfoldic enterocoocl il

eertnkn onneroble bacterts Includbng Bacerolibe spp,

13-20 Sochiichter test'serum inhibitory titer.
Diestermiining the activity of an aniimicoebial agont o the pa-
thent’s seruim fimy be asiEful Inocortaln nfections reguidng
prodonged aallmicroblal therepy, such o endocandini: and o
emvelitis, For the Schlichier lest the patient s seoum con
faining an antmlicrobial spenl = noosdnted with the padlont s
ownl Infecting mbroorganism, Afller inenbation, the in
kibitory titer s inberpreted as the highest diluton of the
seriim showing no visible growth, us shown oi the [ar Jefl
tube, wihile they other thiee tubes ilusirsts prowth of the n-

i R T R TR LA




CHAPTER 14 Mycology

dentilication of fungi is still based largely on gross and micrascopic morph-
logical characteristics. In addition to visual inspection, commerclally avallable
biochemical manual or avtomated systems; nucleic acid probes, and serolog-
ical reagents are used. The fungl are broadly divided Into yeast, characterized by
opaque. creamy colomies, and molds that produce cottony or powdery growth. Some
species. particularly some that cause systemic infection. are dimorphic and ¢an

assume either morphotype

This section presents the agents of fungal infections in a commonly used
climical clissification. Systemic or deep-seated mycoses ofien begln In the respira-
tory tract and disseminate. Subcutaneous mycoses are frequently secondary to
traumatic imphintation. Systemic spread of these infections is less likely. Superficial
infections are confined to the keratinous layer of skin, nails. and hair and in gen-
cral there is minimal host inflammatory response. The “opportunistic mycoses” usy-
ally cause infections only in immunocompromised hosts. The causative fungi are
common environmental inhabitants. The “miscellaneous” category Includes those
fungal infections that do not fit casily into the other headings.

Deep-seated Mycoses

14-2 Blaslomyoea dermatiticia mycaiial
phase. Lactophenol cotton blue preparation
(=800} Awshiown here, ul 25°0 in the mold form., the conl-

14-1 Binstomyoes dermatitidia colonies, L der-
atliklbe growing on bradn heort infoston agae with 105
sheep Mood, pentamicin, and chicrumphenicol. AL 25°C the

mald form of M dermatitidis produces whité to tan, coltony
colonles that grow fairly apidly in o wiek, With age they turn
dark brown, Al 37°C the veast form produces coeam o brimwn,
witinhled, wasy-looking cobonles (nol shien ),

disi of B, deriasttidis are rooand to ol with o baline smooth
wall. and are oitached 1o shart Isteral or rerminal hyphal
brinches giving the appearance of “tollipops.” The conidia
mensure 2 o 10 im in diameter

13
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14-3, 4 Yewast form of Blastomyces dermalitidis. Lung tissue. Gomor
mothenaming sllver staln (Figura 14-3, «1880; Flgurs 14-8, <1280) AL 170 e yeas)
ferpune il B e oriiar {0l i s s Undch-walled, spherical colls with i wide-based shingdee busd (Flgure |4-1).
Small R svay eocasisnadly emerge, particdlarky 3 tssae. which canol be essily differeatiited Iromm
pirptifaim (Flgure 144

14-8 Coocoldioldes immitls growing on Solou-
roud's doxtroso ogor. O il goows well oo
Sabourmsd s mediuom af 2570 Within 1 or 2 woeeks, the gray
tam coliny has o powdery, coltony appearinee resulling from
thie Formation of arthrocenidi [rom the bhyphize, The icdomy
bevomes [an Lo broacn with s, meald the reverse st b wliliae
{hther calony codors arc seon ool oanlby

18-8, 7 Cocoldicldes immiiis wel mouni [KOH; 14-8, »500), and calcofluvor white
(18-7; 1200} proparotions. Malure sphenibes of C lenuils are ound o cval, meseare 15 W A0
jum b dliarcter, have o well dessircaited wall, and peoduce endospote by undergolug progressive clesvage,
The endosporis metsire 2t § pm (o dismmeter, do oot bad, and are extrsded v the matore spheroles
iiner they nre extrukd, the endospores indthine maturstion, beeoming spherules that eventually undergo
Henvmges that resubt bnonew endospores, 10 gt G0 recognlae thal Bimatune spherudes dhel bk en-
b i be muistaken B olfer fongd. such s Blrstormpees dermsanl[Rlie mmd for s fcts:
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14-8 Lactophenol cotton blue preparation of
nrthroconidia of Cocoldicides immitis (500},
The arthroconidia of U brerilis appear in Uhe branches of the
byphie as thick-walled, barrel-shaped structures measuring 4
to b by 2104 pm. Allermutiog with the arthroconidio ane
weaky stabied epty oells; o charscieristic that diforentnies
this microoeganism kot Ganricham spp. The arthroconidia
mmature, break ol and loflowing ssplrtlon ey con prodice
an dexfection o suscepiible ndivbl s

148-B Tsaus section of the lung stalned with
Comori's methenamine silver showing a Coo-
cldioides immitis spherule (1280}, The wall of e
spherule has ruptured and the endospores are released inio
the sorrounding netes. In peoneral, the walls of the oo
dispores stain darker than the walls of the spherules,
Spherules that |ack endospores need to be differeatistsd from
other fingl iencloding Histopletnna capsulatwn, Tornhogets (Cin-
e} richraza, Cryptococcus neoformms, and Parecoccidioldes
Frsilieroeds,

14-10 Cryplococous neclormans ocolonles
growing on chocolate agar. The colomies of O mafr
many are typically Sat or shghtly ralsed, shing, mucokd s o e
sult of the presence of a mucopolysaccharkde capaile. und
may have a wide varlation in color ranging from cream (o tan
und pok. With age, the colonbes tend 1o bocome drier ind
darker in color,
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14-11, 18 Indis ink (14-11} aand Gram stain [(13-12) preparations of Cryptococous

meolormans (<~ E280). The ool shown here are surrounded B o brood mucomodyvsaee haride cupaale,

e thickness of Lo copraule cagd vary widely nsm proparsilion e pregaralion, and mceriain wrslapoes Ll

AfFLLl TR SR Pl Tk '_.:||i|'.|.: k. 1 vedls are romd 9 oval, willy a duimetle iy rom I L
|3 in. v have @ single bud with w nerrow neck. The Indin ink jréparaticn i8 ool issensilive g the litex
applutinallon anthgen detecion teabs bor it delection ol o armnnes 0 cerebrosgrnel liad, specimens

gl tve by Ioclia ik s ol e tesbed o aotigen; all verclwoesgimal bl spe s seod o Dndie nk prepa

rudicm shasuidd adso by culiured

18-14 Colonica of Histoplasma capsulofum.

Wil 1l pisesd Ram of o Pt groweing 1 chiewnbisli

14-13 Uransa tost for Crypfococour noofor- e ol ch e L Crlgn vk, nmdd Fihvie mvcesieel T Erring ol
g, Chvier W9'% ol the (C meslmums isolades give o posi Sabourmd's dexirose wgnr ol 2570 et sidel, The yend form
£ el pirk-poorpde color, wiltkln 15 minate e 1 v WY bl malsl Wikl f-vellow-tan coloe, Wl I

W hier povisc-naislitioe species of Yo thid requine mom mxvelial form B o eodleny appeirmnoe witl white-hroeva

than 5 hodirs to g2hae o posiiive feaction it pkrkdsh i,



14-18 Lactophenol cotton blus atained Higlo-
plasma capswlatum [« B800). Aller wovernl digs o cul-
tare nE 2500 thick-walled, imbercibiie (knobby) . and nonka-
berculate macrovonidia appeisr, measuring 1010 15 wm in
cuimeter. The mbroconidin of 1 capsulatom emetpe during
the mirly stages of coleny growih as sphencal of aval struc-

vres 4 103 i b dinmeter

Moty 117

14-18 Diroct bono morrow preparation show-
ing Histoplsama capascistum stalned with cal-
coftuor white («2800). Round looval. small, 2 5 5 m
farpiriy-based, Boddog veest oolls can be observed o this i

fect Done e ey poeparalion,

14-1F Buffy cont proparation ahowing Histo-
pleama copeuintum {12800, W hie Bood cells con
capensrtum. The budding. yoasl
ciagaule, This peeudocapsule s
theraghe 146 bue o sertlfae) resaliting from shrinking tisses dur

Liining Masioconbdia of N
sivEns 10 be surroonded by o

kg fiemiian

14-18 Lung section showing Hisfoplasma cap-
sulatum stained with domori's methenamine
mlhver [ 1280). The yveest borm of H capalariem 8 usaally
beund intraccliularly in the cytopdasm of professional phago-
ovies. The mborism LA TR rhlrl;.',:lr‘_' MCRSUres (Ppro-
malely 2o 3 il mdtplies by narrow-hassd, unegual

budding
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14-19 Mixed oulture of Histoplasma capsuls-
tum and Cryptococcus nooformans. [l palieal
had a deuble miection, and thus colomies of botts H. ageude-
taom wnd 0 meofarmans tere growing on this plite. This posstbil-
ity should be wken o constdomthon, partloulardy i spod-
mens from patients that are immunocompromised. Plates
should be incubited for ut least 4 weeks and should not be &=
curded curbier. sven whien a mpld grower b olmeady presem

14-20 Paoracocoldicldes brasifiensis atained
with loctophono! cotion blue (< 32S). In1his propa-
ratlen, cubiured st 17°C, large. thick-walled cells with multi-
plet buddings are attsched 10 the mether cells by narrow con-
noctbon s, giving the Cacscderistic appearance of a “ship’s
wheel” or “steering wheel.” AL 25°C most strains grow for &
b Hie wlthoud progucieg centdia, There are different types
of ennidin that miy form; none of which s characteratic of
this speches

14-21 Parscoccidicides brasiisnsis. Adranal
tinnua. Comori's mothenamine silver staln
(=800}, This preparation demonstrates numerows thick-
wulled yenst cells. spherical to oval, measuring up (o 60 10 70
gum e dlivmeter with multiple mrrow-based bods that give the
typleal dppeamnee of o “steering whee” and “Mickey Niduse”
tvpe forms,
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14-22 Lactophenol cotton blue preparation of
Alternaris spp. (=800) The myeell ard splate and
dark. The conidioplioges produce lan-devwn conbdia that e
targe. approximately 10 % 30 pm. round at the end near the
cenibioplbore, and parrow al the for ond giving o clvale
iclublike) shupe, with o smootl o rough wall, and mnsvere
andl longitudinal septations,

S/

A B c

14-23 Diagram of the marphological structure of Aspergillus spe. ol e
tie (A} s unberiate (e.g.. hos onbyr one layer of phiglides that cover the upper two-thinds of the veskele ). The
phialides hear the conddia which are extruded from the end of the unéensteicted phialide. Aspergifin wrsi-
ralor (B} and A, niger {C) iire biseriate, in which the vesicle s covered with a layer of short byphial strociures
called metulne (the structares bearmg the phinlides | and anotbe: Liver consisting of e plilalide. | he metu-
lne and phindides of A, réger ferm o rodite arrangement (09 but those of A, versicolr do nel (B), Asperglie
frve may he both unbseriate and bserinte with the metulie and phialides covering the entine vesicle.
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1d4-24 Colonies of Aspergiiius fMlavus growing
on & sheep blood agar plate. |he colonies of A [l
have i distnsct vielvely yeilow 1o vellow-green o boown Color
The geeen-brown éolor B mooe promipent i older culluies
e reverse s widle W red-browm. Ty indgTioos ganisn grmes
better af 3774 than at room femperiitare.

14-25 Loctophensol cotton blun preparation of
Anporgiius flovus [<Z28). The conldial bemds mea-
surepproodmeely. JO0 tor 4000 m o diameicr and oy hav:
wnisrrinte and bleeriate poes of phitalides tht cover the entine
veslels, Usially the prosimal rode of sreripmata B twlee the
length of the outer now, The canddia do ool wsaally chain and
fend 1o pecumolade over the veticle

14-26 Asporgilive fumigosius growing on @
nhoap blood agor ploto. The eoddomles of A, Frarrrigertes
perina wel] gt 200 0o TR, Trscusbatinngg the specimens of A, el
anrfps il Temapmaiures mbove 4370 helps o bndeEbil the gromils
il contamibnanie The ooloar ol thi colonkes ranges from whii
by e amd with age they tend o turn pray. brown. or Mack

14-2F GCram stain of Aspergillve femigsius
=1280). A1 furitigetiicy typecally appedrs as Lben ey '-rpl.m'
rrphae with cichebonsos  bwi-way') acute [4570 branchlig.
The byphae bave parallel walls withoot constrctions. and are
By wnlfoem o owidil, awsisuring 3 tob pm in danuder.
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15-28, 28 aspergiilus fumigatus stalned with inctophenal cotton blue [(14-28

[*228]) or with calocoflucr white (-2 [« &S00 :-!ll'['l'l. [ L. Puer bR (T aaRE e

i b S o SO o i P 1 3 b 9 g e wendshe The veshele s dome b, 300 | jaitt i 1
il mverses whlbs thie COPIEDIEe, | lisla i INE FIress chnek | e Mkl O -'|||l: =il | =
ele and extend b the same dircction as the consdioohare. Thie s avnkrrmind, goceo-tan comdkil

baiwiet bon chdilnd Froam the tis of the plualides or sterlo

14-31 Aspergiiivs nlpm- wioinog with lnnmphm
14-30 Colony of Aspergiiiues nigor growing an nol cotton blus {~S00) e conbdliglo i

Sabouraud's dextrose agar. | nig tilomiios e largl,. measiring up o 2 to 3 nn lisreei by = b B
o akistirect, wally o woolly appearance, orlsimely dinlacing in weielth, The vesicle | glabular 40 RLY iy b et
bt vellonr color thud e todark hrowon - ack due to 1h hrowa-back, with biserlalepl eu il cover e eatine o

ol s with a wehite L ia il Lnyer {n § e vestele formiog
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14-32 Aspergiiius tmrraun aalany an
Sabouraud’s dextrons agar. [hiscolony ol A termus
has o velvety white, clnnamon -bufl to brown colar on 1 e sar-
face. aned b white 10 brown on Lhe peverse side.

14-34 Aspergilius versioolor ocolony on
Sabournud's daxtroas agar. Theodonkes of 4 vwrs-
calar psunlly displiy 0 wide mnge of colios Incloding whige
Liet v yeblowe, preen; oo bropm

s

14-33 aspergilus forreous stalned with lec-
tophenol cotlon blue (*800). (he conjdial heads of

L ferreits e uprto SO0 pm in diameter and are beseriale
The coniitia ane spaericl to ol with a hyibine smol W all
arsd, b showrt in thils guee, e b long Thislis

148-35 Asporgiius versicolor stained with lnc-
tophanol cotton blue (<1280) [his gure shows
HIUhe otk prodieosd by A, wersioefies Thiise strectures @re sy
produced by ather species of asperglill, and it is not ciear whe
thetr funetion b They e thivk walled. spletical or peer
shaped, nnd are procheed as lerminal oo ntercalary cells on

the lnphine

14-38 Candida alblecana growing on ochoop
blood sgar plates. The colonirsal 7 albiorsare while
or lail, opaque, smooth. ind as shown [n'this Bguwend, may hsve
semall extensbons or “fet” that (ntreise with the age of the
codony, The colomioe grow ripediy mnd cam usinily be detecind
i1 24 1o 45 hours when grown serobieally a1 25 o 3070
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14-37 Candida slbicans grown on a cornmeal  14-38 Candida albicons germ lubes stained
agar with trypan Blue. o shown ot Ggaee, Ol with ocaloofivor white (@828 A smple jesl e the

vorris grown 8l 23°0 fur 45 o 72 b korms seqtaile peedn e ilecmtion of O albicons s the sorm mbe pest, Part of
hyphiae with groups of blstospores af e sepla, and barge ~idivemy b e ke dn fotal bovine secum sind ncubated a4
Huck-widhad Terminal chbinmydosporos tliag nre Depheal of 1his P for 210 ) hours The germ tnbes are apocoximalely all

thar widily and bwo 1o four times the ler il ol e vl o,
The germ tubes producod by O albvoans ere ool constricied al
L wieiom weith the bEmstoconidinem as e cese willy Copdid

i W

W T

14-38 Candida alblicans. Blood culture. Gram T ‘ﬂ ‘

wialn {=1380). HBlood culivre Do o patlent with a O & 14-840 Candida troapicalis, Blood cullure.
aniey Hemgeinias Blastocomidia con be observed huodding and Oram stain (<1280}, The blaaocomidia of O fromoals
pimiugig the |:l‘ eudifyphde. The bipsioconidio stnbn gorom- temd o b moee barrel-shiaped and rregular than those of

gLy, a e ao o], o] maeseaere | An kg vl ity 1 5 pm I i
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18-41 Ceotrichum sp. grown on corn meal
agor with trypan bluwe. Ul of smooth, fivriline,
v lindrical at theoconidia with rousd cornees; are charncteris:
the ol thisspecies. The arthrocondia onginate by segmentition
ol Wl Doyl el tvpbcally (heey wermkoiile Doom one dormer,
giving Ui appeirance of & “hockey dick.” The formation il
cosecnstbve arthroconidin differentiates this genus lrom Coce
Bt Erraeiphein,

SPOmngIospores
Branching i
Sporungiophores - W

Columella

. Cidurnella
Sporngiim ol larete

Internodal
“A-Tsnorangiophores

T~

A B ke

13-82 Diagram of Zygomyceies atructurs. Mvpdca] mlcrospopic kratiorey of the dygemitio e,
agroup with generally sseptate phoe, are shown bere, The orginbaon ol he Rinzopes s (A have nodal
sporsngloshores, 2. rhizolds (root-like stroctunes) ane formed @ the point where the sporangiephiooe
meet the stolon (hormontiel sectinn of fyphae froim i spomgghopheres amd dugouds arise i, So chisouds
aoe fonnd i the Miscor spp. (Bl Alddin spp. (C) Form nterodil sporaieglophaore, When e wall of the spe-
ranglum breaks. a collarglte remadesat the tap of the sporamghsphore and the pelnis! cclumelli becotes
visible
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14-43 Abwidie corymbifers oolony in
Sabouraud’'s dextrose agar (D colonkes of |
oryimllfens ooy rapidly, Gfing the e disly, and have o
s iy, weltioe oodor that turns gone with agee. The revierseside]s
while. In general, all colonwes ol Aygermcciss i olinilar
cubony charscirEivs,

1d4-44, 45 Lactophenol cotion blue preparations of Absidis corymbifors (13-34,
xB0] 18-85, ~S80OL A cormgmbiir prodoces few thimdds and, in contrast o these of the genus B
fetes, the sporan tiophoses ron al o podnt on the stalan that & between thie thiseobds and opmes e (e
The spaeangophores are charmoterstically hldy branched | Figure 14441 The sporaingium of A, corgpre
Hemt s o perifinem shipe, smull st measueing 20 1o 0 pa b disiseter. with a conloud columells and o
distinct upophysiviligure 4451 The sporangiospores ane oval in shupe. messire irparidiately 3 X5 win
i have 1 soath wall
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14-46 Mucor spp. stoinod with lnctophenal
ootion blua [ =800}, The sporangiophorss of Miier spp

han termindl sptwrelenl sporangbi that measire up o 300 um
in diemeter. contnlning numetous round sporinghspore

The sporanghophores are byaling. smooth, with o gray <an
color, and they do mil hine apopbyses. The columelin B well
developed and hasa prominent collurette s the junctipn with
thi spesrmagiophione. No rhivolds ane fiound in this species

14-47 Mucor spp. Lung., Gomori's methe-
namine silver stain [«1280). [0 s, Lhe oy plas of
Muwor app. ore brosad, irvegrulac. with bulbous lateral protru-
st dind do ol heve sepiac: branching ofcurs poslerentially
it wide anrphes (1),

14-48 Rhizopus npp. Loctophono! cotton bluo
praparation (<80}, The mombers of the penus Hidope
e charipcterked by the presence of sporanpiophores thal
geroan cppcelie Har rhseoids alomg the tolon, The colimells is
roanidd or sliphihy dongnted, snd the apophysts b not ehwioos




Bipolaris spp. (~880). The conidia of Bl spo ire
fsfriren, approshmately 10 % 20 um in skte. ronded ot both
endls, with the cemml colls simiar in s and color o the dis-
tl ones, 1 10 5 light preudoseptae, and » nenprotuberant
Nilem. The hilum 15 8 “scar™ st the point of sttachment of a
cortidium to the conididphare. The conidiophorés bend al
eiwh podnt where conidia are formed, ghving o dgmg appeas-
nnce. The hyphae nee seplute

14-51 Colony of Cladosporium carrionll grave-
ing on Sabouraud's dextrose agar. |he colomes of
€ varrlant are ot growees, with o lat or dightly raised cen-
ter, and a velvety gray of green-hlack enloe.

&,
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14-50 Sipolsris spp. Germ tubo preparotion
(x8P8). Bipolarts spp, typleally display oekutation of the
perm tubes along the axis of the conidium. This characteriale
can be used to differentiate these coganisms from members of
the penus Drechalon, which form gerin lubes petpemlioulur (o
the conidinl axis. Membery of the genus Exserobilin olso form
serm tibes along the axis of the conidium. However: the slee
and structure of the conidiun b slgniicantly diffenn.

stained with lactophenol cotton blue |<BSO0),
The tiypliae are dadk. seplated. and hive branches. The conid-
iophores are clengated amd produce chalns af ellipsaid.
stou fi-wadled comledia thit measure approximately 2 = § pm
tih skeet. The conidia have o churacierbaic durk irea of the ends
called a disjunctor. The conldin et 1o the conldiophore
iy Do o “slaleded” shape.
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14-83 Exophiale | W i il ) ol Frmavit it s,
Lactophencl cotton blue preparation |- 500). In

e colltores, oval and roeund Budding yensthie @ells o
Formed. Subsegienthy; e cells producessptate by plaee with

flaske-shanmod 1o exlindrc ol phiabices The condedia bre round o
ovnl, mestistine approabineaiely 3 255 . aid weo fourid af i 14-84 Exophisia |[eanselmsl growing on

vip ol tbiephiiadicks andd atoaloang the by plese, Gt sl Do Sabouraud’s d'“"'_" agear. The colonkes arc brown
i !_=._-._'-:-!"I.:h k. maonst, nnd ghdening. With i Thcy Teenmme

chembenl chrscierisahix dre seed 10 dillervalbe e organ- :
iered with velvelv-gruvesh Joyplise. “The reverse 15 hlnck

ers Froam Peopldada [eanrs=lmiel amd Phearannolanmgoes we w
(5o ]
*
o
Y -
L] ;- "
o - Il 4
e
I
g
‘
=
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X 14-858 Lactophonol cotton blue preparation of
Exsarohiium app. (“8S00). [Lr cirodu are Tosilon

14-58 Loctophenol cotton blue preparation of neeie approckpadeiy LUK 15 . Biave a prosniiend

Exophlals jesnseimel [~ 300). [he conidiophars ure fiometibecl leklanm. seve o eleven seplia, i e sepl om tead Lo

bonpgiatesl, tabsalir, and with o fapered, narrow incl. The e e il isalien dorkhy stadied. The conkBoplioos are e
il B rairmetnnd are sonooth, thuin-walled, anad el padd e sernl bemil @t ol itachment ol Uwe Conidia
s 2% 3 i ol éan gather o chasters aronnd Ui penihcibide), giving o e fermation. The hyphae ane sep-

oliliophores and a peinisabong Lhe septate by plac fiabe sred dhinrs
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14-57, 58 Fonssoass padrosal stained with lactophonal aotton blue (~S80). The
hyphie of B podra are sepiite, hrnched. and bive o durk browa plgment Thiee bopes of conddiad fsmm-
tion muy bet observed. The Phlblaphiors’ tvpe (see Pikdophonr spo. the Clokegariom Gype, ind the Rii-
nocladiclla type, In the Cladagporiine type (Figure 14-571 the contdiphares, glve rise to large shivkl-shaped
erdls thut peoduce beanching chatns of eval conbdin with dark scies o (e Bl b the Rhferoceef type of
conhdfation (Figore 14-58) the-conidiophores. arbsing ierminadly or laerally v hyplae, hoedenticles thit
prosdiiei eankd or clongsited cnekla alooag the sides or the ps,

=

14-80 OCQomori's methenamine silver stain of
chromoblastamycosia («1280). Skin lesion from e

i patient with chromohlastomyegss. Thick-walled dork hromn
14-59 Phialophora verrucoss stained with  cellscaliod b bodieonnd the ballmark of Shromoblnene
Inctophenal cotton blue (~B00} This microorgine  myveosis: that divide by sepation can be obrerved. The follow.
fant P fvpical vases or losk-shaped or ellipiieal phinlides. o0 |ng sseroosunisms sre tesoctated with crmmoblnsamyeo-
comtidiphores. with wide, flared, pipentod callometiox. The gy Batryomnoes inegpititan. Cladagoriom carrionit, Foseroed
conidiaore round or cllipsoid, Inaline, and meosure approds pedrosol, Finrocnen compencta, Phiafophom verrmeope, and fthi-
mately 2 x4 e Hyphise nre sepinte, brown, ond branched s fandie e it s,




130

Cotnr Atles of Phamaosile Microhinlgan

18-51 Colony of Paeudallescheria boydil on
Sabouraud's dextross sgerc, The colonies of 1 bl
hovie o exttony sorfce That i white to-gravbrown-in colo
i gets darker with the age of the cultune. The reverse is alsa
wihite, turning beown with age,

T N - : = W

14-82, 83 Loctophonol cottan blud staln of Scedosporium spfospormum and
Graphium conidia, ssexual stotos of Psoudaloscherio boydil (soxual stote)
(=800). The Scedosporinm type of conldia ol £ hogdil (Flgure 14-6.2) migy rise directly froim the septate hy

plae or from the tp ol conlophores, appear trancided ot the bose, pnd soametimes resemble the oon i ol
Blesfonypoes dermarithiis, The hyphae-are bong and stendes branch ot noste angles and this may resembie
asperpilll As show, the coremin or ynnenuda (coonkiial strociuns: of (he Grphium state of P oyl
(Figaro 14-63] huve termimal hyoline conidin, clob-shnped or cylindrical, approximately & % Sum. In the
sernial state [P hoaredil] lirge. 502000 pm in dinmicter. ronnd, browm elststptheckn nre foand containing ns-
cempres (ol shown,



14-64 Lactophenal cotton blue preparation of
Soodosporium prolificans (<1280} Inthe anoell-
thom tirpe of conldintion, the conidia are extruded from the 1a.
pored tip ol the conkliophare, which bears a ring scar for each
ennidinm. The conidiaphores. or annellides, are short and do
not branch. The conidiogenous cells are Bask-shaped, with
nnnellation and terminal conidia. The conidia are ovoid 1o
myriform (pear-shaped). troncated at the base, wilh & sinouth
and Uhin wall. approximately 3 % 10 pm,

14-85 Colony of Spovothriz schenckl grow-
ing on potato dextross sgar. Al 25 0 these colooies
s sowely. are maist, mid hisve o wrinkled surface. The colos
of the surface initally & white-ton and terns dark brown or
black with age. At 317°C the colonies on brain beart infasion
agnr (RHT ) are cocom-tan, smooth. and veastbike (ot shown),

14-68 Lactophencl cotton blue stalned
proparation of 5. schonckil [(z800). Growth ol
25°%C produces roond, oval, and pearshaped eonidin that
messure 2 X 5 wm and une-aitached 1o bath sides of the sep-
late hyphae by shiri and thin dentlcles, (Juaters of corbila
Gainn b ber observed (00 “daisy * pattern aitached by denticles
I conkliophons, Al 2770, oval or hesdfiem budding cells
(*clgarike” | can be observed innt shown),
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Superficial Mycoses

14-87 Epidermophyton floccosum on Sabou-
roud's dextrose agear. Lolong of D Useosum grow
shenvby at 250 wnd ofter appeas white to tan, although derker
colors inghuding olive and khakl can appeir with age. The sur-
[l s Bully sl pewrdery mned weh by Bt o rasliadly foldied, The

reverse s may Bk avamge-brovn e bk,

14-68 Praparation of E. floccosum stained
with lactophenol cotton blus («S00). [ Tooam
have chib-shaped, smodth, (hin-walled avac rocsnkdia tht
uistnly o in chissters directly [nom 1he 2ptate lvphie, The
miToconidin hinve kess than hee scpti ind messuire 20 to =0
by 5 108 pm. Chlnmyvdaspores, both terminal and interenlarg
pan be whserved in old culiures,

14-88 Colonles of Malassezia forfur growlng
on Sabouraud's dextrose agar, (e ol was added
1o the right side of the plate. A% shown in this (igure, the
colomikes-ame ool growing oo the nght side of e plaie bes
panis dil the growth segubremaiet of g-chadn Lty achls
e by e olioeoll, The cobonies groiy Better o 8770 amd
age vellow -tan, smooth. and dry.
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14-F0, 71 Grom stain |

i =it und meiEun
|, w1l an ticks inet i1

white Hisorescen oo stiin, e

»ﬂ

18-F0; = 1250) nnd calcoTuor white [18-71; = BEO) prépa-

rations of WMalassozia forfurs Thiee voisblie ool e jadby philabickes | virie i spheriel or el

i |.||.|1-I_. 1 "\-||':| Haer coids lere femaned e end and oot afl o i)

whiere The Budhike strctore orens wlnedy oo w broad base. 1o the caloolliso

- . - — 1 |
il 1 E-pin - morphalogy cun be clenrl obscry

14-F2 Microsporum audowinll oolony on
ﬁntm-urarud s dextrose agar. [licoodonkes W
Aarc s bt bo L. al. and bave o spedelife s

Iheu ke B regueniy v wspel=brom

14-F3 Microsporum awvdowinil stained with
U!‘“J"‘ﬂphl]ﬂﬂ" ootton hl‘l.lﬂii“ﬂ'ﬂﬂl iteeees ol W o

i T Iphue nre sepiate with e
oy pinad iy -".|-'|..| vl o i | mantlication
vk Harmydispares ern he dhown 1o hme a polntod

W
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14-74, 78 Microsporum canls var. canls colony growing on Sabouraud’s dex-
trose sgar. M. ool grows mpadly st 25°C, producing colenies that are ussally white-tin with a yellow-
wreen lemon color at the periptiery (Figure 14- 740 The surface of the coloay often has o mdiate woolly ap-
pearanive, The reverse side of the colonles & raquomt ly golden vellow or beown (Figuree 14-75).

14-76 Lactophenol cotton blue preparation of
Microsporum canis var. canis [ «828). [ho macro-
conidia of M. canlx are spindle or lusthorm in shape with a
thick irregnlar rough wall containing between 5 (0 15 cells

They measure 5t 2005y 1010 100 pm. aod characteststically
have s knoblike end. The hyphae ane seplale.

14-FF Microaparum gypseuwm oolonles on
Sabournud's dextrosa agar. The colonicsof M g
seumt w0 white-tan surface. o white, starburstiike boeder,
nnd a suedelike sppesrnee, Areas with red-brown color mre
commion o The reverse side. The colenies grow rapidly




14-78 Microaporum gypaoum otolnoed with
inctiophonol cotton bluo [(<&25). Tl mactoeonila
il A, papinrr beonee wn ellipeoidal 0o faskioe i shape ot e thin
rpegiilor woall coadain foue o s ee i and measude « a5 By
B pa il . The ste of anihchmend (0 the hyphae B sl
Hattened. while the distal end s moes rounded. The byphae
arcacptite nnd the microconidin have o clmmie occiob shane,
buit this characteristic s mol belphu] for differentiation {oom
it ser (gl Uhal peodtode sirmiling structier:s

14-80 Trichophyion mentngrophyfos atolnod
with inotophanal sotion blus [=BO00). T g
teplenlly displayssphorical or pyrifoom migmconidia growlng
gnpl oF In dosters on brinched conbdiophores 1 aldition

there are often characteristic sepline spical or coiled hypline
Cigur-shaped macroconidia with three to sty cells mmdd measr

401 jum con sometimes be fonnd (not showm)

ing 7 =
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14-F8 Colony of Trichophyton maoniagro-
phytes growing on Sabournud's doxtrona ogar.
The eolonies grow well s 2550 pnd vre usually cream-tm In
colinr. although they-moy turn diccker with spe. The surface of
the colony appears Rufly amnd powdery. The rovicse of the
colony mins hawe o éodor rongting Erom Ban 10 brows and dark
ried

14-81 Trichophyton rubrum on Sabouroud's
daxtross ogor alent. VWhile, velvely or Bully colenio of
T ruhrund grooww ot 25°C Note the wine-red pigment peo
ddipeexd b thibs orgamism. Figmenis ranging om wetlow 1 o=
bt o red e b oy L different bolales of 1 rubrum
This type of pigamwni. hewever, is 0ol unigee o £ robrum.
{hher dermaiophytes nclediog T oolelhal and T apenlagpre-

phpies, cun peoduce red-oramge plgimotts
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(ol Atk cof I Mrprearsd b0 AN solisfoigy

14-B2 Trchophyion rubrum otainod with lne-
tophenol cotton blue (800 T b s dptie
bvpibine writh Literal idarshaped ibcrooanldia thel mcasin
3 2o pum. The muscroconbdbe are g il thin poeradlel wiolls
and twe to-clght cefls inof shown!. Microconidin may form di-
pectly feom the macrwonidie

14-84 Colony of Trichoephyton schoenielnll
m on Sabouraud's dextrose sger. oung
ciltwres ol T sihivenleief have 4 wisy appeirancy with o fan
bor bl cotor annd booevcomblike Usallus (mal of byplise),
This mbcroungmism grows slowhs amd with age the colonbes

becoane irregular with filded surizoes, as hown b this figore.

b e tulse cen e Dol sice of the imoge his beon in-
oculabed withy T, ricutaivamhpes, amd the Dao oo e right with
T raibiaans, T tialees Five: Dot dmubated Rae £, 7 oand 8 days,
respeciively. Motz that the T awtapropiites yields o posdtive
bestulber 3 days while the T robrawe b only weakly posizive at

Tilays;

lactophenol cotton blue {«800). The bvphal ends
arg swollen. giving a “naithead” morpbology, and asa resalt of
branching olten give the appearance of “favie chandeliers” oo
“antlerlike” hvphae. Macroconidia and microcon|dia are rare.
abthowgh chlamprdos e ars egueantly observod.
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14-88, BF Trichophyion fomsurans colony on Sabouraud's dextross agar. | L0-
criFirs o Aoy al 2570 an sehouried s deviross mgir, The colonics can display o wide variety of colars
ranging Fomodhite, cremmre, pelliow, tan, and pink The cobonies can be llat or camsed with a selvety or powe
dery dppraraine. Mole tupas | ruplibe lobds i cutting scnss the colony (Figure [+=465, The underade of the

codony can range g villow=hoown 10 rec-brown cobor |Frgure 1-4-87)

he, @

&

14-88, B89 Trichophyiton tonaurans. Lootophonol ootton blue proparotion
(= B00) Tha seplote hyphuee hove mbcrooonidin el may vy shgniBcantly B s and shape, Some of
thism g roond oF ovs] with g Ralloon |!||p:1'1||.-.| o mind others are clavaie and 1] '-‘|.|i:'.-..'. Ve e

evnbdlit are oitnehed to beachod conbdoplonss v iosbor stk (Flguare 194-555 Macroconidia are smooth

thif-wallad, rregular lind clmvede (Figore 15-5490 aliioaigh guents they cannot be observed. Intc
calairy and termibod & Blmndesmoee wre commmmmo



138 Color Atfas of Diagnostic Microbiolds

raud's dextrose sgar. [l miooorgsnism bas dow
growing colonbes with a white, creamy color, Thie surface bs
velvety, and the cenfer may be raised,

14-890 Nutritional test for Trichophyton ton-
marans. For (b test, the microesganism §s grown oo vine
- (ree: caseln agar (70, anid on coscln agar with thlmine
dddded (T4, As sl bes thils fegeere, T doipgpiramy rieguires thi-
sl bor growth.

14-82, 93 Lactophenol cotton blue preparations of Trichophyton vorrucosum
(Figure 14-82, «880; Figure 14-83, «2&6). (' Scbowaud's dexiross ugaral 1790, T wrrwo-
sum produces many chlamydospores Ul are sometinees reberred o ns “chaliy of pearls” (Pigare 14920
Oveusienally "antleelibe” branches at the ends of the hyphee can be sbaerved, but they are rare | i
with those of T schorrdetin. Dnenriched media with thiarmine; small, deficate, sngle microconidin nnd long
thin macroconidia shaped |ke o rats tall dian be fownd {not shismm. nsome prepandions, lyphae prodice
teranbisad viesiclis [Figure 149 3),
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14-84 Colonles of Trichophyton violacewn on
Sabouraud's dextrose agar. | cojeoen pooduce a

iy, biregabior shpand. riaked oodory Wil arcas Lhal have a

irk viokel cirlon nd odhers thal are wlile, COCaasinlly, hos

s produce opdy whilie=tan colonies. L e andersa lace b

peerpilie, D getneril. thiks microorganism s o skaw grove
"
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i " » F o e 14.-95, 96 Lactophenol cotton blue (14-D5;

. r [*228]), and calcofluar white (14-96; [«G25])
' praparations of Trichophyton vielaceum. Tl
fures demonstrate the lasge. beanehisl. ireegminr shagpod by
phae contamng oumcrous intorcalated chlamedacnnidia

Milcrocdnidib L md rbceoconadtl e rareh aeodineed
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Miscellaneous Mycoses

14-87 Fusarium spp. colony on potato-dex-
trome agar. | s . geow ragndly i cullure, sod on
potato-dextrose agar the colonies sre etionlike, usihally
white. turning piak-vioket ve brewin al the centee with age.

= 700; Figure 14.88, - 500). T‘J.rplcu‘Fu-ﬁmm micraconidia with nl‘nsﬂ*amu-mtﬂnps:m
tending from deficate laternl phinbides (Figure 14981 The mucroconidia of Fuseeion spp. are produced o
conkiophores alter 4 10 7 davs, The macroconidia are fusifora, usually curved, giving the agpearance of
u.:ue g hawve thres 1o five septa (Cigare 14-99),
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14-100 Colony of Paecilomyces variotti on
Sabouraud's dextrose agar. This organkm b i fast
grower that produces Bat colonies with a tar-brown colir and
a puvndery or suedelihe surface.

of Pavclfomyces variottl (- B880). The phialdes. o0

‘sterigmati, bend away from tee wxiyof e conbdiophiote. ane
plongsted and tapored, wnd thus thiy ice called "ten s
The conkdia are elliptical or oblong. measure approzimately
2% 3y, amdd the chadas do pot branch.

14-102 Diagram of Penicillim spp. “brush” or “penicilius.” The sepaie vphae hne

brunchied and unbranched conidiophores. These form metulae (shorl, hyphal structures below the
phialides) 1hiat give rise to flask-shaped phialides. Thie conidli e rowmd. sminoth, or rogh and unbranched.
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14-103 Colony of Penlcilium spp. on Sabou-
Ciflombes o FroshcilNumn 560

nd hirve a powdesy while, griy. o ginee

roud's dextrose agar. |l
LN ALY Bruay Rl J

SOThAle Codon

14-104 Ponic/lium app. stoinod with calos-
fluor whilte [«280). Frolilog head ol Peslodiliam s
ing sepdale mycella with conldiophones
il philalides, or suerip

e cisrd '|':;'-|||:'r_ Yilertiu

a1
The conidiophwres
popi=ankere DO0C) b 2500 gaon nand comsisl «
amieliy, bl exbend lirectly [rodn
ety len il Debafes thity ortgsnete from meiulne, ghing a
R, nlsh ki ds n " penlcillos” Exrending
tapesed 1ip of the philides are shot, onbrooched
e ol conidin, Mg |

N WACTRC R
wr Duisdforn nnd sm

truslal ke wpge
trorm Lhe
siering 3 = % . thit can s

b ear romagph- wadbea

14-108 Colonlas of Parnlciiium marnaffol
growing on Sabouroud's doxtross agor. The
mirenetied colonies hwe s
el g sd proslisces chrmictiers

grirmn ot 157

witlie-gray codon (hal Iurns goec
dark red plg



Wucalnaen 143

18-106,; 107 Lactophanol cotton blus (14106 500) and calcofuor white
{18-1907; « 750) praparations of Penicilium marmeftal. A0 250 the combdbophores ol 1 omar
el el are smooth and bave three o Bve metulee, each of them with several phialides, producing smooth
spherival conidie i chaipg (Frgage 141068 The corudia mesasiure appaoxiinetely 350 6 am. AL 370 oval
T FET veasthe coils thal wcasare 3 =7 o ire prosduogs cerlls repicibe by lssion aol, as sl

bseres g st cronswall b formmed (Figare 14-107

13-108 Scopularicpsies spp. stalned with lec-

tophencl cotton bluwe { «S80). Tl orgeisem Ly pcally
1d-108 Colony of Scopulsricopsis =pp. oOn prinluces chains of singhe-oolbed Conidus originating fro
Sabouraud's dextrose agoar. |1y oFEOILm grows sidicggenous andellide, The conbkdia are reund ur pyrikn

il prrolucting colomsles Uil viery' b oodor frosm whdle (o Lan i mcasiariig 7 o 8 pm i dian with i Whick wall tha! nas
rervny amnd black, o most tances owever, a5 In this casp b smonth of nough, #iving the Enpression of ehi gl
he colony 15 tan, The surface ol lirdd ks glabroos smoolda | a amd u codur sl panpes (oom o o brosen. Dhe by pliie

it e eesusdly Deconies powiden, it



144 Uil Al of Dingprepestic Mierobiofogy

Specimen Preparation and Identification Systems

Colondes of molds isolated in culture can be examined microscopically using several
techniques. including the tease mount. the tape miount technigue, and the slide cul-
ture method, These procedures should alwiys be performed in a laminar flow
biosafety cabinet.

14-110 Tooss mount technbgue. Por the eese
mepiant, @ frigament of the oobory is collected using & wineor a
boop il trinslerred toa ghivs mleroseipe slde, A drop ol e
topheniol ottt Blise Isthen andded, nnd the specimen = lensed
i dieeting nevsdles ds shown o this e, The teasing of
the specimen néeds 1o be done carefolly <o that on the one
hand isolated clements. can be obscrved, while at the same
i presevving the integnty of the overall strocture of the
micToarganism,

14-111 Adhosive tope tochnbgue. A ioe of Tmes-
piren adlesdve tape s wsed to coflect the specimen by press
ing the adbeshvi side ogalrst the surfnee of the funjgal colony.
Arrial elements will adbere 1o the tape, which lssubsoquently
placed on i misroscope dide conluintng 8 deap of luctophenol
cottom blue, Thistechnique bs pood for preserving the eriginel
relatlonship betwern spores and aerlal hyphne. Howeer, |t
osaally cennot be applied iy mold specimens that haive few
nertal mveella of 1o veast with o mokst consistency.

14-112 Slide culture method. [wo slerlle rads are
paced at the bottum of o Petri dish on which o sterile ghivsmi-
cromcope slide b pliced. Blocks or circles of agar are trans-
lernad aseptbcally bo the microcoge sBde. A Tnginwnt of the
fungal colony to be studied (s inoculaed onto the sides of the
g, which is coversHpped aseptically and Incubated m 25

Whizt Lhe colony B8 madurne. thie coversEg is removed ond bath
e conwrslip and the growth on th sllde sierlaoe bebow the
agar blick are mountiad b lactophenol cotton bloe and senled
with nail polish o mounting mofum.
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18-113 AP 200 clinicnl yesst systam. [he AP
H0C system (hloMertenx Vieek. Inc. Mazehwood, Mo.) e mi-
ergmiethod for the kentification of most yoaas and yeastlike
microorgantams: Microcupnles containing carbohydrate sub-
st e e bnovulated with w suspendon of the miemosngan-
tem, and the srip 4 incubated al 10°C. Once growth aocurs,
cuptles showing tarbédiny' heovier than the O control capule
wre popaidored Lo he posiiive. The resiilts sre converted 1o @
seven-digr biotvpe, which s morched 1o the analyrical profile

index supplicd by the manulscturer
-
I : } i 14-114 WITEK YBC |(yonst bloohomioal aard).
E.. - M The VITER YBC (BloMerbens Viek, hee., Hieidwood. Mo canl
¥ v b o coenpeent of & semlaguionmuied bentiBotbon sysiem for
i P B TRy RS DR ' il el verstlke onpuartisema, The cand contilne 30 wells, of
‘ (n dier Mo EhEn e W | which four ane negsithe controls. The biochemienl pests In-
ﬁ il Gt TR N i NE : chude several comeentional tea such us carbahydnite asinmi-
s il By R T ) lithom, tren Bikneleske resstonce o oyclsheximilde. and -
b iy (e B B B trate reduction. The YBC b incubsed ar 30°C in the VTTER
reiderdincutntor module. and read ot 24 wod 48 hoors. The
Tl meritcmmmbodl sy stem pronvidesan idemification based on the e
o = l Tl sults of the different renctions.

14-118 DHA probes. Sucicic sckd probes e mew
availnble commerpially for the identification of Hietosnmyres
dermmatinides. Covetshoides it Cryptocavri neodormans, and
Hxtoypihamrma coprikid . To pecksrm this tedd, growth (nom a
colony is trented 1o extract the DNA, which s then hyhridined
to o probe provided in the kit (Gen-Probe Inc. Sun Dhiésn
Calif b, e of the main sdhvantages of thas svatem i that the
test can be performed belore sperulanen s accurmed.
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ciArTir 15 Parasitology

articularly In arcas of poor hygienie practices and sanitation. parasites are still

among the major causes of disease and death around the world. Citizens of
developed nations often acquire the microorganisms during travel. Direct examina-
tion of clinical material is usually the best method for laboratory disgnosts. Careful
vhservation by skilled microbiologists is essential, Serological reagents and tests for
some parasites are available commercially and a0 reference laboratories. This sec-
tion Includes images of protozoa (single-celled microorganisms), followed by
helminths (multi-celled microorganisms including wormsi. Helminths are divided
into roundworms, called nematodes; aiworms including flukes, called trematodes;
and tapeworms, called cestodes. Average stze of the microorganisms is indicated in

the legends.

Protozoans
Iintestinal protozoa: Amebae.

3

18-1 Entamoeba histolytios. Trophozoltes.
Focos. Trichrome stain ( <2000). The rophosolios of
K. histolytion are round and messure from 15 1o 30 pom o bl
ameter. With the trdichrome «ialn the cytoplasm sinins green-
misgenti. ond the nucless has a central Karyoame. The chiro-
miatln hiss o delicale appearinse and 5 distributed unilormbe
in the pertphery along the nuclear membrane

146

15-2 Entamonba hiatolytica. Trophozoites.
Fooons. Triohrome stain (2000). This £ Blaalyia
rrophozatte shows nn ingevied red blood cefl tin the cytoplasm.
The muclear siructure s still fabrly typical although the
karyosome b ercentrically located. [npestion of red blood cells
by E histalytica ocoars in patkents with invasive disease and 8
considered to be a characteristic that distinguiches this negan-
wm from the other species of Entumoeba In addition Lo red
cells, bacterta and cell debris can be found {0 tee phagosomes
of this purasite. Macrophrges that bave ingested edlizlior ma-
tethl can sometimes be confused with F. ol

]



15-3 Entamoeba histolytica. Trophozoites.
Liver. PAS staln (<1250). Ameble lver alsoesss e
relatively common complications in cases of invsive disease.
e chinomnatin of this trophesiie is well deftnest and locited
wiong the nuclésr membrone. The Ruryosome is not cloardy
v s, The snstphiology of the parisiio Is tsiadly nok well pre-
sorved In this type of specimen due 1o the autolesis of the L.
S

18-4 Entamosba histolytica. Cysi. Peces.
Trichroms atain (<1500}, lnmature cvsts of B s
pelyticnt eyl huve a large nncleus that can be leteradly dis-
placed by a ghoogen vacuole. The karvoune miay be, i In
this case, large and cocentrically located, although in general,
they are small and centrally located. Severnl cleroimatedd bod-
it can be lound surrounding the ghecogen vacunle, Thye eysis
of E: hisrolyt o range o site (oo 12 10 16 i,

15-85 Entamcoba histolytico. Cyst. Feces. Tri-
chrome stain (<1280). Malure cpsts of B sl
hve: [our el while Immatire cysts contailn one or two -
elel The cysls range Inskee brom 10 (o 18 pm and frequently
have a diffuse glycopgen vacusle. us in this cose. Red chroma.
tedd bodies with rounded ends are frequemly found, The
kirymoenes muy be dighily ecoemirienlly lncated. and the pe-
riphieral chromidin i fine and evonly: distribated,

18-8 Emtamosbs hectmannl. Trophozolte.
Foces. Trichrome stain (< 12850). The rophoeoie of
E. hatrtrmanm s round or ovold and measires approximately 7
o 10 . With the trichrome stain, the oy loplasm appeiar
grecn-bloe, and the singhe nockus demomstrates & karytsome
that 14 ysually contrally localed. alibough il can be laterally
displaced, The chrofmatin is peripheral and fis o five appeir-
ance. This microorganism does not phagocytioe red cells, 4
characteristic thist & uscful to distinguish i lramn E, Risielptica,
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185-7 Fnitamoeba harimanni. Cyst. Feces. Tri-
chrome staln [ <1280}, The cvsisof £ bt appenr
semilar 1o those of £ Mistolytica. Although they are gencrally
saller b size, 5 b0 8 wm thore Boa signilficant ameousnd of
over i, 5o they are difficull o diTerentiete, The mulore Gy
harve Bower mrclel, Dol the bnmsture ovsds with one o w ou-
el are mone ireguently band. The nucleus hos o small aon.
trally: focuies] karyosgine with @ uniformly distributed periph

eril chromathn. i this pasiloulae lpore, sevemal Bepleal

reid-=palning chromotokd bidies cun be chserved.

15-8 Entamocba coll. Cyst. Feces. Trichrome
staln (xZ800). Thi cyils of Lhisspecies are large, uswelly
aroml 1540 25 pm in disiimeter, wml while the imomalure cyst
laas e b P micled, the mabore #dge comtalng el e
with a diglisol eccentric karyosome. This Lgure shows lour of
ihe dphi puclel in ihe same plane of locux, The periplierl
chrmmtin 18 usually codrse, althooaph 1t may Bave-a saaoth
dppearapce. The chiromatell Bodies. are wadally splldlerod
wihth shuirpends, os shown hene

15-8 Entamosba coli. Trophozoite, Feces. Tri-
chrome stain (<12680). The rophoedles of £ ooll are
big: eeasuring 2000 25 wm in dinmeter aod are round or
ammedssd b shupe, The singhe nucleus his i larpe. ecoentrially
lociled karyosurie, wod (e olorermaten s o clampy rvegilas
appraradye il statos groen o purple witl the trhchiroms
stilm. The cytoplasm of this microorgunism wsuadly contains
bacteda. veast, sod olher ol debobe b this Dpare, a glyoogen-
like! vacurrhe: cin be obssrved in tle oyioglasion.

15-10 Endolimax nana. Trophozolts, Feoss.
Trichrome stain («2800). The rophossitesof L nana
are small, measuring approximately & to L pm in dinmeter,
The microargarism s sphesical 1o amebaold in shape and has s
eyioplasin Ul Fogoenthy contais graoules, vaouwobes, and
bacterta or ollier cellular debris. The nucleus b small with &
pelatively large. rod-purple, ceptrally located karypoiame,
Troptuwamies with innegulis karyesomes are frequently found.
Ivpleally no marginatesd choomatin can be obzerved In the
nucheus, This combination of o lange ksryossme surrounded
by i clear sl gives an “ow | s-evellke™ apgeearance Lo the nu-
clvusof Db spreciis.



18-11 Endolimax nann. Cyst. Fooos. Trichroms

ataln [=1280). The molore cysds measne 7 o 8 pen indi-
miseter, hove foor sueled with w preminent karyosome aod no
peripheral chromatin, &o chromatoid bodicsare und in the
cyioplnam of these microscgantsms, although ingested debris
A Bt can b obsered,

16-12 lodamosba  bitschiil, Trophozoits.
Foces. Trichrome stain (E2800). [he Tophooies
of this species are round or ovid and measure approximately
12 0 15 wm The nucleus hies a lrge, reddish. centrally k-
cated karyosome with oo peripheral chromatin. giving these
microorganisrms & stractural soeilasity o £ e, Achromatc
granules can smetimes be cbserved between the karyosame
and the nuckear embrane.

18-13 lodamoaba bitachiil. Cyst. Feces. Tri-
chrome stain [*2800). The cysts ol | Barah e o
singhe nuclous with o linge ecomtiric knryosome and no pe-
ripheral chrmatin, Typicilly the cysis contain large sheogen
varcusodes thst staln brown with jodine, tn vhis e, the glyoo-
gen fs displicing the nucleus tn the periphery of the evio-
plosem. Cysts range in s from 10 10 15 jwm in dikmcler.

185-14 Blassicocyeiils hominls. Feces. Trichroma
siain [« BOC0). Thiv mcroorganism & oval or sphesical
and ranges in size fom 5 (o 55 pm, The cenlral ares nesem-
bles & vacnole that takes o green color wilh the ieichinue
stiin. The cytoplasm & located in the periphery aod wwally
contains ome nucleus, although two o four can be found.
Large granules with a dark red color can aba be found in the
peripbery of the oyloplasm.
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Flagellates and Ciliates
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15-18 Diontamooba fragilis. Trophozolte.
Feoas. Triochroma stain {25000, [ gl irophe
willes resemble umeha ond hove-a spherical or mail shaipe,
Thiey musasune § 00 13 pom, and the cytoplasm frégquently con-
talns bacterin, vweadt, ond other bpes of debets) giving-ion
granulor appenrance. These microoeganiamns have one or two
mucled with n charcteristle baryosome composed of [hur 1o
righi Inbolies; Xo pertphernl chromatin can b identitied. The
srmiall size of [ fregilis and 1he foind ssructiril] staining char-
peterisiies moke it detesthon diffienl There (4 no eyt stage in
this specics.

18-17 Gilardia lambila. Cyst. Foges, Trichrome
stoin (=@3000), The ovets bove an ovil shape measering
Lveo 15 m i dloaudter. Thie irmatpre corsts haee bwo tuclel
thid develup into fuar mecle i the mature microo ganki
This nuetel ane dsually marginsted evward e Broader sec
thom of the cvst and hove promiknent. kiryosomes. Axanemes
and fbrils are falind b e oytoplisan, As b this gure, pelmg-
plein of phe il Do o spoclmens may ghvo the appearanonaol
# el bado arond Dhe inderoorginism

15-18 Glordia lambilia. Trophozoito. Fecos.
Trichromo staln (<2800 The ropheroies of & L
Il by i e eristle pesr shinpe, measurog 10 1o 20 am
in lpngth by 1000 15 m in dinmeter, The two nuclel congain
i Karvoearmi surrouided By o lear hado arsd are oostsl ime
ot ek shile of the axomems. The karyiosomes mibay e
diginet or miy be fagmented. The axdoemes extend o
eipht Hagietlin, Bour kscsted Interadbe. twin b the veniml repion
anul topn bn thee crodil section of the microecganism, Thie dors
stakning miecinm healies located below the o meicbel gl tiese
el croorpar ams the appenrames of @ smiling face. oo beterul
vime of 1he micronrgnnbams i 15 posstbhe 1 o0 the sucking
il covedd Towr awtbischormmeant ton Ul eraciosai, 1l glves the wropho
zobbe the appeirmmoe of o “Aying soocer” (nol showm i

&

4

*. i
ﬁ#wi v

15-18 Chllomastix i, Trophozolte.
Fucos. Trichrome staln (2800 |hs oo
bstnn b perareabiaped with & pointed eoud and mesures 1000 25
st ot Bemaggnn By 0D Do 1% e A wiECH, Thie muchenis iy [l fig-
irpe s anberiorly lociled and has o poordy defioed Karvosome
The koryisoue con by conlrally of peripiscally: placesl o
thchroanatin s uniformby disaributed, A evumtome, o mouth-
Uk struncture. iy ovcupy up o one hall of he nucrssrganiss,




18-18 Chilomastix meanil, Cyst. Focob.
Trichrome staln. (=1800). [he ove of this eminban
baias 3 bewnars shyapeswith o bpmbine kooh ol ooe cod. Fiboils poe
sent along the side of the eytpatome may give the cxst the ap-
pesirunce of an open ety pin. These eyt meamire approyi-
madiely 710 % pm in digmeter and are somelimes misideniifiod
a4 amebas

151

Purasitology

16-20 Trichomonas hominis. Trophozoite.
Feces. Trichromo stain (x2000). The irephorotie:
il T, brererelend= Baarvee oo ot e s vipee. imweasaprding 175 00 200 jum b
lenigh By 140 g 13 o I vt The cvioptesm, which miny
contabn gronules and o lrge nucleus, with cvenly disiributed
chromnatin, i bocmied ot the brosd end of the micrmorpinksm
Ay unsdulaninng menbrapeand three to fve fageelln, oo mbe
rhiar sl oene pamderiog, glve- thiks micrsorgedsm an aratls
brich moveement (s wel manint proparadins

18-21 Balantidivm coll. Trophozoltas, Colon
biopay. Hompotoxyiin nnd sosin |[«E28). Speclimon
irown i homan oodon contabnkag trophoaoites of B coll The
wropheoiies are oval with o kspering end, nnd measire 40 10
S0 jum in dinmater by 3010 100 pm in length. The macronn.
chens bs clearly visihle in sovernl mécroorganisms, und the cy-
fisslismie cun also be observed tnogome of the trophoanites. In
vinhbe specimens, the cilia e in constant movement.

15-28 Balantidum coll. Cyst. Feces. Carmine
wimin (2 VEO0O). (¥ are oval osphereal, e 50
B FO0 o kn dlameater, A thdck refrictive wiill can be caally ol-
served. S kideey beanshaped macronicdeus s very distingt In
the middle of o fairly uniformly steined crloplasin in this
proparition. An indentation corrésponding to the cytosiome
can be observed on the same side where Lhe macronuclews s
located.
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Coccidia and Microsporidia

-

15-24 lsospora belil. Cyst. Feces. Acid-Tast
sialn (@00, Lo i s =fiined prefdacal leiis, the bods

sl ey ppean vty oo el ekl halo around @ g osndaenl

red sinined spherical sporedbis, s shown See. Tnooaher In
15-23 isocspora belll, Cysl. Feces. lodine stain wlamor, Ue red slain precipliales alems e bvaline wall
[ = 1RO, b ooy sire Lhee form o [Feqquienitiy o
the siasal trophooltes are rorely e, The ovst has the shape
of i Josod bl ansessuirinng 25 1o 35 o iy beogih by 105 200
vkl The bviiline weall 1 dosble-lavered, refractive, snd =
clearky viable i iy preparation. o siood specumens. howevy

e wnll iy be dillcull o observe, A lnrpe, conimiliy focaied

aoliericit] sporablad 18 fairly prominent. Slature Gocys

pain I sporoey sty with Tour spomaeailed e §00 BI50% T

15-25 Isospora belii. Cysl. Feces. Wel prepa-
ralion. Auloflugrescence [« 1280). Ui ol Hie poop-
erties thiat can be vsed bo ddessgiby L Belll inmpa) preparations is
e Bmct thel this pibcrssquanisen aulobuoresces under L%
lrght. The hyaline wall ix parfcolarty promingad. mnd Lh

sorcpelilaasi Can adsn be wentified,
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18-B8, 87 Crrplosporidium parvuem. Oocyels. Feoos. Acld-fasl [(18-28; 12850)
and fluorescence staln (18-27; *1280). |0 ackfasl stned preparations, e cocests of L

PNy il appear romaied 10 00l measuring apesaxiniabely 4 o b o diemeeler. several bluck pranules can

R o g TS E 3 in the peripiaery al thie yul, ipalyr Husorescenee, thae wall ol 1 eyl Iy e

STCREN o Wl il

15-208, 18-28 Microasporidium spp. Feces. Modified trichroma (15- Eﬂ. <1250},
Caloofuor white atain (15-28) «12850). gpores of Allerorioritlum spp. are round oF o,
st 1 oto 3 g Diaponal bands crossbng the o .-:..I dfrespanating b e fEniar ke can-spmctimes

W sy

Tissue Protozoa

15-30 Prneumocyelis carinll, Sputum. Oram
stain { < 1280). Loth the rophiozoire and the ovs loem con
wwerved in pesfinatory specimuens: The moeroorgan ks
e P 1o Borerns cloesters Yhald [l alyse Fapaies dirtd Flewk
cxchange, The irophoesoites are nound (o oval, measurg op
proximately 5 pm ndiametgn and have a nucleus thal can be

rtrved with certain stainssuch asOicmia
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15-32 Proumooyatia oarinil. Lung bDlopsy.
18-31 Pl'l-il.mlnﬂjl'lrlh carinil. Bronochoalveolar Gamar s mathanaming aihvar Itnllt{::'l!ﬂﬂ-}. This

invage. Monoclonal antibody staln {«2000), 1

len cabled Lhe *hooeyommb™ structure. this chnter oonssds of

eup-shape siriciure of collnpsed oists s eleardy visible in this

: pre DaraleeT
e thal mewsgre 3 o & pm o sdee and when maiame, can

cortuin ip In eighl trophospices

18-33 Toxoplasma gondll, Trophozoiies, Cul-

ture. Glemaa staln [=1280). | rophocotles of T sodd ‘
hamve o crescent shispe, mieasurisng 5 o 8 jeo i beagth by 2 o H - *

by b weldih Fhe mucheus s petizlvely large and uppears Lo "

e ety locared,

15-34 Toxoplasma gondil, Cysl. Brain. Hems-
toxylin and ooain stoin (1280 lnfectom with
gorttadli iy b mones can resalt Lo the Borouition of ovas in Jilfer-
el Loy, inciodlnng (he bruimn The cysils can tange in s=e
fpinins 5 40 300 i el ey conlain agp bo several heocoed ml-
criamganms, Thet Ubxioe stige ol (i mmicrooginism s catlel

oyslingodle or bradyaolle




rhruupfwm 155

Malaria and Babesia spp.

15-356-15-81 Pilasmodium faiciparum, Plasmodium malariae, Pliasmodium availe,
and Plasmodium vivax. Blood films, thick and thin preparatione. Olemaa stain
{=1280 except as noted). Malura 5 trensmitted 1o bumans by lemals Anapheles spp. mosquitoes.
The iulaled sparvsoies travel by the bloodstream to 1he liver wrhere they infect the hepitncyied. Aller a
period of 2 o § wieeks, they matwre into schizonts that relrase merowoites mnts the bood and infec the ery-
throcytes. Inside the red blood cells, the parasite may foliow ssexunl iproducinag merosodies) of sexoml (pro-
duclng gametocvies) development. The ssexual replication cyele ropeats Jisell spproxmately every 48
howrx i the cane of B filciparany, F ovfvox, and B ovele, and every 7 2 hours in the cuse of J* malariae. Onee in-
siiber the read blood cedls. merozobtes form trophosuites. The trophozottes mudure o schizonts that ruptuee
ol relense mervaoiies il infect more red bhood cells, Gametocyies, on the other hand, represent the sex-
ual stage, which bs infectious to mosquitoes, In the mosquitoes, the gimetocyies develup tato male and fe-
il pametes. whilch wnderpo ferifation wnd mature e sporozoites. Al stages of the growth cvele of B
wrsebirine. §% viviee, e £ arvede can be found i the cireulating Blood, tn nfecthons due to P fakodpucam m the
pret iphieral blood. oaly ring ornss and the gunetocytes with the pathogpomonis batuisa. crescent, or ball-
mipon shiape are wsually observed,

15-38 mmmmm 15-36 Plaamodium falciparum, ring farm. Vi
species. which causes the most serious discasie, often produces ble -2 “headphone™ structure created by twe dots of chimo-
heavy parasitemia with double rings. and “headphone”™  matiti o the same ring,

forme. The microorganism Soes 0 cause enlargement of the

eyloplasm of the parmatized ecythoecyte, but it may induce

formation of large, purplish Maurer's dots, 45 seen in the ¢en-

tral e blood cell s this prepication '

15-37 Piasmodium falciparum. A |ier lrnplmﬂlu 15.38 Plasmodium falciparum. Thick blood
g s o the right, Thisstage s not usglly obsorved spec. smesar, Muolizple ning forms ane visthle.

irtiens froen pithents witls a 5 fifidperiuns ofeetion, However, 4

ts Treguenthe found in cmes of infevtion with the other three

species of Plasrmodnm,
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18-39 Pioemodium vivaoe, The infoeied red bload cells
cart e enhirged up o twice thelr normal size when nfected by
E vhuz or Poovade: Fosloophllie evtophsmic stippting. colled
Schiiffner’s dats, one olso present in ervtbrocyies infected with
thiess two speches. This infected red blood cell is enlamged and
displays Schiiffner’s dots,

g

15-41 Plasmodivm wvivax. Alilioagh double rlng
forms e suggestive of P flciparum, the large cell sbioe and ol
tlerirs Schiifiner's dols help to ldentily this [ofection as P vy,

15-83 Pilasmodium ovabe, Infcctod crvthocyies may
develop i limbriated odge, shown here.

o‘lnﬂ

15-80 Plasmodierm vives lolcciod coll show Bne
stippling of Schiffngr’s dots around the edges anil the typical

hemy chromatin dot.
' (e ru 7

o‘o“

> o:o & "

15-42 Plasmodium ovale. [he cnlarged see and e-
regular edge of this infected ervibirocyte are Wypical of P ovle
infection. Schuffner’s dots, offen present with 1% sviale Infec-
Hheints, mre wbsenil hisre,

.-

15-44 Plaamodiuom matarfae. [Lod-orm tropho-
eoite, stwn abmos] exchuslvely n B smelirtiee, Schiilner's dids
e absend ln kdectioed with thie speche



15-48  Piaamodium maiarine. Schizons in i typil
ot formatbon. The schizoris of this spectes typieatly con-
tulse six to 10 meszoites. Flemomain pigment. boown in color
umvmmmmhmhumﬂrﬂmw
‘speckes but ts most peominent in P malariae

18-468 Plremodium vivax. Thick blood smoar
(xBBO0). Mutuare schbonts of # viswr huve on the inerage
16 mersroites. although the number cun range from 1210 24,
The pigment bs usaally galden-brown and ot very prominent.

15-48 Planmodium mm;m—ﬂmdﬂ'
mmmﬁ}mlﬁcﬂmdmm this species. Petipherad
iownd. revinls only puncteytes pod rlig foems bn P fakdparin




15-50, 51 Plasmodium vivax, macrogametocytes. |he micre- snd macrogametooytes of 18
whiex, B imaberiae. el £ v e Darse, ovl 1o ot bocdies. The chromatin of the macfogametocyte s usu-
ally more basophilic than that of the microgimetocyte.

18-82, 53 Sabesis microtl. Blood. Glomsa's stain («1260). [| 1l s nmsmitted in
the Unised States by the tick Joodes saplarts, the simi vectir that transmits Borrel burgdosfer), The in-
ursietytheoeytic foem of Baibeshespp. are rourd 1o oval and mesure 1w S gm in leigth, This microorgin-
kst oo by asevainl bidding into 1w tot b dsghitir cells. As showen in these two igures, 3 miono)
infeets BRCs and produces small, ringldke forms, with o seant amoont of evtoplaem and & minote chromatin
dot. Soupe of the RBCs show th: charszieristic tetruds. In some preporstions, thess totrads may appear with
o “Maltese eross ™ configumtbon. This microsrganism houkd be difierentiaied from the agent of malans —
in pearticulier. ! ol tparim. [n addition to the prosence of the twerads, in B mirad infections; extracelhufe

mﬂnmhhnd while the briwn pigment depestts of hemozoin sbservod in I‘lﬂmnhump.hﬁn
tions are absent.



15-84 Lofshmanin spp. Promastigotes. Cul-
ture. Gikeman stain («1250), of Leish-
e sp e found i the gut of the sandfy where they repli-
eate and subsoquently migrate: 1o the proboscs. The

yertebrate host i infected at the time of feeding, Asshown in

this figure. the promastigetes are chgar-shaped, meisuring 10
to 1.2 pn in length, and have @ cucleus i ibe center of the
bedv: The rodlike kinctoplast is bocated in the antevior gt
The flagelioum extends from e anbersor end. and gn wodulat-
Hm:ﬁhmmhnhcmdnum:iﬂuld:m
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15-55 Leishmania spp. Amastigotes. Blood
preparation. Glomsa stain {(=1280) The smest-
m’ﬂmmhuhwmwulm#mmimimm
lengih by 20 1 um bn diameter. A dark-stadning kinetophs
cans bee oberved chose to the ke [ some of e

loms. This s the only stige found in humane This microor-
gstibsm cun be confused with Histoplosmn copserlamum, Toro-
i il el Tryputasatra crus |

15-56, 57 Trypanosoma crusi. Blood (15-856) and culture (15-57). Giamsa stain
(x1280). Typicul Cshape trypanomastigste of T eviiel (15-56) This microorganksm s the cuse of the
Amevican irypenosomiass, of Chigas” dissses It mgasures approximately 15 10 20 pm o kength, bus o
central sucleus, and @ cmspicoas kineloplst. The free Bapellum measures $to 10 pm. and the undulst-
ingg eriembriane b nod s prominent as the one 10 the Afrean rypanosemies. Figuee 1557 demonstratesiry-

patisrnistigntes of T eroad prowing in NSN medlum.
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oy i 15-88 Trypanosoma rruocei ik e
- Mouss blood. Giemasa stain [<1250). e -

i . 3 . werse nnd T hrucel rhosleelenge mre the s Gpenls

3 g 1 o & 2 Areon trvprnasamiasks, o sleeping sdcknes. The
3 I'- o - -.-

- " | Ly -1 e - 1 v - | =
PR ESTUROELCS O L AFINT QNIFRIRe FLRT SHEVE & MUSTLE, B KIT

% r
1 > 1 {ospiasd aled ol the Munt postenor end, and an undolatieg
i rF - membrane with o Bagelliem. In goneral, the iy panomasti-
- 5 " ) g gres e spind |l e-shaped and mensoee J1o0 10 pm in lengrh
! 1 i a
‘
_— 5 i {
- il s
* g . -
] I

50 15-889 Jdcanthamosba ap,. Cyst from agar cul-
s ture. Wet mount (*S300). The cvats of Acmthemeebe g

« s -
o : . e e sphenicil ind meastire approximately 150 V5 um in di
i
- ol ""‘\_-'. v e wpienlly the wall Has two lovers. The cuter wall is
b 4 ) Fik et : wrinkled, while the internal wall may be smooth or may aps
| - ! ) & f e o ’ el oo pondal o toherical. The trophoxoiies of Ao hamocha
; ;-ET: e iy Ty e b e lnrge, measuring 240 to 40 pm n diameber, and have this
| 3 e O e Nl crtensians called aconthopodia (pot shown b, The eytoplas
e : !' ol 1 1"9.'4 :: * .' e '-1-'_, ippears woegular and contams dilferent tvpes of vacuoles
A T N PR e Thet Kmrposiowne B laipe amd cemtrally locsted in the nuches
= ot i, Mo poripiieral chromatin can be observed 0 Lk mEcren
b deiiligm
J
.
L
r I-
>

15-80, 81 Acanthamoebas sp. Cysis from agar culture. Trichrome stain (185-80y
«12850]). Calocofluor whita [15-81 <B5B00]). Will: irichrome dain the mambriane of A
ju s pretm-cyan Witk e Ly Ikl wriinsbed appeit e, The Covtligrlasan slalms redd. and Le nudbes has
a peroendesend K poeorne surroinbed yoa ctisnr hade, WILh the calcediuor wehilie stabn. the (vplesl wrionkls

appearance of e cvst wall [s very disginet
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15-8F Ascacia [umbricoldes. Fortile egg.
Feces. lodine stain (<000). The pical ferile 4 fum
bricoides epp by yellowbromn, has o thick, mommillsted shell,
fs ownl in shope, and measunes ipprosintely 60 % 40 jwm.
These cpgs may lack the externol mmmillated lover and can
be differentiated from hookoworm and pleworm eggs by thelr
side nnd shape

185-83 Ascaris lumbricoides. infertile egg.
Fooos. loding atoln (=800). The inderile egus of L
Terrreerin'siales e oval. lucpe (approximately 90 % 45 pm. kack
e o e of the shel] layers, and the comtents huve @ het-
eroar e s appea e e L e povsence of Gl globalesand
rfrictive granukes.

15-84, B8 Enterobius vermicularis. Femals [15-84) and male [15-68) adult worm.
The fermabe sdult worm of E yermicularis (pinworm | is white and measores from 8 40 15 mim i length by
approximately 0.4 mm ko wikdth. In contrast, the male sdull worm & much smaller, menmering 2 to 3 mm in
beragtls by 60 06r €02 mm e wibths, The diluted cephatic regson i similar in hoth sexes. while the tall Is pointed
I the lemales and blusted Lo the males. Females are more frequently found in cellophane tape propartions
L Ui e Thie cophialic inflathon of the cuticle wnd tve musculiar and elbous portions of 1the éopho-
gusseparaied by a narcow regon can be obwerved in Figure 15465,
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15.66 Entoroblus vermicularis. Egge. Feces.
todine stain (x800). Occasionally the egus of £ wrmi-
uliirty can be found in the feces. The eggs arc aval in shape.
with one side Butiened, and measure in the cange of 50 = 25
m. When the eggs are laid, they are partially eobryonited
and, us shown in this Bgure, no Lirvae can be observed Figis
reach the infectous e 5 1o 10 hours after they are lakd,

15-68 Trichuris trichiura. Male adult worm
(= 7.8) The letiale wirms med=ure 20 1o 30 mm, while the
treale Wi range from 35 10 45 o, Do the made, the
posterive end is colled, while In the female it s araight. Rath
-sexes huwea whipltke overall shape with o shender anterlor end
atid o Wibcher. shart posterion reghon,

18-88 Trichuris trichiurs. Bgg. Focos. loding
stain (*800). The morphology of the T irkhlime egps s
{airly charatieristic. The epgs are tval in shape, measaring
50 % 25 i with a thick byaline wall thit b two distine
el condensations, or “pligs,” ot e end. The cpgs are
ol embryonated in the govls. BEmbryonated cpps may be
Sl s the sl 2 b 3 woekes aller thiy are passed.

15-87 Enterobivs vermicularis. Eggs. Cello-
phane tape preparation (228). The lemales Ly
e ol g ht in Uhe perianad regiom, Ths, thie best tine to col-
hect the specimen with ceflulose tape s early in the morning.
Thie shell of the eggs s thiek and hvatine, Tnsome of the sgis.
it by posadbibe do observe the lirvise (ot shown),
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15-70, 71 Necator americanus. Firat-stage rhabditiform larves, lodine staln
{1B-F0] ¥100, and 15-71 «800). The fni-iaie rhalshiiform larcae of Xeoator amecricames ineaaure
approstmstels 2260 1o 280 m in lengeth By 1610 18 um in width, The buceal el (Figgure 15711 i long.
while the gendtnl primordium ts small and difficult 1o see,

18-72 Hoochworm ogg. Fooces. lodine atain
(=200 The cgus pooduced by Necaper amerfosmies and by
Aniilostome; duodénule are indistingulshable. The epgs are
envitd, largie 0700 = 4l e, amd biooe i il shell, Thess embrey-
ol egea tewee [roam four v elght cefls -t thie time hey are
piszed in the stool. and they can develop first-stage lirvacin a
ek or Dwo whien belt il rovin temperature, This B in contrst
o e Best-aoge larvae of Strongnieldes stermonedis 1hat are
Terueegd divecily Il the Reces,

15-73 Strongyloides stercoraiis. First stage
rhabditdorm larves. Feces. lodine stain (=75).
The Grst=stage barvie ere bound disectly in the foces and are
the dimgrestic stage of Uhis microorginiso. They measure
SUH Loy U0 gern o becogthe By 1 3 200 200 et i wichth, The pass-
sitle mdudt femude incasyures spprocumately 2 1o 3 mmin length
b 340 b 0 m in diameter. The poluied il in the lemals 18
straight. and egps can usually be obsoryved in the pendl troet.
Pertiades are partbenogemetc. dod pacesiic mules o nnd evisi,
The miily i smaller thiin e Regaals worm and cun be kbenn
fied by s curved. pulrted tall, The parmsitc famale prduces
emibirydmaled e i Uie macosnl epitlicliom of the small in
testime. The cotbryomated cgg hatches in the mucesa of the ep
ibelum. and the lrst-stage farvise mbgrate o the hamen and
ity passesd in The [oces, Subsequently these lorvie misture into
Uit I krid-sbagpe Dinevae tha e Indociices.
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15.74, 75 Strongyloldes storcoralis. First-stage rhabditiform larvae. Fooes.
lodina atain (15-74, «1280] 18-78, «800). The e soge levvae of S stereamils have a short
hprenl conel fes sk Bere) bn cond s o the hackonorm Beevcee tlot Bive 1 Do Bucoal canal, Inoddition
b thet 5 sberoonalts frsl-stiace larvie, the genkial priciondiagm s guiic apgarcal (Fhgiire 153050 swhile o the
hookworin larvas, (e genital primendiom entnot be sten

18-76, 77 Sirongyioides siercoralis. Filariform larvees. Wel mount (1578, «T5).
Rhabditiform lorvae. Spulum. Gram stain (15-7F, = SO00. [ i necompromnised pationis

hypoermfection may resall o muabiplvation of 8. stecomnls mothe infesting] Tt drvasion of the wall ind
anviperattioons of (e e st Barvise to il the tissmes. I this ease the patient Bad invosion of the g, and
The lapyvae were observed omea wes munl prepseration and on o Gowm stiln ol hesputum, The fariorm
lisrvin powsesyres A0C Loy SO o b lepget b, e Gall s ootched e slips i), sesd U esophugus eocipies olose
G Fall oo (e Dancly et

Tissue nematodes

18:78 Trichinells spirals. Lsrvee, Muscls.
Hematoxylin and sosin etain (<228), The odal e
riiikle prvluces Lirvme b D destestlinal imi csm fhat inugrate b
Ui s Je, wharte they bocomme encagmlated by the ot 1is-
st 1 s v moeasiiee g 1o 1 o by the tios they e
fuire bl brnitblly Uiy aie appronaasabcly’ TOU e i leogth by
7 jarn b shtarmcier.
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15-F8, B0 Toxocara canis. Embryonated egg (15-78, =8850) and ogg with larvas
{18-80, =700). Dog feces. lodine staln. The eges of T oonivare sphordonl or ol measurdng 85
€ 7%y witlya Uhick wtad plitiod shiefl, These dgies ary patsosed In e leces by dogs. Persons coming into con-
tait with thest fecok, or contaminated il can scgilee the Infeotion by Leggsalng the |-|:h-._-|lu-cmg':._ The in
fetions in frumans is disgnosed by serology or by khentiydeg the arvao in ibdologhont seotfans

Filaria

A e i . W

15-81-18-83 Low loa. Microfllariss. Blood, Glomsa stain (15-81, = S00; 18-82 and
18-B3, < 1RBD). The microbibarae of L los measere sppoimately 240 = 7 wmo Although theshaath s
it vidible o Gieeion ctaln, o clehr hanke can sometimes be alserved serroumding the mikcrunrgank . The
copliahc region does nod have muacken (13-824 Typically for tosix nodie &t (ke tipol te il are sjpaoed
evetly and extend o the end | 135-831, Deerflies of the gettos Clorgsops transmit the micrmifllartas, which ap-
pear b the blsod during the day: The adull mlcreoegansan muces through Ue subenatunesus tsues, pro:
ducirg an intlimmatory reactbon termed Cofaban and cam enter the eye mud migeaie throggh the conjuns
tiva, The lemale il worns meisuce 30 (0 700 mm by 005 mm, while the males are veaally balf that dee
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15-84-15-88 Wuchersria bancroftl. Microfi-
larine. Blood, Glemsa staln [(15-84, - 500; 18-85
and 185-84, =1ZB80). M adult worm measeies < e 10
omi in bergethy ard livess In the heenpladies. proshuicing hrosis
e obstraction. The mierafikiriae ire trunsmitied by several
Einnds of mscsguibtoes ncholdlng Aedes sppe Culer spp. il
Amigghefvsspe The microlilarioe aresheathed and measure np
priislimialedy 2500 i =K g OFnrcere 1 5-540, The ceplialic re-
ghon ks ponered (Figure 15-555 while the 2l & poleied [Flgure
1 5-8k1. Both arens lunve an end space devold of nuclel. The
mbcroliliriae are foumd in the lungstdoring the day while they
earcubite Im thee peripheral bood o nigh,

16-87 Onchocerca volvulus. Tissue soction.
Hoematoxylin and sosin staln (<30). [l microllar-
fae ol 1L wolvolus are poodooed by Dhee sl femile wimms dind
Psercnapme clistrriviatind b ot sk, The Bemiiide blaekfhes, el i
spiL. Mgest thiese larvae when they bite. Foliwing a develop
mental perhod of 110 3 weeks inthe iy the larvoe are agsiin in
fecilie 1o B whien the Oy tedn b The sl s
prodice modules o the sobeulapecis tesues or B fsdal
plames, dhachacereal nodibes are asially well demorcatind by @
ihdck Band of Connective Dssme. Worrs froam hoth sexs are
erabodded oo cheande intlammoatosy idiioe contnkng n
s ood vesseld amad plant cells Micratilindae In the wir-
ropinding conmective Ussiees prodoce an infinmmatoey il
praite 5dth plivsmn oells. cosirapkslls, o lenplocyies
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15-BB Cionorchis sinensis. Adult worm
(flukes). Carmine stain (~18). T adull form of these
trematoddes lves in the biliary tract of homans, The adul
wurtis mpasire dpprocimastely 10 1o 300 mim ko Jengih by 2 b0
& amman i webdih Thoe mbonoor gapisen b o venitral sucles aid
thie collal wieros, avary, s Do Brionebeesd testes occupy mosl

ol 1he body

15-88, 80 Cilonorchis sinensis egge. lodine (15-88, «1300) and trichrome stalns
[(1S-B0, =800, [ Teoggs of O sinemmis are ovold-aod imeasare approsimately 30 < 15 pm. The shell ks
relathvely thick. and there ks 3 wiellJelined operculiom at the aarrew end, wnd o small Kenob ol 1he oppesdie
sidie. Thi epgs releise o free-swimming mirocidiom when haiched

15-91, 82 Fasciola hepatica. Egg. Feces. lodine stain («300). [he tnembryonacsd
epgsof I hepaiice nre lerpe. clongated, and measure 3150 ¥ 80 um. The shell iwthin with 4 small sperculom
thnt b diflicult o see. The operculam can caxily be opened by applying presure W the coverslip( 1 5-92), The
paduilt worms are large, measuring 10 % 15 mm. and live in the liver and bile doct where they produce e
thiat are discharged into the fece.
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15-83 Parsgonimus westermanl. Egg. Fecos.
lodine stain [«B00). | heseoggs anre large, usually 106 =
50 . oval, with u thick shell und a well-defined operculiom
al the broad end. The opposite end s thickened bat lacks 3
knob such as the one prescil in Diphpthebotfirium katum eggs
The adult Duke fives o the fongs of humans omd moasares
LEY X 3 pnon (v shwewen 1,

15-84, 98 Schisfosoma [aponicum. Carmins stain. Adult male (15-94, 10§ and
oeroaria (15-86, «228). The adub schistosomes reside in blood vessels (Figore 15-494) The cggs pro-
disced by the adult lemube nfier reaching the water release miracidia that infect specific snails. thelr inter-
madinte hosts. Following devclopment in the soeil, thie cercariae | Flguee 1595 emenee and penctrate the
sk of Bumans wha are in direet contact with sail-infedted witer

15-88 Schistosoma haematobium. Bgg. Feces.,
lodine stain (@800}, These cyys are lirge, mewsure 150
* 50 o aned bave o transpurent shell with 8 conspleuots
termubnial spine

15-87 Sohistosoma japonicum. Egg. Feces.
lodbne stain [=F00). The embrvonated eges of 5 kpon-
derer e otvold, measuee 90 % 50 pm. and bave o thin shell
and & sl pine.
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18-88, 88 Schistosoma mansonl. Egg. Feces. lodine stain {300} 1he cges of &
mnson are large. 13009 6l m, elongated with a thin shell sod & distinenve loteral spine. At the time that
thee epies ure pesesd [0 the feces. they contidn o miracidium Ul in fesh prepartions cian be séen moving
In (odfime preparntions, thee mirscidivm may stain dark iFigare 13-94),

Cestodes

15-100, 101 Diphyllobothrium latum, Egg. Feces. lodine stain («B00). [he copsol 1
lisd it iare ovoldl. aessiiee 610 X 50 e, and Bive 3 relatively thick shell, The opervulum isnot very disting-
T, mnad ihe sl knoh locsted ot the cpposite end B mony instanos cannot be ehserved. The opercadunn
can ruptire as shown in Figore 15107, At the tne they are pasad in he foces, Uhe oy ate uncmibry-
opuied. [F pakes approsimadely 3 weeks bebore a clllnned embiryn develops.
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15-102, 103 Teenia saginats. Progloltids.
Carmine stain (15102, =5, 15103, «98). [l
gravid proglottids messure approximstely |5 mm b length
5 0o ¥ miem in width with ihe gembtal pore kcated ai the Liberal
mariu. The progloitids passed in the leces can be identified by
injecting Indiaink througth e latgral genital pote zod couint-
gk Lhe muimber of primary aferal brosches ol (he uieris.
Proghotinds with 1) or lewer Branches bebaege b0 T sollam
while those with maare Lhan 15 lateral branches ore T sapinina

15104 Teenis solium. Boolex, Carmine staln
(=183, The soolex of 1 wolitim meisures | o i diamsles
b Jour suckers. and u resteliam with Two rws of hooks, The
aclult worm can measane wp o 5 meters. The lide cycle s stml.
Lt thval oo 70 Semelouitis, although (he epgs are direcily Inbec
onzurs Coe DLERIIAELSS

18-1058 Teenls sollum. Cystlourous. Carming
staln [« 18) [nlfcctions of humams with T seffurm oicur in
mrvas where pigs are brad, Togestion of the cpps of T sslinm
tay mesull i cystioercests, The e hatich i the small intes-
tine and telease croospieres, whiloh one carcied in the Boad-
streant (o distant tsaues, when they mature o cysticerc
Cysls potibdning o yatbiaeoct iy be formed in the centenl mer-
i syt skl musche, and skin: These ovsts are umally |
L4 ern len diemeter and nre filled with n clenr Buld and & sin-
b s thag b v psirinmted
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15-106, 107 Tnonin solum proglottids. Cormine stain. (15-106, »5) (15-107, *15).
The grawhd proghstikl of T salium have fewer than 13 loterad branches en each side of the wierine central
come, Thiese progelodUieds imeasasne seronaed 10 mm in bengeth by 5 oo in widih

15-108 Tasnia spp. Eggs. lodine stain |« B00).
Thie egpsal T sapineo and T_soline ere spherienl, measuring
approximaiely 40 pm in diameter. The hell b thick with & ra-
dial striation and can stain quite dark. [n' fresh eggt o thin
ouicr membranc can sccasionally be observed. Tnside the cgp
there 18 gx-honked embryn, [ S important to e able 1o ob-
sepve these - hooks for feal identiication. Thése eegs have
the sume mor phology as those of Lchimoroorus spp. The s of
L sogremati g nod nfectious 10 Brans, (o contrast o those of
T ol The egps ol T sogmmtin are imgested by calile, aml al-
fer several monihs ey develop o Ul musles uno cyvsticercl,
welilichhene Trdeciiousdur himas,

15-108 MHymenolepls nana. Egg. Feces. lodine
staln (=1000). The cugs of M mewl woe sphesical 10 oval
il mnessare 50t wm in diameter. The shell b i, anad
ihe inrer erveope bas two podar thlckenthogs Ghat gave rise-ls
four o etghl fluments loculed betwesn the embrye and e
shiell Th e, o onscosgrhene, s six Bl
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15-110 Hymonolepis diminuis. Egg. Fooos.
lodine (=800). Thed epys ate oval, ke, memuring 80
T oy, welth o thick shell wid an Ineee membeane that sor
rounes the ompcisphicre, Thie oneoephene has sbg Dooss amd 5
sprroundid by 8 membrine et doos i Dieve polae [ia-
mimiis

ig-112 Dipyldium caninum. Proglottide. Car-
mirma staln =185 Dogs are e usaal bost of Ui pinsdie,
b B s Gin sogquibie the disease by ingesthon of infctod
theas, The adull tepewers measune up e J0 om. The grovid
proglotibils messiere 25 58 mm, and are divided lnlo sections,
caich cuptiEabng aperoxbositely 10 gy with sis hooks. Typ-
cnlly those proglottlds sy pao genlind pores. are on eacl Lit-
eril margin. The eges cun be fotind socosionnlly bo the leced

128-111 Dipylidivm caninum. Scolex. Carmine
sialn (=80). 1he soolex of this mdroorganism conialns
foie lare suckers and a comical, retracive mosteligm witly sy
evil romvs of smmall spames

15-113 Fchinocooous granuwlosus., Adull worm.
Cormina stain |=80). Theadult wormo! the cinine Lipe-
siormm B g riifoses primesunes < D06 e o et has o ssley
welth fowr suckers and o rostellm with hookdets, and three oo
five proglobiai, one ol them immstune, one matire and ane or
i pramvicl. Do releise e &0 thie feoss which are then in-
gostod by cattle stveen, nod other animads. Hmanes aogquilne the
dise e fnllovwing acehdentol Ingestinn of E. gramdasus opps
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15114

18-114-197 Echinococcus granuiosus. Liver. Hematoxylin and eosin stain
(x300). Hydatid cysts are found in bunans malnly in (e Dver and lung. They consist of an oujer wall
with o laminated. non-nucleated bayer. and an Inter laver enlled germttmutive membrone that b nuckested
(Figaree 15-1 14}, The gecunnal laver ghoes rise to brood capesu bes with socleces. Depeneration of thise srue-
turcs resilts in o fodd matecial known abydotid sand (Figaee 15-1 050 In ths ligure. it is possihle 1o see the
wall of the bydotid cyst and four brood capsaikes with protescoliox. The seoleces are bvagirided in thelr
badies. At higher magnifcation, It I possible to odverve the rostellum witls e hooklets (Figure 15-1168)
Micing the hydatid sand insiline miov coose the seoleees 1o cvagioate (Figure 15-117),

15-118 Echinococous granulosus. Eggs. lo-
dine stain (x800). T epg of £ grenfoses are identical
te the ey ol the Taerta spp, They are spherical with a thick.
rasfialdly stristed shell aml meisaiee 30 60 40 wm in diameter,
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Structures Frequently Found in the Feces that Require
Differentiation from Parasites

15-118, 120 Yoast ceolls, Feces. Trichrome stain («1280). Ve cellare wamnlly roand 1o
owul sl sy staln difTorsnt colioes ranging fron jgreen (o blue to pod, depending on status of the wall of the

micTonTEann

15124, 122 Piant colla (15-121: wot mount) and pollen grains | V5-122 Trichromes
atain). Feces {<1280) Pl colls snd pollen grains can Iroguently be secu b fecal specimens. The
alant cells can widely vary In size and morphology (Fure 15-1.21). Folles usaally ranges 0 size from 15 1o
0t il Tk maieral brown togreen eodoe sinee 1 dors oot pick up the statn, The wall may be smeoth
o, 45 in This case, mby have o csdbmed structuee (Flgaene 15-122),



18-123 Piontor apiral. Feoces. Trichroms stain
(#1280} These structures ofe part of the spirvaseulir
bl of vegetibles nnd ane frequently found In the feces,
They ean hove diffcrent shes and degrees of coifing and
shiaiild not be confused witly purasiles.

153-124 Ciliated columnor oplthalial csil, Bron-
choalveolar lavageo. Trichrome stain («1250).
Epathwedial cells Irm the resphridory mucoss can be seea rela-
tively roquently in palmonary specimens. The morphobogy
mny vary depending on how well the specimen wa preserved,

18128 White blood cells. Peces. Trichroma
stain (<800} Pobmorphonucear leukocytes und
mananuclenr cefls can be observed i sfool sperimens, These
crtls can be confused with members ol the Frtamoeds spp. (1 s
impartant 1o consider the sue. e ratio of te noclews 1
evtoplasm (usually close (o 1.1 [0 the whilte cellsh, dnd the (n
ternal structure of the nuclos. Degeneratind mactophipes
that hove mgeded debes. ncluding red blood cells, may be
particudarty diffeull o ditlerentlate from E hvoldion

15-128 Charcot-Leyden crystals. Pocos. Tri-
chrome stain (= 1280). Thew crystals are by-produets
of eosindphils and are cosunonly Rrand in patlents wiil par-
sitic amd aflergic disrases. Vvith the trichrome stiin they uso:
iy staiey @ rod codlog,
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iruses are the most common cavse of human disease. Because of the difficulty

in wrowing them in culture, they have only recently begun Lo be understood.
In contrast o other microbes, mature viruses contain only one type of nucleic acid.
DNA viruses that infect humans include pox viruses, some hepatitis viruses. wart
viruses, and herpes viruses. RNA viruses include poliovirus, rabies virus, influenia
vicus. mumps virus, @nd many others, Viruses also have a protein coat, called a cap-
sid, und some viruses may acquire a lipid envelope during migration from an
infected cell or from the nucleus to the cyvtaplasm of a cell.

Viruses are ecither detected directly in clinical material using antigen
detection tests including immunoserolpgical stains and nuclelc acid detection meth-
ads. or thev are cultured in cells and recognized by their damage to the cells, called
eviopathic effect (CPE] Antibodies to Infecting viruses are also often used to diag-
nose viral infections.

Instrumentation and Equipment

18-1 Microscopes (Ohympus Optical Co., Ltd.,
annm. A brightileld imcroscope ¢ sulpped with eptlomines

thi b Ii The lsorescimoe micn
logey lieboratory fiw the examination of clinical specimens
aned wirises b enliore asiog imeuneiooresoent stains. The
irverted micrasenpe lamdnites Hie ssanple tro e tep, with
the objecies underieath the spercimim. This combjoratien
allewes the examination of The

«-mwiui

AT s LA
R [ [l"hl
r"""‘-—'_".. - g mmpr paren

pvpees of cell momn
ardd in inverted microscops Is on chaded from comrumesclal Goninonies

weoape b fregquently osed in the

b shown on ilee cigli

sitde duning inculsation,
ticuhaior alber clinkcal specunens lusve been in
b iibe, Fhe muorsoka
o |

cell maonaodayer [roan (e botfom i e presence of CPE

,;..ﬂ...m while the colls are covereed by thae siutrsent

pverted mieroscopes sre partieulary maeful for the

e e c———

16-2 Anck with tisauve culture tubes. Dillcreol
Hayvers alriady soodhied i tabes can be pur-
i nn be pricpored in the
aboratory, The monalvers graw on the slde of the Dibe il is
coversd vl tsstie culivre madium when the obe koo i
he rack o placed sl o 1354
sl
vers are obderved under an inverted mi

cxmaminad don ol I..=-!~|.:|:.|J|ILI|1. ciells in botthes, lnsks, mberaiiter
plintes, s Lubes,

17h



16-3 Roller drum (Belico Glass, Inc., Vineland,
P ) This Instnement bobds, sl comlinisogady potiles, FHhes
Lk ool liises, Thie dain i placed eide an incubator ol
375 The holder containing the ubs can be femoved
fror thae ipculamor so thil the lubes can be cliecked loe U
I apparniusis paost Irogquenily wsed or culuring respiratory
specimeens for vireses sucks ae lodloeres and parainlieecea

i
i3

=% =S ' -

18-4 Shell wial. Ashell vial sa 15 % 45 mm gls val
containing colture mediom and a round £2 1o 13 mm glass
ciwveralip on which # mooolaver of cells has been cultvated
T bnoculatea clinscal specizwn, the medium i discanded. the
speckrien Is added fo e vial O tog ol the monolayer. g the
vlal 18 contcfugal Al thie completion of The centeifugntion,
fresh cubtwre mediom b added sodd the w14 B copped and ince
Fustiend SpEnimens aneciod ol crtfnknling Cer G veruses. N
cluding cvtememlovirng,. herpes simples vires, verioclbi
soator vhril s, and the bacterbum St spp, smaig sthers,
iwre procesicd uaing this techinkgne dnee 1 shortens the Time
for identifeation of ithe i':."rmg-.'rp o mey meremse Lhe pecom

T,

18-85 Multiple well plates. ['ostic plaies with 24 45
i D el s vsed instgad of shell viaks by some lnbornineies
iar (e Isobithen of wiruses wod Olilempelis from clinical specis
picres, The maln advanizage of Uhese plates = that they' alhow
fior 1 he shmltanepus processing of malliple spocimens, Prob-
leimny Encluade il g b by ol crems-cush aininalion bt wen
specirietis i 8 lower sensivily of the assuy de Lo, @) least

in par the sliterease [ sanngse vl

18-8, 7 Tissue culturs fnales. Ml o glass lasks of dferent spes can be utiioed o grow cell
micirolivers of oekls b saspension. Oeeee the (ks are seeded, ey are placed inside mcutsalors
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18-8 Spinner botties. This type ol boitle bs weed Jor
proclucing birge quanities of viruses in cells that aregrows
suspirnsbor, o theeonter of the bottle there =a magnetic st
bar. When the batile Is pliced on o sticring apparatus, the
mgnethe bor spins arownd and mointains the cells i SLDe
skian. The CPE cun be visualized by taking an aliguot of the sus-
prnded ool and observing them under the microscope

16-8, 10 Roller bottées. foller bottles are abso viiltood lor grosing lirpe quamtines of vireses i eell
mrofyers (Figure 16-91. The cells are seedled into the bottle with msdam aod the botiles dre slaced in a
roolber baotthe apparates (Frgwre 16-100 located Gsdde an eutsior (el contmnnsy rednles the hottles
Once the cells ane attached In & monclayer around the Interbor walls of the batthe, the viral inocehm is
achded und the bottle placed back on the rotating module (hew Rronswick Selenifie, Bdison. N L)L The e=lls
can bo harvested when the desired CPE bs observed in il el monnknyer



Il 179

16-11 Liguid nitrogen tanks [Unlon Caorbide
Cryogenic Eguipment, Danbury, ©t.). |hjuld nhiro
Ren combadmers wre dsed for Bie g derm prsservation ol (s
suie Cculfure cells-and virwss, Speclimens wnd Bsluies g
unher guid matrogeny, witk a termperatine of = 19%%C ean b

bk aired e s viable atibe for delinhie periods of ime, Al
Ipurghy Tegueied muliscgeen Bonkesaare sell-contalmed, iLe. they &
1o ped electrichty io trdidnlaln the temperntore) ey nead in
W e precntisdied with Beguld nitropen on o regnlar basls heciiss

e nullrogen s eooniinuoarsty it loss due i cpiporition,

Detection and Identification of Viruses

18-12 Adenoviridae. Adenovirus. Direct fluo-
rescent assay. Nosopharyngeal swab [«300).
For the disvet shetoction of adepmcirns-infected cells. o o
mcndcsal ani-adenoy o aniibody |8 vered anbd &nd g-
cubaied wiih the fnes] specimien om aslide, A poat anlimoe
[enisrestein-Labebed conjug with Evan Blue counlerstam is
L mdclend; Avss e Biere, ol ve ooeg TS Eve &0 .||.|'.|-|'
green stippled stalning of the nuckeus
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18-13; 14 Adonoviridoo. Adenovirus. MRAC-5 cesills. Cylopathic eifect {CPE]}.
Fhase contrast (~228). Aderovirees prow weil ina vacety of haman cell Goes such as Hel o, HEp

2 Al A, und van also b solatod tn primacy buenan kideey colls and in detal diphoid Gboblad. such 5

ML= 3, foll culbneres, Typicailly the knittal C7F apoerrs ot 5 5 chis st comslsts of rommdios of (adividoal
Ccolls i Figune Th-11) (ul subreguienily bocome signifficnnihy colargod and ne raciile. glving the appearnnoe

o buabloonrs, As the CPE contintes and imolves the surrounding colls. it forms graselibe custers iFigure

b1, The CPF usunlly spreads to the rest ol the nusiolaver over & perind o

{
L s
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18-18 Adenoviridoo, Adonovirus. MRGC-6 oslis.
Culture idaentification. Fluoraacant stain (< 500).

T conbirm the ldonditbeation of am aden oy mis reariin
lewd prestenclin HTMRE 1 atl | '.l_'.'I Ilege L nreaieien
\ it B 1 e P hee v toplases aod | e miicleos b it feris
ofln Ademovirmees red e im fhe ekt e bl
e il e ahserioad

18-18, 17 Adenoviridoo. Adeonovirue. Electron microscopy. Tranemizalon 1816,
27, 800) and negative stalnlng (18-17F; = 100,000 | =i o el syssseciad of pond g

e oses g b aead, oo, sasd stinl i ey il P Lransdmksien elediron micrascome Aden
||'||: = s bm Tl W wres b thee inaeleies |"| ' ¥ LT L ¥ [} s NS v M TECTES CIRED
b clarilied wnd ofsorved asling e negllve salning tochmbguee. I which the baekpnoond [sstadned dork i
el LD prehinerved e s e 5 Flgare 16-1 515 Adenovimosss measyre 60 1090 nm o disdreber, do i
Ireve G Hu it T R AT and v il o e 3 W N1l
ISLI Ik [ (B B ek it i

18-18 Adenoviridas. Adenovirus. Antibody
detoction. Fluorescont assay [(*BOO). Seven

liecd T Can Iy pal L adislesc ey oMl g bt e
dderevineses inciading eonngalement Thoatlon eas hempagei
Uitlanthary Laduehiilienn, droertse |itermi saia, and Buorssceit

ICTERREE 0P BEERE shomes Ele e le o gl ¥ sl

W e R b iidirect immuncloo recent pes Hums

i | I el 4Ly aEbe by s LT RS
fectoed cell il bl Che colls are Tiaedd i ghins slide. The
1 iroem The pader Pulrbed wilhy 1 P

vkl o aptilicnuan Quorescein -kils o fanfapilley B 1)

1 1 1 Ly o= -l i - - I
nedded, sl the sgecimaen is observed asicg o Tuersoenioe mi
crimoope. I el s s s il e { i cel

[Eay I Ea el
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18-18 Caliciviridae. Calicivirus. Feces. Elec-
tron microscopy. Negative staining [« 300,000).
Caliciviruses hove Been Menbified s @ frogquent cilse al gas-
trovnten iy i youbig children, DNagoess reguires eléciron mi

TIECOP OF InlinUnesTuisgcal testing. Thete virons dre
srherical, 33 1o 40 mmin dumeles with 32 coapeshaped de
preseusis and woosahedrol spmmetry

18-21 Horpoaviridos. H-rplt simplax virus

(HEV). Skin lesions, (15101, in genersd, produces infec.
thouts in the upper part of the by, arhide HSV=2 s reguently
isoited from sites belo the wakt, inclinding the gonitalirch;

Khim g !'*l mitcocutanems kesbons. in the foerm of fhold-fillsd
vesdcies npprodimaledy 2 (o 5 o o dismcler, goohve over a pe

,1..!.1‘ to 14 divs. At the timwe that vesicles are present. dis
et antien detection from scrapings of [esue al the yeicke
bt pdng monoc]ooal antibidies sa lkgkly specilic and sen

st e method

L Tradorey 151

16-20 Coronaviridme. Coronavinue, Focoes. Ehea-
tron microscopy. Negative staining | «100,000].
Corotaviruses hisve been associaled with acute upper resplri
penry Dt Enfections o childein and diprrben) B esss in okl
deen arsd aduhs
broes arlerosggy . sludbes ar
Irac bus Blssue culbores
plererr i particles that memsare 8000 |
Ihis Lkl of viruses (s namad for the claub-shaped peplachers
Ivirilly encoded progebns i that peoject rom the envelops and
thinl, i =hinw Bwere, ferme o thin Border resiembling & Teolar
covomll” under electron microscople exnminanion of negas

theely stmined e fiod

ldeniilicatlon of these viruses rogulnes elec-
culture In human emboyonke
The coronaviruses ore enmveloped

200 m in lnmcter

18-Z228 Herpesviridae. Herpes simplax wvirus
(HSV]. Direct antigen tesi kit (S8yva, Co., San
Jome, Calif.). A syt reguintly used for the detection of
certain plbopens. sk o HSY and {elnogdle rarluamitlz =
showrn i s slide. Svmabs are provided for colkect ng speclmens

froim the eve. the female corvis amd 1the mude urel b, or ol bher
by sibtes. Onde the specimen B eolhated, the swab ol
ek the jpbaoss ik apid Baaiive bs sldibed, The stide. enclosed

ted 10 1he lnboerntory for

e prowidod comtilnes
stalafng with o thoeresetnadabeted mosockonal menibody

b (b soilaemeid
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18-23 Hoerposviridoo. Herpos simplex virus
{HEV), Direcl immunofluorescont oassay (DFA)
[ = SO0 1s wbdnbg w l1 sp LbC moaoio bl
L | el eells collis i Trioemn D Bike sl HEV vesbole allows

o Fihie Popel cedecibon el |def tiscaion of 1f 1

I this teehni Ty b e s serpabive ik o
Fi b thye mchvEmiage Lhal o vl vles s plof ioguilresd o
ddadmimg o pesiive n anlt A pddited ] nedvntieee 140 {14
st mes Are i nartiy alter cotleciing the specitn

A ahiogn im this DRA-snboed stide, Infeeted collsshow

smc=Eroen Huefewonoe i bat 1o oismm amni - 1

16-Z24 Herposvircidoes. Herpes aimplox vires.
Corviaal swab. Horsaradiah poroxidase nimin
(=300} Corvioal spocimens: onllectod as e Prip smears, din

| o VWELD -|'|:':" stibockes to TRV A shyownt ber
fecid colls statoed with horacenish peroaidivss have o brown
. =
L |
[ - i
g
=
>
4
=

i8-25, 28 Herpesviridas. Herpes simplaex virus (HSV). MARC-5 cells, CPE aaan
under phase contrast [« Z25). | 1H) a2 gorew pieplelie e vl g, praducins © PRI 24 o3 8 o

Several cell lines cin be wsed to melite and blentily these virmses mcluding humdn dipiold Bhrobllsts
s WAL -5 o WY 55, and primay’ rabdil Kidney celid. As showm o Figure 16=-25, carly UUE i charmncts
i Bar e, rouind Cebls appeaining a lucalized [o0 inscveralorsas of the manaaner. The VI Progressesr

; # 5 ey s usgeally faobyes e enldise whiyer. (B Ok T et L ledleyd 5

¥

(111 8 % 1 D el IlFI][.I"_.
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18-27, 28 Herposvirddae. Hoerpoa simplox virua (HEV). MBC-5 celis. Shell vial
culture. Fluorescein (18-27F, ~300) and horsorndish poroxidass stains (186-208,
8. |he mcholayers wore stalied aller 48 Bovrs ol eevthatbon. After Beation, o Bueorcseeip-labelind

e ligaad untibadly (Frpaeee 162770 or o heeseradich perocidase-lnbeled antibody [Figure 16-25) wus ased
tik et Hhe Infected cells. Specific mosoclonal antibodses to W5V 1 ind 2 can be used seninately o i com

B tion, this albinving for tvpienge of 1 solicle

18-26, 30 Harpasvicidse Herpes simple s vires (HSY). Transmizslon oleotron mi-
aroscopy (16-29, <100,000; 18-30, 38,800 [Tie lumle of Herpeairidas o several imem
hers that are frequent human pathogens. incuding HSY | and 2, cytomegalovires. varoella soster virus
ind Epatiin Barr virus, in oddition 1o the recently discoversd LSV B, HSV 7, and HSV X, All hawee o stnblar
marphisoghcal sricture consisting of a cylindrical core containing the vird DNA. mn loosahedral copsad
that mycasaeres 40 1o 11 nm in dismeter. a granudar zone thit surtounds Uae eagsil. amd an external emn

ppe. The comrplete virnl partisle messures 1RO Lo 200 oo in dlameter. Asshawr i | girre 1R-29, the vinil

particles form o the bost cell meckeus, but e emddoge b acgudeed ol the time of bidding through 1h

viellulor siembr e (Flgure 16 50
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16-31 Herposviridae, Horpos simplax virus
(HE&V). Antibody detection. Fluorescent stain
(=) Human diplold cells Infected with KSY | or 2 can be
PBsrrmLe b thadics (o thesy viruss o hig

muan werum Fheee 18 0 et

115 %R o i A

L rnamanl al Cooss reasciivily
betwoet antibodies (o HSY 1 asd HSY 2 and thas, thess neses

shoild not e B [5] 1'r'||l."|1-'-1lr|.=" virus cliieng the in

1 wi detecton ol pnilssdies T

TLLhCES & oW aikasde [om thint

i i a 'hn. — -
ection, Western biof amaiysis

ipeciie FISY 1 amd [I5Y 2

|

18-33,
Immunofluorescsnt ataln |« H-l:H:I} 1

248  Hewrpoeswicidod.
ety detec ool C MY In e ::|I..||'| w74
ngubated Fo
ity LALS
topathic elfect

o lasinin

e enbrore i Lo AX hours ol 37

1 ore of thic igens As shown
can be detectod, Monolméers slid

luoressenoe. Barly UL ciin

|| o | i
nd srhasglicotn
1 Plzure 1633 staning ol the nuclel occurs 'I:-' T
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16-32 Herpassvirides. Cylomegalovirus [CHMW).
MRC-8 cells. CPE seen under phase contrasi
(x2E8). UMV hax species-specitc
Phus, b diphad Gtwoblast cells, cither MEC-3 or Wi-15

growth requiremetis

ey sl SO cultane 11 sl o LR aro <ow Lo appear et

paiaily are vielble b S io 10 devs, 2o codieees skoidd be main

tained for ap o 21 davs, CPE |5 charmeioriaad by D prosene
ol roerd laree refraetile cobls in eloneated Bl parablel o1l

o aixts ol the monoayver. The O PEspreads showty o,
resull, the siy
for &xtien '-\.1. [T

1 T L i e

FFOLET ML % ek T FREC RO bty
In imost Instances, nkes the in

8 SRS MOrORNTer 58 ok 1|:"||=' a1

ik OF e

ﬂ'ﬂnm.gnluﬂm! (CMV]. MRC-& oalls. Shall wial.

10 SEecl] viol contrilugitbim o faas alloaad
vriuegsitton oF e speec e ombo e il
stk hsd wlth i oo

r infection show hath niclenr sancd o
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16-38, 36 Horposviridao. Cytomagnlovires (OMV). 18-38; Kidney. Hematoxyiin
and soslin (HAE] stain («500). 168-38; Lung. Horseradiah peroxidase [HRAP) stain
§ < md). Thsurs infecied with CAIV may have nuclear anid eytophisinde [nclusoos, The miost characioristi
ettt e e buisbons havy the spoearance of dan “owl's eve” asa resull of the retracthon af the thsue oo
ing the ¢icar b, Cranular ecsinophilic bnchesions i e odlopbess sre mod 5o 0 ineiive, This Lok
wre visibie o R stained prepsaradbons Ergare L6330 b He mse of specifie3n Hisielics biseted with HRP ol

lemw B i insoee specilic anyd sermdlive Konilfcailon Fhzure | 6- 1R

18-3F Huerpeaviridae, Cylomegalovires (SN,
Antibody delection. iImmunofiuorescont anany
[« SO0, Klonolivers ol hun il asrs ire infecoisd w
LN bor e as the salwtnale Jor this sy | s limportani (o
by @ mixtore of inkected nnd noninfected colis n the mosoe
bz ey order b G able Lo dlser i befyeen spocific and
paresprectes stainlngl. The specille CMY stainkng shoaild be
takrty nC i showen hiere, Sercomversion leomm n new
L i o pisihie stin s s o good Indlentbon of & primarey il
Uiy, Himavirveer, o hsnges b anlibody Ubersshould only be e
preied o conjunetion with other dinkcal and [sBoratory
HrIEmeleTs

e
ol
. : i R

.
. I 0 4 4 ; ﬂ@|
" NP e o S
. P W & TR A= S x e y
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18-38, 39 Hurpeoviridoe. Varlcoila oaior virus (VZV). Skin losiona. HAE stain
18-38, =30 and 18-30, «800. Introcpidormi] vesbeke resnl i ron g VAV Indection (Figuere 16 358)
Severul pudibnuciceted gian cells with eosinophilie Cowdry tepe A (teples| Intreucieart inclusions arc vis-

ible (Figure 16549
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18-40 Hoerpeaviridae, Varicella zosler wirus 18-481 Herpesswviridas. Varicella roster virus
(VZV). 8kin lgsion. Direct fluoresceni assay [(VEV). ASAS celis. TPE seen under phase con-
i =300} *pocihc memaclonal antibodies can be lsed for i trast (=228} (I 1 dliphtad farablas] coll Culiures ar

tllembion af VY mfected cell clingcul sumples. Ax el sl laboritories for the dsalstion and identifkcntion of
v here [ trppel B s prisiuee appl VAN | P produced oo Lo appear and Joes Dot spréad

revee | e=eerner i 1he oclens g lopitiesh 1 ] Frapdlly fon el of e memaodive e culiures stowd
featond oelis malnakned for 11 duys belofe they are discarded. Figiine
L] shaows VAV OPE e A4 vl i wkeleh the .k

crvslsts ol swollen, refracille cells. As the OF L s e

ascrjuabres o oot B shupe pontaining o oo | mov

surrnamndod by aree, relfmoie plaod oolls. Spne I

focl cceurs by Infection ol adiaeent ool sinee e vicus |

hiphly cedl-fssacinded

18-4F Herpaaviridas. Varicaelln roster virus
(VEW}). Shell wvial. Fluorescent stain |[-S00]).

man chipdold lung cell € are wied to prepre shell vials for e

e ol VIV Commercially in o Mlorcsrs in=-ran)
ol momeectoenal antihodies are vwsed for st ihe CH
bR Ly 2 Dapwars aller ioctlasione. s metiod. greally

1B8-43 Herpesviridae. Varicaeiln zoater wirus.
antibody detection. Immunofivorescent nasay

faesi W Bdemeificaeton of V£V and speedy wp He profess in

sl deivs coamaparced okl walihiog L Fh Muichear i ¢ :
furplis il =T i b bt i 1l slid (=300). Lell inlodiod with V£ | L D HE ARtegen
i el na 1.4 8 A 14 . i B LR . 10l i
I et LD WAL esCEnT oSt Jor g presEnee ant
w1 Lhaks wlsuks

18-44 Herpesviridne., Epatain-@arre wirum
(EAEY). Commarciil pacticls agglutimation faat
for serological diagnoste. 1OV doos mol readily oo

1 LS Cubis I Elore, L i inoe s i ERY imfoethen ke
breguenily miade uslng seeoboghon] wsky, A serecmiog 10st for
eterophle anhibodiet. gk anhbodics Thasl remct WiIih and
megis ial are nol relhled 1o 1be orpanim produciog (be anti-
b o = bod T ey

bowlv respariise, s omilive 11 reast Oentd I inbections
i | gmds, A Ll .||:;_.'I|..: sy fesl, T Mogsoanol-1y
sl f Frrine 1 b0, Bkl U | LeNacngslonm, Mss. ), e

e 10 el beeterophisie antibodie
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18-48, 48 Immunofluordgscen! lewts for antlibodies O Epsisim-Bary virues sbrac-
twural antigons., elec lop ol antil el Lo specil anfipens of BV can e acooinpliched usimg el lines

irdecied wilh BV as sisbstristes joc e nunugetiaosecomt aadhods, P 3eH- 1 colls expeessing | 1

] ] I|i-\._-||l'| A e L AR 1IN |:'|' Fisul | Fvesb 3 ) st ..-.'|i'.'.. ol L LT Tl % |x

18-87F, 48 Immunoflivorescent tests for antibodies to Epatein-Barr vires sorty

ﬂnﬂg-rﬂ, L '_|i'\-'u|.|_- R L T | i ! MLE i |‘ "l HE) SR I| '\:ili|-:'5|- | | | I i g
welidch th deen bs distritated il I Candl] avToplesm (Hgure |- 1d resrricted (KDL in which
the anhg % oy i Ehe ovicplasm. UVigere 1 =45 shovs antibodics agabost both D ond B esrely o H

16-50 Orthomyxoviridas. Influsnza 8. Direct
15-49 immunofluorascant test for antibodien fluorascont aamay (K1380). woasophary N

against nuclesr antigen of Epstein-Barr virus nens cun b direct e siadieeed slpny [Huirresamin el more
'!‘ﬂm'_ I e Wa el L iy mlse pinedd bor the Goedect o ool a o Bt Lo bndiuienen oL § T S L T || =
il o EHNA st ant eognplomint indiseet e e 1 MerenT g prtterm can be ohserved in the

TR it &t :|||I;I|1.:||'||_ i ' wl Fis el



18-51, S2 Orthomyxoviridao. Influenza A. African groen monkey kKidney cells.

Hemadsorption. Phase contrast [<226). 0hoeegh 0 e pes =it FiE CREE WET

sl o Uve seotintbin o bliseine virwses, continoous vl o geret corrend by iidieed by most Dabae il ories
LT tanin virpses, ot il et parairllieriee, s mir b viruses. nroduce gl i odcing 1l are in
corporaled Into the hosi @ meImnbrane. Aithonegh iege viruses couse ikndn ¢ Ho eylopshie el
pidnis plg nsd hiood oells adhery 1o the host cell mwrndranes when they are adeded 1o tissue eabture cobls i
Dol b bely Db viroses TS pyenomses vl frd el i cernotisiratie o Flgdome §o-3 ], Fltu
| P-3.2 shamwes o oo ool umtofecied monobover of A b e mankey Mdoey ¢

186-53 Orthomyxovirdae. iInflvenza. Shell viol,
Fluorescent sisin {«300). lnocslutbon of the e

men inio & Sl viad kollowsd by =timing al 48 1o 72 Do
wrilly Lhhh i Li T i1 el eil-labe ey rcHor lariiEl s willy &
bowes o e paepled detectn amnd deatlBeation of nllosmes
VI S (TR 1 1% PReC LTI e i M | I'.:'l e
bty ki K i bews: o ey/iogs ol e Brdeered colis

18-34 Orthomyzovirddae. Influonza. Antibody
ditection. Immunofivoroscont asoay, |*S500).
suplement bxalion, enayme immunmassaes, hermagehaninn
Wl aedai b, el Uposesgent snedboeds are nasl for the de

9

wekn ol anldsshes to nllueiss Victses, T il 2hi
ver ol eelly dmlecled whh indleens b Bovr =
spibsirile o of J0r LARC Prisdent anre-tnihacmen aneksodies

g am derect immoaeo i oresoend muthoc
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16-55, 58 Orthomyxovirides. Parasinflusenzas 3 (18-85} and 4 (10-88). NMoasal
wiinahings. Immunoflvorescent ataining (= S00). [ luag babseled copemniend famiaal il s

arg bised B duredt sladndog o climical specim (ol 11T CHS AT LETE

| . i 1
(TR FLE L T JUMCSL TR ALIRL L 1R % [BETAH |} b AF] ERIE OFL i Ot

. 18-B57F Papovaviridae. JC virus. Progrossive
multifocal lsukooncephalopathy [FML), Brain
tinnuo Reciion. ImMmeno o ros dase stain |- 500 ).

4 Fluaresavni g ey immpnosidning metBods ond na
-
: Chidl sk g o e e Sl T the i i gl || driis b
j bty o i b ispecien of. aving PALLL Dn phis oas
ke 1 o] phiad colls st rk Isr .

y = :HJ'.
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q = 5
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16-508, 58 Paramyxoviridos. Moasion Phytoheamaggiutinin astimuwlated cord
blood mononuc b ar Eﬂll culfure. CPE; 18-548 (- 500). Fluorescent staining; 16-589
{200y, Frimary monk v e Viers cefls ame Drogeeemily used for 1 collsthion of the meksles Vi

he resulting CTE may constst of spindie-shaped ongle oolls o svneviial maltmcleated gaot Periphi-
o bdooed ool loar cells Ruinve adso been Used for detection ol the meashes virus where, as sl -
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16-80 ParamyzoviFdidoe, Moasloo. Voro ooll 16-81 Paramyxoviridae. Moasles. Lung lisowse
culture. Fivoresoent staining |« 300). | o moasl poaction. HE&E (= 8500). \losles virs i TLHTS b The

j

webrads Ll vidls iy sl o il m Mimerostionl-bteded sne s Can poiuce d sEVeT i . | R DR Aimongel al s -
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iB-82 Paromyxoviridao. Mopsles. Antibody
deteation. indireot immunofivoresocsnt aunoy
(xS0 Anribodics o the moislio vlrus con be detecied s

U reehmigques, inciuding conmplermend Doasifon, ol
{luirescenl anllbady stalns gl i imdibErhon
14l P R cssEs Ty 1k -H.I I Tr casles- T e
cll coltnre has bei cihated with pallenl serim s

siainead with o Huorcsseln-cofjubnted nnmiihumne. i

Inkulin B bl o 1% cnn Do deferTea in L 18y

168-683 Paramyxoviridas. Respiratory synoytial
virus (RSV]). Direct fluorescent asany |«500).
poresoein-lnheled monoclona] ani lkes cmn be o bor i
lirect iletecti Ky ey clbben] speeomeis. Typdeal 1l

pren atbpried fluoreseen ol chn o obResved | Le Nicke

sy of find Enlesledd oolis, By sinti (64 L haks shid r)

fa s pesilive bo lemgerature nnd dey comdithons Gl as o redrl
tqueckly Joses e veshlioy umless 1§ is codlect g i
wled 1o i laboralery woder optimal com 18 T, &

cor b wlimscal setounlitnns, Die dirsi assds miiy be moee son-
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18-654, B Paraamyxovirides. nl'l-plll".ﬂlﬁ'l"’l ‘jlni:rl.l.n.‘r viFrus. CPE Iin MRAC-8 ocells.
Pl e tﬂnirnil[l‘:‘ﬂl.ll-.‘ lela., anck MU | % ke Ireqiaenlly ps w1 sitbidion ol

bt LI osakalle agseirs by S-0ee D0 adad's oo b Cloaractesieied by Ulie loeputbom of pouli s cheated glant sam
ol wedls (Fbpare | h-bed b, Uecrgsionally, on heavily positive spectemens, CFF mumw o T A TTE JH I 1 inl
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16-66 ParamyEoviridas. Asapiratory synoytial
wirum. MARC-5 aalla in alell visl, Cultures dentifi-
oation. Fluorascant stodn {v300). L5 can e den
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16-87, 88 Maocornaviridas. I:ch-nwru‘ 11. CPE in MRGC-8 celiln. Phase contrast

(@8 The fomily Mearnaviridse inclodes e gen terawiris, rhinolines, cirdseines, an 1
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18-88 Plcormaviridae. PAhinovirue. CPE In
MRAC-5 cells. Phese contrast (~Z28). Human
diplotd Ebroblasts are often willized for the bsolutkom of rhi
mindirses from clinical spechnens s recomunended tha
s eulires be Ineuhated I roller dooms nsdde ineabaties
st 15 i 3R The OFE B chorcierioed By thie femaotion of
rotifdid ool df nmeven see andd o refractile or ground gliss
mppeariney, Thise ol of CFE wsuilly Become cvident doring
ihe first week and subseguenthe sprend throughoot the rest of
the monokn'ce

18-71 RAeoviridee. Rotavirus. Peces. Bleciron
microscopy. Negative stoining (<100,000). [
Loy jrases st coine o Bl pmamd Copmomen agenis cousig scule
pastroenlenlis. in chikdren. Viauallibn by ebectron mi-
ey was lhe standard meihosd lov detecting theoe viruses
Hi ol specimens wnll sensithve sreymee mrunoassas were
rerveiopils Towy ELA Bt st Tregueenty vsed mdthied for dl-
ugiinds, Rotaviris particles mesasone apgombmtely 70 nim i
diameter and hove (e appiarmnce of s vwlieel. Uhis the mime
Rirtvi from the Latin wood for wherd, The core cominio 11 scp-
ments of douhle-siranded BNA and bs sireounced by o enpaid
thaot s 93 copanmir

168-70 Poxviridas. Vaccinia virus., Thaue cul-
ture preparmtion. Transmisslon slectron mi-
eroscopy | <80,000) |"svvindses are large amd very
commiples virtses with a typhcal brick-shape morphology mea
sipieng T50- 2000 e, Tl ilerrul Bacuncuve core contalns
the RS A genome. oo lveral bodkes-are arcanged aoes e
cuspicanithes of thie core, e f e virion B surcemmndes) by ol
pemabraese. Tside 1he host cell, the virkon miy hive o double
miembrane thit ks kst when the vims B estrodoed from the cell

168-72 Retroviridae. Human immunodefialenoy
virue typa 1 (HIV-1). Tiesus culture. Trensrmks-
mion sloctron microscopy (100,000, SV haa
ey Hrmdricil core surrouncded by the vird envelope, T this shide
tritmiverse sections of e core appear roond and electron
chersis. That virlons metisore S0 0 100 nm in dinmieter and
haree ghecoiproltin projectlons. &5 shown bere, thil meisure §
o 10 am i digmeter. The vicions bud oo the ortoplsmic
membrane: af the hodt cell. (Special thanks 10 De Fdward
Robinsnn for srowing this prepaention of HIV=-01)
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18-73 Robroviridoo, HIV-1, Antibody detootion.
. - Enryma Immunoanssay. soreviimng b I prewsioe ol

i

aniibehies to HIV-1 & often porformed by E1A, The antizgen
nases) i LR st i I:-::ur il HIL P Fli=s e HIL 1"
i

comsinenl prodebns s ey Been eapresed o B oot or in

afiether Depeol veictior, Thie senilized b atiached to o zolid b

tanch oS thae plistle 1 the pothenn sampiles
e nicibed. Followeing incubation and woshing, an snzyme
Imbefm] pntiiiman mnfibody 4 added . The samiple is apa 1-

cibnad and 2% .'|=".'I1 ‘..?;illll 1 Al tAe sssbefrtte restoits ihe

ormatian of o color reaction | frst tobe on the led ) that can be
mcisured with a spoeciropliotemeler. A Dodilive ElA o

shoila b nfirmed by VWestorn blol of & munodhors-
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168-7Fa4, 75 RARatroviridas. HIV-1. antibady datection. Wastarn blot best. [nmon

blotting ixsimiler (o enzyme imemunoissrys (ELAL The mbcroorganism of nterest. in this cmse FITY 1, 08 s

rupbed using o delersent and heal, ond the various Vird components (antigensy are separmlesd inoa pel by
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strument {Fhymre Fe=74, Binitad. H renles, Calify, Serwm fromn 1he patient 5 meohated with sirips cm
from the membrane. Aler binding hins occurmed, enevine-labeled antibiman ghsbulin and the subsiraie for
e efveiie are moided, A colored endrmalic ¢ '|-|;-'a-u.:!||-r|-_r'-' s ECEdd I LD reEhon § bhaisds) of 1Fe st 1w

e antibodies ron the sample were bopnd to the antigenks componeils of the pathogen i Figure 1

16-F8 Ratrowvimdas. HLV-19. Antibody debection.
immunofluorescent assay |« 300). [he subirate lor
0l fomt comgiads of wmuxture of V=] infected and woinlecsd

HY eellsia ] lime ), which are used 1o prepan® & Smcar o0 a

midcroicope Slice, The serum (o be tested i added and in

bated, This is followed by & seoond wecabatson with an antihu
man  unmunovglebolin  conjugaled W Qoorescein | Bo-
fscyvanate. Fositive TRA reactions. are dolined as diffuse
cyvioplosmilc Boooesoenoe bul i cerlall mslaides, posilive
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CHAPTER 17 Immunoserology

F or many infections it is dillicolt or impossible to isolate an infecting microbe in
patient material. Antibodies to specilic antigens of pathogens can be used 1
detect the microbe in such clinical specimens. Alternatively, microblal antigens can
be used as targets to detect the presence of a specific antibody response in an
infected patient, Unfike cultvre or diecet visuallzation methods, these immunologi-
cal techniques may allow determination of past infection and thus immunity lo a
pathogen. They are not as specilic as isolation, however, and the sensitivity is not
always as high as desired. If a change in antibody level is necessiry for definitive
diagnosis, the time (o final result may diminish the clinical utility of the procedure.
The figures in this section illustrate severnl standard Immunologleal technigues.

171 Enzymes immunosssays (ELAs) (Abbott Di-
sgnoslics, Inc., Chicago, WL}, ElLAsS o ey linked
pmmnoscrbent astivd (ELISAS) e requeniby. wsad Tor the
detecting o anligens or antibodies in clinical samples. Com
plele ki comtalmning all ihe ivecessary reapents are mow vkl
ille Jor the detection of maoany microbiol antibodies apd-sn
gers. Flgurd 17-1 shows o commercially gockaged ki (top
view' of the botikes ad boved 0 n fonm suppont | for the detecs

Hovpy ool hrepniktls C viros antibodies

17F-2 Multichannal pipettor (Biohit, Inc., La
Jolia, Calit.). To expedite the Testing. muliscchante] pipet-
tors thist alkew; for the stiultaneous defivery or withdrawal of
specilic amounts of bguids from several samples are sl

194
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17-3 Direct BIA. The basic principle of F1A4 1ests uses an antigen or an antibody bound 1o a solid phase
Lofteen i pliestic well e & plastse bead) ta which the putient sample b added. If the approprinte homwlogous
cuinpunei is present, antgei-antbody binding occurs. [n the dirdet KA, o Jabeled antbody (called 4 con-
jiagated agaiist the bound substance is subsequinthy added 10 the reaction. The label i usually an exy i
thuist eatabvicsa reaction vielding a colored end product. Addinion of the eniyme's substrase results in color
developeneni.

17-4 indirect B, Forthis st an mnlnbeled spectle an-
tibody b ndded 1o the spocimen before the sacond lnbelod com-
jugnte s added, Thirsa single conjugate con be used to detect
antihodies of the same Fe type dirocted ngainst numerous dif
feremt specific notigens.: Figure 174 shows o positive reaction
i welhs on the top row (yellow end product of horseradish per-
okl itse ergyvme wnd orthophenvlenodimmine substrate) wnd
negative reactions in the wells on the bottom row. Cher con-
jugates utilizing chemiluminescent, fluorogenie, or radinac-
live subsiratcs are also in usc,

il
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17-8 Complamant fixation methad. In 1he past, antibodies o certun mbectious discags agents,
primarihy virtees, coald be detected anly by comnplement Bxation, 1o thils sssieni an anbibody directed
ngrina red blood cefls |RBC) Beble o bese the RIC onby i the presence ol comgplemment, Tlae anligen agalns
which the antibodics to be deteciod heve been produced s introdisced into the systend. ilong with serum bes
g lesied. 15 Lhe sgrum oomtiing ancibadies. thev veill bind (o e specilic antigen. and (e sobzegum ani
per-nntibody complexes will bind, or “fix” complement. Without free comguiement, the snttHBC antibody
cannnt Wac the RCs, and they form e button at the bottom of & well in 2 microtlior plie o atub

Fheseinsin- conmuoiied
anfdady

- [.‘1

Bt immre s e snoe

Ineci et e e Bin e Lt en s T Flunrmcen renjupoted
hlatind ool anfibeay dirersad
agaimt the primory
st onkbody
17-8, 7 Direct ond indirect immunofiuorascence [IF) methods, [I' melbods con be ull
] Lo (e ahetisciion of specis microbin] onteens and nnibodied Divect (Figiee 1 7+60 o indiredt | Fleoare
1771 epproaches eion be Lsed
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178 Microimmunofluorascencs [MIF) last for
ricketisial antibodies. Suspensons of g rcEctain
udigens, Hivked D rioeriils M. dxar, N, i, K R g

i L axie i dwnnell |1||.|-._ | st L) s o0 g kiaants are flaled

o ok o L 0] ki side. Thee Lo row' 0F weelis bas b
mur ko wlth o iiock pen o demonsirate ow sever! antige

178 indirect fluorescent antibody mathod for

Texoplasma gondll amtibodiese. | (ol fyds ontl

anrface of shdes &ct s the antigen. The soram simpdes in'b

foux dtmmh oie e Ik cee wedl fow tliie MUF (sl

tewtesl are Ervered over the ovsts, and thwe slides are incobit
Gin gdlervy Bbiwdiree of sped e anb fozop e mniibody presenl i
i s Subsequenty polilioman masegatuiin comj
i wellh B Mioresaen) elyas, Buoresoeln 1 hisavanaale, |
Liliedd. mni hoimal combumne & anedved ol 1n o oosltive

-
grere 17-54. Lhe mbcooorganksms (huonescs

17-10 Positive MIFE teat for rlickattainl antibod-
bem. Aler patient serum aind the fuoresceln labeled im
mnnealabulin ore-adde ponillve resclion revends  rons

luoresding microorganisms of the specifie specics agatnd
which the patient ha produced antibody, and may show
wrakly Buorescenl results for e olher species

17=11 Indirect immunofluorescent test for an-
ticodies to Borrella burgdorferd. [ Dooobon e th
vchietal speul of Ly decase. b wsiad ax subsirate, Bolh

bt o [pAl anitbodies can be dedecled
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1F-12 Cocoidioides immitis. Antibody deteoc-
tion. Paasive Immunopreacipitation test. [The O -
miilix pniipen s ploced in the ceniml well of the gol, and pa-
tent inad eonirol sermoare placed 1 1he sx peripheral wells
Imrnuinprecipitatizn of the entigen-antibsdy complex bocurs
Iollincing padsive diffosion of the anticens and antibiodses Lo-
winrd each other within the gel. To ensure specificity, the posi-
e sEenpee mist produce @ loe of dentily with the poshthe

el feg. the precipliatio i bormmed by Uhee pathent’s

sampie merpis with that of the positie contmll

1#F-12 Indirect haomoagglutination [iMA) tont for
duelection of antibodios to Entomocba histolyt-
bou, |1 this test. K istofudled ardben & sdsorbed anto the
wuirliag b Iniman ervtbhmeyies, Ser having apecific
Igks o B anibbodies (o Lhis mbcroorzenism will opglonin

I KR whiesh vl resabl in Ehe appeterinee of omal i
banicam ol the Lbshaped welldin o onberatiter plate. Il the gum-
plit does pol have anlibodies to E hisfolotica, the RBCs ool
s | ocompiacd Cetl butlon (nepslve conlrel cow 2 [n gen
T, paTients with extra=inteaing! nmebiasny devlop aalibod-

iex | 1o Y weeks into thelr permpiomalse fhase, Paalive ad

Fative forum cozirols and nonsensdized cells shoubd b
taed b e best WO endans the spociiicity aod seisdbnity (LT

FeAacLioT

1F-14 Microhamagglutination asasay for the
doitaotion of antibodies 1o Treponema peillicum
'“"t..—TF}- Thils lest by ised 1o detect 1he PO e i 5L i
aintwdicd (o T peelifelrin, predont o potlents with sypliles. Th
angen for the test consdistsof formalinized tannod steep K5
setisitioed walli E pralliale (Nchols steain b, The sample ikra

naendbed with nonpalbopenic Retler eponsmies 1o rewe P T R S S
\ i et e N g o Ny i
cross-reactive anttbodies, Sensitieed aberp BB are then v r r T
i 151. I } i 1 ;

added. Samples compiining antibodies to T pallishun will feact .
Ji i i
b

Al

F o = E

wilh U BBCs. wlabchy vl R - spaood i ool of agelosiinted

corils al fie bl Lo ol Wi prlade fwells | Wlorowgli 5, rom im
|

ihe uther hanal, il 'theredre do antibiodhs o T peiifehee, i LY e PN ol o
nn gl irded BEUs will form o Bation irow 39,
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= 17-16 Detection of antibadien to Coocidialden

I e gL R T T : immitis by the complemant ficntion [CF) teot.
The CF et 1% basesd on the ahility of complement to e RBC
A the presence of RO -specific ancibody. Dhiuthons ol the pa
nend sample, © Frmicy notigen. and gulmen plo-complemoni
are added o 8 microliter [‘|.|1'|-|' and allowed 1o cenet helore o
dandard amwunt ol sensiized shoep BBC and gost antl-shecp
RBC antibody, or hemolysin, isadded to he well. Herolysis of
the sheep MBS ocours only in those wells that contain fres
complersent, indicating the atwerece of a specific antigen-anti
bl reascion oo 3, (or exaimplet). 5o heamolysis ocours o the
welks wlbere comiplamient Hxing antigen-aotiedy comnplexes
uliEeed theommphement. Thos, samples wikh antibody will ool

Ivsae e BECsS, ndicatlng o posithve et (wells | Greugh

e |

17-18 Rapid plasma reagin test (APA). Tl e

PP L e z A e Doy Ct ditecits the presence oy '1*:,;.”' ifllbeslics ' SETH r_i Putbcls
e sgaLnaglasrine s e bl it Trepumaered petlhifan, 10 dhowsgeFrl Dt “ricagein” is
£ e e an ity devcloped ngninst. tse lipids. T ssililbinn dom

apia thie tisue of the hos coosdng Tipobdsl froctions 1o com

o hine with spirorhetal proteine. which subsegoenily stiminle
» a £

1 :
,‘.-'.'*.w a Y B gt e e the progiuicthon of anibesdics, Reagin antibodies ane o8 spo-
cifte B T peeffifome, hon they can be wséd inoa sensiive soroen
i g test, sach o BPR. When the “repgin” Binds ) the RPR
1 ¥
i . antigen. macrosceplc Nocvuletion oceurs, The antigen con-
& ¥ 3 5 i i ; : . : e TR
ey 1,|'r"-":‘.li gistsof capdiolpu, levibun, and chatesers! bound to chancoa
I - i ¥ i & =1 =L -
R 1 s kB B e e e ey purticles, Chollne chloride 15 added 1o block complement 3o
v - ihaiat 28 15 ok evessary o hoat-inowciivite the satmple. Reactive

st sdaoy i ¢ lumiping of the charcoal partleies iop row

1717, 18 Latex partiole aggiotinntion test for the dotoation of Hoamophilua n-
tocoocl [Becton Dickineon Microblology Systema, Cockaynwille, Md.j. Agiulinption
festsusing pobeityreme beads conted with specific antibody or antigen arc easy and mpid 10 porform. At
iem=Antl by o FI'I":“-'-.'."‘ prescii th a posiiie oy shrw l'II_II'I"'|'|:I'|'|'.:



cHAPTER 18 Molecular Techniques

ecause clinical specimens often contain very low numbers of an infecting path-

ogenie microbe, amplilication methods can be used o Increase the sensitivity
of the test and the likelihood of detection. Such methods remove the need to grow
the organism in vitro, a slow and variable process. New methods to generate mul-
tiple copies of @ specilic section of nucleie acid of the microorganism being sought
allow not only detection of the organism. but detection of - specific genetic charac-
teristics, such osa resistionce gene. Problemis with these techniques include conta-
mination from previously amplified product. inhibition of amplification by specimen
components, inability to differentiate viable from nonviable microbes. and interpre-
tation of results, Although the final utility of these methods in clinical microbiol-
ogy Is nol vet well-defined, there Is no doubt that such techniques will be important
Hements of the future microbiology laboratory.

18-1 DNA hybridization. |he A hyboldieatlon tech
tifejuie & o wsiful molecalar methiod for the detection god lken
tification of pathopens. The DEsA T the spescimen B deno o
(e, Lhe T sirands of the %A moleenle pre separnied nsing

bt o alkall erestmenth. A [nbeled dnplestrindsd plece of

DA complementary o 8 DNA sequence unigue 1o Lhi
pathogen being sought (The “probe™§ i ndded and hybridmes
jbindst tg one of the DNAstrandaol the specimen o 0 has
complerticntary sequence (iF the pasthogen s presenl). The
probe v Uven be detecied by various methods, including e

Zyinsitic-nnd rodipgraphie iectulues:

21
22

1i8-2 Andiolabesled probe delection of herpes ;
wirus. Al aoloradiegram macke om Specimens Conlalonbg L
herpes stmplex virus (HyY- 1 or H5V-23 thal have been by 2.2
bridized with " P-Jabeled specific HSVS 1 or HSV- 2 probes (1o 2 3

orred peebiballe el ), oF seAth thee fovo poobess shinBronisonesby | riglii

iy 22
11
1 |

ZiM}

NUCLEIC ACID HYEBRIDIZAT

Turget DNA

"§ DNA dematoration

BN




Meteciatar erfinkaies 2m

1H-3 DMA hybridization of human paplliioma
virus probes. Specimen maresial treated with radhscie
sotoge labeled probes far the detoction of uman papil

maviruses tipest, 110 16, 31, 34, amd 15,

18-4 Gel apparatus (infernational Biotachnol-
agy, Ina., New Haven, ﬂm‘lm}. Restrerien rigtmenit
gk |m|'-'rr|£ arpehiismy | RELP ) anabeis nllows or the detecion
of penelic diffianensox between organiams. Restriction endonu-

s oy creevines thal s Ogniee, M and cleave Ui
%A aequencee When the DX of diferem sopanizime s -
deted wrlth these resiviction enevmes. ragments of dilleremnd
dhre s miny eevdn. Alter enzyme treatment, DNA fragments o

wepaerated om a fl DppaTmi

18-85 Heorpes slmplax virus DMA restriction
patterns. DNA rom ve diferent herpes simple vlros B
Tates wins ¢ lheaved will thoee dillesent restriction endonocle
asrs [fve rowa [ e lesae 'ul.'.lp-hllr.'q-_l [T 1a!

agarvse ol and statned with ethbdlim Sromil
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SOUTHERN BLOT

DNA  Koothern tramfer  Mrmbrane Hybeidtzatian
sbeebraphoroda

18-8 Saouthern blok. This fechnigoe allows for fhe &

fectin of spectlic TXSA Imgments In comgilex IPSA samples. To

performm this fest, the DN is-Brst cof with restriction cndona-
clexies. The different size DNA fragiments are then separated

i el beised oan Lher electroghiorstee oustadily {sie ol
clumged, The DNA rapansenls ary sulseguienidy ransbernsd, o
Wlittisl, oodo a nylbon membrie or (o a8 similir Bel sappoct
gl The menbrane ks e lodericoed will g speecllic |
tehed e madaitnn | T DA sinjlieiice Dparmiosingges ta di
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18-F DHMA seqguencing apparatus [(Intarna-
tlonal Blolochnology, Inc., New Haven, Cann.j.
Four LeA ol il iges i=h

il sEguetces ) commiplernenlar

i o o Lhe slrnnds an LA
Einiers I el of the rendctlons, o dilmend .'r'II'l.:ulll.. lier
side triphosphate (deBSTE) B modomdy Incorporaied. At the
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et caurrd cretinue th

syrpl lieckeed] using Lo

semithiosls snd the stromd 1 Brm
ited. By Tabehing aod separating these (rgments based on
L] ey SO e fr

thielr lenpih, the ONA sequence of o Halail

can be determined

18-9 Nucleico acid amplification thermocyaling
Instrument (Coy Laboratory Products, ino., &nn
Arbor, Mich.). The

chemicnl toechinig

new molecular spprosches die bio-
e by ey i vidre e nucleie ackls of
PRI OOTERnEIE uf iileresl 10 Pallell SPeCimiets. i v T+
pilicatbian ol LA b mediated by LI podyrerase wnid empli
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POLYMERASE CHAIN REACTION

sl ki LR A — _"|_.1_1-.'l.l;l'1. ATE

¥ TAQ POLYMERASE

18-10 Posttive displocement plpetl used In -
ciplc amplification tests (Gllson Modical Bhec-
tronios, Villiors-lo-Bel, Franca). Ampliboalon meth
ol i pesult o the productksn of Billlogs of ooples of Uhe
uime mokecul. all comominited inoa very small somple vol
uieL Al o resddl B b overy eidy o criseedulitumbinaile el 18-11 Palymerase chain resction (PCA) basic
rosens dieriig homdling of e sampdios: Inorder Lo dnaidd cra principlie. This amplcaion react o regulee pia ollion
COTELATTTIGERT Ui, Epedimng. pisitive d "I"I'"-"""-"II JFIEmLS Cltdices. 200 1o 300 s () lemgpl ., oompieieibany G il

o piped Leps wit b apsecial Bbers nre el Hee asl the T sirmpsc ol i A Feleri el sesir [t
nppracimalety 2000 Lo 400 bases in the tiridd modecule
UNA In the specumen s frst depatured by heat, and Lh

% arg adds Lo Lybrdiee b thelr complemen-

LRI LIRAL AL
Lary adramchi Aadditisn of & LIS potymseras (Tag b thist ¢opies
the T ocignal sirinads using the oligenilclectides ag primers

vetiletes the cvele. The Cycle is tepieatend 300 Lo ) Uies il

fro by eoones of 1he target IINA can be dedevied

i8-12 PGCR reaction producits on agaross gel
The amplifled DNA strands B the PCR retetion chixtune sire
spparnied cledtropharcticnlly ond statned with ethidhom bro

midde for visundiention

1B-14 Ligase chain reaction (LCA) or oligomi-
cleotide ligation ampliication (OLA). [hi: freactlion

vligs on the eneymalic activity of a P0G ligase (o mnplily Uwe

tarpeel prw letc micid. In ek LER, Swo olipoauclooldes. o

gl [0 aozicent seqgueitoes (o Lie targel DA sire joiied |

vellaer byt losese pady whenr Uselr ends ame Boois

beee ek bimliy By Doy ErddEaad o 1o e Tempkide: DiNAL Oice
18-13 Automateod PCR Instrumeni [(Peorkin b Vgtecse Toivs commsectogd thie P olligomn clentides, the prosdis
Elmaor, Morwalk, Conn)e The syslom iwlodes o s oo il e Kgatbon & detiatuesd st Uhe larged [RSA S0 Uil bl

A o B0, ot wiwd road the resull of o h.,-..':*.--l | BT !--’:.-.:|-||;|r:|';.-r a8 ioah TR TL RS |

ey T and an

FOH bl s an erEvene-ladeled dieteation sslem 114 Tosl i 8 e
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18-18 Principla of Q) repicasse nmplification 1818 O amplilication far HIV-1 Infected colls
system. |n the O sydem. the comvme Off replicase ampli-  detected by Nuorescent label. Loy 0w numbers of

Fis i wipinal ol Hie probe ond rob the uergss nocleld a . Vol infocied ol can be detectad with tils metod. (Erom
il The probe San BN mokeouke Known as the pedsSriani Pridchird OO, Siefino JE: el virael pufede oulidls b (3
CAIEN | bl o specitee B (ragmtol oo pospivnd i itipdificalicn. In Medical Vieokgy 10k de By Mrsn DA and
plemcnlary piece of KNA or DNA 1 the erganiem 1o be de el EAL e s, New York, 1991, Plepm

treteal. The it baonds To He poouplenwseniary Girpged

and alter removing the wobomisd MUV-1 mobecides, (he Off
repbcase i andded bo replicade Lhe KXA pri

NASBA

18-17F Self-susiained seguence replicaltion 18-18 MNucisic acld ssquence-based amplifi-
[35A). ean mvoblastons viros LAMY ) reverse fran cation (MASEA) method. | «ng composeals sierlur b
suTiplivse, the bac lersoplibge BN pobimetise. and Fivise thivse deseribed o 35K 1his ayetem also amplilles mucls
H are uttlised in the @othermig ampdidication of targe mudlie ks wml Foom lemperatire.
Flag promoter sequienoe [os e T7 BMNA polbymierabie §

1 Pegt), codiplemenitary (o Le largel segoence argd mnclods

ni A L By Al W ey D sy i g
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nemeenl of e BNABNA intgrmediate formed durtng eoch
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shell vinl cultore of, 158
skin lésrons with, 151
traftsmbsion sleciron microsomy of. 153
Hirpes vires
colboction kit 10
radiolnbeled probe deteerion ol 2641
specimens ol, [0 '

Herpesvindoe, 181~ 186
Heterophile untibady, |86
Higpur ste Ivdrolysin test. 40
fir Gardereila vaginadis. $0
for yroup f streptococc, A0
fof Llsteria meinoculogones, 48
Flhist cphexrm catpaatkefin

on bufly coal preparation (Wright's staln), 117

colondesof, 116

dilferentla) it ifbeation ol 115

an 1I|{|::1.1 home marrow preparation stidned with cnleofhun:
white, HIF

lctoplienol coiton blue staimed clonkes ol 117

[ung section shoudng. with Gomon™s mahensmine sl
thi

mixid cullure of, with Cryptocnoris mrsfrmme 118

yocast formool, 116

Homsapenization of spociment, 17
Hookwerm, egi of, 167
Homan inumrunodetickency virus type |
antihady detection of
with enpme bnmunoassay, |93
with bmmimifluorecent ey, 195
with Vwestern blot testing, (94
psitive O3 ampliication foe 204
Eramar et chicinon microacopy, [9.0
Human papliioma virus, DNA hyheidisstion of, 201
Humesolopes dpminuta, opg o, in feces, 172
Higmenalepis rame, cpp of, in fecen |71

Irnmuncdliorescemee. direct amd indireel. 196
Immuncserology. 194199

Indole spot test, 59
fir nnne s, B
Tralhucien A virus o
African groen monkey kidney eell molation of, 188
direct Buoneseend asay ol [57 )
hemadsirption, 25
Indhuoeea virus
antihady detection of, TR
shoel] vial culiure of, 188
I uliam
prepsaniiben of. Jor
farbidiny meter for adpasting, 107
Interstite Shipment of Filolagh Agents, 8
Tosdernowtu beitshli
cyst ol in feces, 149
trogaoaiee of, i feces, [0
Iron upinke test, 101

Taditortysis-contrifugation Hood culture system, 12
Do belll, oyt of. i Foces, 152

JC v m progoesave mulikcal leakosncepbalopatin brain
Ussyie section of, 159

fembee plate. 11
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Kl 72
Ao stain of, 24
Kotk Rlgwae o0 sheep bload agar. 78 79
1 a1t sdabn, 95
modified, b Nooerdla, 53
micdifed, ko Bhodocroeior cquel 5.2
K.If-:;rﬂn axytisar. chamcteristic resctions of, o AP 20 E strips.

Klehajela prwiimoirie
iif MuiCoirkey agar, 57
Wirease ted for, 51

Klelrielly versus Rbodororrns eqad, 51

L

Labowndnry conls, §
Labowntory salety, 1-8
and bbological safety cabinets. &, 7
and disinfocthon, waste disposal, nnd weribzation, 4. 5. 6
malling contaivers and, §
miscodlinenus priactieryd and, T 8
niwd profective chothing and equipment, 1. 2 1 4
Fascoobaiilit Grom stuln of 27
Lacioleicilfus. 46
colozicd of 49
Grmm st of, in vegiond secretions, 4%
Laciaranins, 37, 44
Lage partiels o piaghlinn deisd. oo It inffuenee, §
Hﬁmm ﬂmmmﬂu. and m‘n:p“i?mtrmr. 194
[CR Migase chaln reaction)
Lead soetate strip. Cangpulobocter Jefin] on, N0
Legioniells practoviophila o0 Bullered charcoal-veast extricl agar. 57
Leighmuning
amuislipobes of, 7549
promastipotes of, 15%
Tewevuosioe, 37,44
colondes of, 4%
Levhosnoeplialopathy. progressive multifocal, JC virus in, 189
Ligase chaln ceactian (I{R). 291
Liquilel mitrugen ks, 179
Livsers, 46
Lisierl imonaclogenss
colanis of, 47
esculin Ivirolysls Lest for, 45
Crom staln of, 27
hippurate hydrobesis, 45
Liver. Fehnoenrrus granuleas in, 173
Lowt o, microfilsnae of, 165
Looiller methylene blue stakn of C diphheriae. 409

MEVE broth test fsee Methy | red -VopesProdoneri
Mniling comiainens. safely, requilremecsgls fa B

Aularke 155158
development of, 155

Milireseziin florfur

Giram stain und caloolluor vwhite preparations of ]33

el Sabeepranl's llm“r: g, 32
Manmalinl =il ogar, Staphidocooeus surens differentingion with, 5
Menskes viru

antibody detection of, with indirect Immunofiuscscent

iy, [ 40
b b tissie, 190

phivtohernagphoiinin stimiekited cord hiood manamecheir
eefl enltore of. 159

Vero eell culture of. |90
Methyl ved-Vopes-Froskaver (MEVE) broth test. 5%
AMIC, defined. 107
Microcooensone, 12-14

mephoiegy of, 32

Miwrpiniou
Gram stadn of, 53
infertions doe tn, 33
veras Stipdplocddon £2
Micrahemagghutination assiy for detocting antibodies 1o
_ Freporicpma patilichon, |95
MICRO-ID sirip, E el reactlons 1o, 67

Microbmmunmolluorscende (e
for Mpeophrsme and [reaphicerms, 106
for eicketistal anlibodles. 197

Microsoogpe
brightfleld, with epilumincscence, |76
ireeried, T76

Microgridham, 153153
b feris, J5 3

Aicrogpornm audvim
listophenod cutton blue preparation of, |31
on Sabouratd's devtrose ogmr, 33

Ak mgpariitn st voE damiv
lnstepdvernd cojlon blue preparatbim of, |34
un Suhouraud's dextrose agar, [ 34

A raparrim g
lastophenol colion bloe greparation of, T35
ot Suboyirands e inoee agur, [ 44

Minkek sigmrs ko Wentifving Hapeophifus, 76

Molds, specimen preparation and kemificarion systiems for
144=145

Mulocular fechnigues. 200- 204

Minnsol best, | 58

Marrgefla, 72

Marnuella (Branheinef ) cadirrlois sn shéep blood ogar, 73

Morypane it wrorgun
charictertstie reartions ol in AP 20 B anps, 70
ALY and wrca tests ko, &1 '
NMEC-5 eclls, [i2
lerior
Lemon's metheramineg silver stadn of, [26
lactophenol cotton bl preparation of. 126
straiture of. 124

Multichanne] plpetior. 194

Mttoba el 95101



Adyrobactrriim i

of Lédwenstein-[énsen agir. 97

o Middlebeonk TH1T agar, 97

eoaih enilony of, 98

smicroth coloay of, #7
Auabarteritin dhelated

url Chocolate agar, ¥4

calony of, 94

on Middbebrcisk TH1 1 agar, 94
Mucobarteritin forjuitiom

Cology of, [

iron ek el for diffrenining. H0F

af Léwenstein-[ crsen agar, |0

o Middbebrook 7HIL agar. 94
Miovshaa fertiins ordkntian

ol Liwerestein- [eosm, agar, €

om) Middlebeoak THL L ogare. D JeHT
Macobacterion aparii

ol, W8

ol Lawemsdeinefensen agar, 2%

on Middhebrook FH1 1 agae 98
Micohacterftin dmier, nkcin dooumolion teskg of, [0

Mwvwhacioriun toberidois
cobonics of, 96
ofy Lifwenstein-fensen agar slant, He
un Middkebrook TH11, 96
riacin accumalation testing of, 101

Mycology, 111-145

Mucopliniag
ot thodby detoction of, by miorolmmonaotluenmsoence b, 114
charscteristics ol 103
Moyl hoeminis culonies, 103
Mycoes
“decpeseated, 115=118
rftlscellapoms, 140143

npportimbstic. 113,119 126

speviing preparation asd deniilication satoms o 149=145
subcutancous, 127-131

superficial, 152-119

svulemic, 113

N

Salidixic ncid, Compylobactor fejuml susceptibility 10, $07
" Naxaphorymgoal
eellection sestem. 10
-uregpenital swah, 9
Naitwonal Commitiee fir Clinkea! [uboratory Standands. 107

Mopcwtinr a@merioEnai
cppol, 163 )
firststage chahdittiorm kirvae of 165
Mol disponal of, 5
Peedsarria, 72
AT Quad-FERM + IdentiFisatiom ol 74
carbohidrate utilimtion deatificaton of, 71
{rran stakn of, 2972
;.'mtln-rmﬁin Iibemiificutionn e R idendifying. 74
Mrbarrls gono iy
Gwarm. stain of, 29
o moclidled Thever-Martin agar, 72

frielx 211

Nebusorta snenlightidls
‘v chocnkabe mgar, 7.2
Laram staln of, 29
lingys particle apglutination st or deteciing, 199
on shoep blood agar. 73
Mabsrria! Haermaphiler dentifcation (SNHI cand for identiliing
Mefureria, 74
Nematodes, 146, 161- 16k
imdestinal, 161=164
Issabe, 1A ik
MHI vard (see Netoeran Haomophilay ientificatson card)
Mviacin mccimailation test, [0
Nitrae fes. 77
dizk test, X%
Nocardis
biochemical resctions bor idenlifring. 54
ciilomies il 53
Grwim wlan of, 53
on Bay agar, 53
Nugurdia axsteraldes _
inrmiriee el bobribesis remetienis of, 54
colones of, 54
Movandi brastitensts, amino acid hydrolyss reactions of, 54
Novoblocin seceptbllity et 36
Nuclde acld amplificativn thermocycling strument, X2
Rucleic acid sequence-bused amplification method, 204
Muche: smplificion lests posdtve duplacemom pipcie o 271

NP Lt taee O-nitraphenyl-B-Dgaluc tosidise tist)
tsccupationnl Salcty and Health Act, safety proviskon of. 1
Oershavia, 44
colonies of 52
K suidn af. 28 _
iipooclestile lignilon amplificatton, 201
Enckinorar valvulue, microlilara, J66
(- nitrophenyl - gainctosldase ((ONPG) e, §9
Oipuochile socepiibilily (es
ko S erptacaer s pricimmthee, 42
of viridans sireptoooc, 4.8
Urthomyeovinidac, 187-18%
OSI1A: e Occupationnl Safety and Plealth Act
Uheaciliin
screen plate, 15
Sl ooy anrrld Delistance Lo, delection of, 35
sisceptihility testing of, 104
Chidimse spod Lesd, 59
Dxidatreeermentative modium, 1182
el cohbinhon e, 37
plucose fermentation in. 14

P

FAIN ket {soe phenylalandoe deaminase Lest
Dureifoumyees markefi

bactophien] cotton blue propacstion of 141
it Sabowpraod s dextross ogar, 1)
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Prpowovividae, 559
P fdioddey hresi e ety
in adresal 1sswe, stuined with Gomord's methenaminge

slhver, T1a
differentind identibention of, §15

stilned with lectophenol cotton blue, 178
Targontm westermani, e of, n leces, 168
hﬂyﬁm 3 omdd 4 vireses, immenadlnorescont @aming ol
Parammrxoviridae, 189191
Para Fak Pasastioligy Collection Kie. 12
Parusites, specimen codlipction ol [.2
Paracitalegy. 146175
Pastenriffa. 72
Pasteuirelld nnaltockds v sheep blood agne. 78
PR (polymerase chiin reagtion)

Pellovormes, 37

eolonics of, 44

vancieryen suseepiibiliny testing of, 44
Feniciilin '

Atrepbodicr if pricimremar rosidance Lo, 4.4
PrericiMmin

disigram of. 141

ont Sabourand’s dextroie ugr, 142
stained with caleofluoe white, 142

Periicfiltouy prief
laciophenal cotton Blue and calcofluor whits preparalions
ol 141
an Sabournud's dextrose apar, 142
Fejrlimireplocornus, spol lidole disk 1ea ol 49
Heptostreptococon amuerobiie on Brucells blood agar. 92
ideniiBeation of 40
Frptandreptovanvus amgiur
o Brucella hlood agas, 92
SP5 pesisiiowee of, 92
P proecd reptoineries anarmiie, sdiom polvanethol sulfonale @k
- Ielof BY
ersonal ['rotective Devices, |, 1 1.4
Phenylnlanine deansbanee (PALY) test, 60, &)
Pidalupiior, 1 28
Plilliphira werenaonn
ins cluromoblistomycols, | 29
lactophenal cotton blue preparation of, 129
Peuftowicidoe. 191492

Phvwerim, 161
Piperd. pesithve abplocinient. 203
Pipettor, multichunned. %4
Pland cells verue panisiios, In feces, |79
Plangar sprad weebi paresdies b ke T78
Plagmiodinry ety s

plmelaeyie uppenranee and, 157

ring forms of, 155
ek bilood sinear of, TS5 157
leophaziites of, 155
P laenolirn el
wchunonits and. 157
irogd st ol T 5%

Plesmodiur imeila
erithrcyie sppearance and, |56
Schiiffner s dots and, | 56
1hick blood smear of, 157
Plormwidinim vivak _
macragametncytes, 155
micToginclosytes. § 5%
veran P Ericknaremn, 156
Sehiilfoer's dots wnd, |56
ihick blood sear of, 157
Plistes. multeple well |77
Prrmacysth il
~ Traem bronchoalwolar bavige, 154
fromm g Bbupey, 154
im sputum, 151
Prllen wormis parasiies in feces, 174
Pobymerase chain reacthon (PCR)
nistamnated instrument for, 02
e pisscipie of, 2007
peodocts of, on agaeoe gel, 201
Polymrphonucicar kukocyies, 28, 37
Gram dain of, 28, 53
with gram-posithve bacllll. 75
pm:rl;r dilfreniuied 0k
Porphrln produciion st for Haerophilis infuensae. 75
Porplgromeeua. spot indoke disk lest of £9
-.u:u;‘_}::-; displacement pipeite for neckels amplification tests,

Posoviricne. 192

Previdte e, it indole disk todd of 59
iclentfication of, Wl
Prevotella melmtnogenion
o Bacteroides bile esculin agar, 51
o Bruoetia Bliod g, 21
Ceram stmin of, 91
Progressive mulifical kukoencephalopathy, JC vims in, 154
Propignihacterin, spit indole () 14 of, 89
Proprfomibactertiom ponvr on Brucella bloog ager, 97
Profeis
Giennn sLain of, i
et sheep blood agar. 56
Fretvleam ieifrublia
chisracteristic reactions of
In APL 20 Esirige, &%, 70
PADY mndl ress dests for, 6]
urvage lewl for, i}
Privteus. valsrts
charicterds e reactbons of. Ah
o AFL 20 E strips, 70
with APT 20 Estrigs, 0%
PALY i iren tests Boe, 61
Proforoans, 146161
eo¢eidia nd microsporidia, [53-151
Hagedbates and oilans, 136- 151
intentingl, §d6-149
in tiene. [ 53154

I'mrﬁin{ndwmm'l. PAL mad narcy 1es3s for, 6]
Meucaliesatienis hogell)

wn Sabwsirnnd’s dextross agair, 130

sequnl date of, lactophaol optton blug stadn ol 140



Provabanarmadiceme, 5286
Pretclamionag, 72
faranny st of, 30
Psevidenomts aeriinevia
L&E wrea, and Pecvabose] ager (o identliymg, 84
GenF tube identification of, 83 '
an Mol onksy agar, K §

phgment production by 83

roedsant sirmin of didk dillosion methad e 6
on TSE skt &1

Inih -Tek plate for identifying. X4

riakmiaimes mersginos ATCD 27857, dok ddfusion methad
fuor, Jine

Prarwbsmanes crprcty. e Rurbholderid cepacin

Puriakormes petiaoimobilis, (s Sphivgyomonas pa ol

st putrefincives, (soe Showaneils pitrefacins)

PR fresr, 19

Q

O repliciss amplilication
for HIV-| infectod cells detected Iy uoieseeit label 204
principhe of. Jo4

R

Kiedlolabecled probe ke deteciling berpesvirus, 200
Brpald phaarma reagin (PRI test. J99

Rapkd spot tont for Kiierobacterucene, 48

iiby millum, reaciions Lo, f4

F'h tube

for Enterolurier ioe, 63
remctians o, W

Beodviridae, 192
Respirmory syncytial virgs
cultnre dennificniinn of w MREC-3 cell in shell vial, 191
cviopathic effect ol, In MBC-5 cells, 191
divesi Mxpsescent sy of P
Hesiriction bagment beagih pobesorphism-amalyss, 200
Retroviridne, 92= (%51
Rhamnose, fermentation of, #4
Hlelackntislfie, J.26
Bletmockuties aanagiras i cliromoldsddmyci, 108
Rhinoviris, eviopathic effect of. in MRC-5 cells, 192
Rhbzryes
lactoplionsol cottan blus prepacaticn of. |26
structure of, 124

Bldorogims, 46
colmnlies of, T1

midcrastopis appearance of. 52

Rhodocoront sgul, clossificatson of, 41
i Tast stain, 51

Riwrtrils, microdmmunofloceesience besl for detecting antibed-
iew Ly, 197

Rifampin. sseaepiibiliny tostiog of, 109

Faaller’ banlihes=, 178

Rarller abensia, 177

Rotaviras, cloctnon microsoom’ of, n stool, 1492

Infex 213

Ropmdhworme s Nematodes
RFR [vév raphd plasma reigln et

s

Salely: see Laborutory salfety
Safety cabinet, biological. &, 7
Saliva wiras sputam, 18
Sanlrewmrfla

charagteristic reactions of, #§

ot Hekioon enterle agar 55 71
triple sugar iron agar test lor, 2

Kol ik exgeritidin, coloniml morphology verss bochemical
idexrtication ol 71

Sodricil biphl, clieractorbdbe oo tocs ol A5

Sall beolh. [.5%; $5

Saunple. see Specinem

Ff*?ﬁm.mmrmm. Lnctophenol cotton blue s ol

Sodsporium profiicans. laouiphenol gotton b stiin of, 157
Schulluer's dots: 136
Sehistosoumt hapmarshiton. cpgt of, 168
Srrisdosoma frpel
adule male of 16§
voercaria, 168
ippol [Ax
Sohbsdoicaina wirnionl, e o, iy slool, TAS
Schiichier test, 11J
Scaariopes
lactophenl cothon blue pregeration ol 141
un Subouraud’s dextrose ager, 141

Sell sustalned soquence replication. principle (SS5R), 24

Septl-UChek biphasie blood culiure hotile, 12

Serralls murcescens. characteristle reactions of, with API 20 R
srips, H4

Yormils on MpcConkey ngar. 37

Serum inhibitory titer, 112

Shell vlal 177

Slowancila, 73

Shewncili | Frrudomands) putrvieien

o sheep hlood ager. §3
TSI peacthon of, 85

Shgelle. charnctenstic reactions of, 67

Siutpeila somnt, charnstersstie renctions of, b AF1 20 § sripy, 70
Sk, prodiction of, 4

sheeping sckniss, 159 160

Shde culture method for fungl. 144

Shides

proparation of, 19, 2o
wel 20
Smrars
lixteng ond stining of, 24
preparation of, 19
Sl ol lesd
b7 4%
Tederanae Tedt, 107
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Sadium polyaneihol sulfonme i e
for I'epiostreplodaccns annerobie, K9
for Frptinirrplococon nnrgiue, 92

Soutlwrn blok Lo, 202

Spoiimens
anacnobs

mudia b, 16
peereduced, 22

Specimcns {romtbod)
blood, 110
of Borketelie perimaiv 10
¢hlapmidial, (v
cullection containers o =1 1
contniners for. 15
culiviee ol medu for, I6

distrppancy betwioen mijoroscophc smd grovs appeadiboe of,
19

Wil ol, 5

eniering into compualer systome. 14, 1§

of expectorated spota, |5

homogenizing of 17 _
g tinn of, before inoculabmm of modia, 15
Lubeling of. 14

msiing coptainers for, §

of Nelsseris gonperhoos, 9. 10

processing of, 14-24
atmonpleric condstions for, 21, 22

equipment for, 17
procedure minnuil for, 1h

tapid direct lests for 24
quadity of, TX; 19
b gy Timges, 21
traisport of. 4
urcthed, collection ol 9
viral IiL 11
sphirgormonts, 72
o abien blood agat, 54
Sphingoments [Pamdomonet) prudmobdis on sheep Blood apnr. £4
Spinner bottles: 178
Sporpthrly srsertoRT
lactophenal eoiton Blue préprration of 131
o) potate dexirose sgar, 131
Spot indole disk test, wwes ol 4%
Spufuin
vrrsas 2, F2
speciinens of, 15, 19

Spumous epilelial colls. caglnal, 27
SH5H (see selFmmintned sbguence replicilion)
Spaphidocanind suprophytics, colonial morphology ol J6

Staphoybosarcin
contyi o negntive, 82
infectinns die to, 32
e Moo, 2]
e Sirplinbees F§
with Sinpioonirug. 27
sirce ol iy Vel Bow, 1OF
in apper respirabory tract, 14
Sraphyloconcus aureny, 12
anlimierobial snscepribifity esting of, 15
eodondis of. 12
different ution of

by coagulise let. 34

with miatinitol st agat, 35
Grum siein of, 26
methicillin (and oxscillin -resistant. detecton of, 15

Staphyocoros sepriphgtices. nowblocin susocpt by differen

_ tial testing of. 6
Stemroplormoun, 71
Stenotropinerionas | Xenthomonda) murtophilie
o s blood sgar. 8%
I Tek for Mdentifving, &3
Sterillmilion, &
Siosiaiovvrus
Crnm =ain of. 26
infections due o, 33
Strepioooecacede, 17-45
Streploceeenon, 17
alpha-hemalytic, 17
hﬂ*m‘lh ;i3
gamma hemalysis. 17
Grnan stade), 27
group A I8, 10
I'YH st ol, 39
group A heta-hemolythe, bucliricin asceptibilley ted of,
I |

group B, 40

CAMP irst for, 40

hippairate hydeolyss test of 46

lanex particle agphutinatk test for delecting. 199
proup 13, bile caculin stant and Nat'l broth testing of. 4§

comventianal blochemical reaction testing of, 41
Gram stain ol 43
opbochin susceptibtlny test of, 41
Streptococeay bovis, bile escnlin slini testing of, 44
ST PN [T
ioriLieriEc resbid | suriceptibiliny testing of 4%
bile pulubility et bor, 42
colonies of, 41, 42
E text method for, 109 116
seraen sk of, 4 1
lisvex: partiche apglbincbnmtion 1631 e deltcting. 199
irptocluin susdeplibility tewl for, 4.2
spimidary tel Baitery Fis 109
Sireptorornes pegens, colonles ol 57

Strepliamnes
amrins wckd hysloobvess reasiions of, 54
Liram stabn of, 55

¢ Hierandiic
[Hardocm larvee ol 1o
Tirst-stoge rhabdithorsn larvae of, 163, 164
swatb, mpopharyngeal wrogenital. ¥
Symnges, spechmeni in. 2

T

Taersia, cggs of, 171

Tarstla saginoa, proghotids of 176
e ol 171



Trendr snlfiirm
cysticerous, [ 70
egpsol 171
proghottids of, 171
sonlex af, 170
Tapeworms: see Cosiodes
Tease monnt bechnigue, 144
Theddale agar. 49
Tiveue coltire tlasks, |77
Thssue cullure tubes for virud detection, 176
Tissue procedang. 17
Torulipals ¢Camdict) pleliita, differential Identicatlon of. 115
Toroodme camis, embryonated cgg and ege with larvae of, 165
Tinge o]
cyvel ol I bealn Ussue, 154
pricirect flusrescent mathod for delecting antibodics to, 197
trophozaites o, 154
Tramsgeow bottke, 17

Trematodes, 146, 167=16%
Treportema pallldiny, micrehemagglutination assay loc detecting
aftlibodie o, T98 '
RPR test, 199
Trichinelia spirals, laevae of; in musche, 164
Trichamoraey hartimde trophosalte ol In feces. 151
Triclwophyton meetmropiiytes
Christhansen urel agar shint for démonstrating urease pro-
duction b, 136
laviophenol collon blue prepaation of 155
on Sabouraad's dextrose agar. 135
Trichophjjtan rubrim
Christinneen uren agar skt for demonstrating urease pro-
duction by, 136
lactophenol cotton blue preparation of, 136
on Sabovraud’s dexirose dgar. [ 35

Trichdptiyron sifererieinb
Inctophensd cotton blue preparation of, 134
po Saberiraud’s dexerose agar, 136

Trichophiion fonsurans

turrophenol cotton blue preparation of, 137
nulriiona! ted for. 138

on Sabauraud’s dextrose agar. 137
Trichophulen wrriceyum
factpphenol cotion blue preparations of. 134
o Sabouraud’s destoose agar, 135
Trichophijion wiplarepm
lactophenol cotton blue and calcolfluor white preparations
of, 1149
on Sabourand’y dextroae agar, |39
Trichurfs irivhiira
ndult male, 162
egg ol In foces. 162
Triphe sugnr iron agnr
far F L
renctions 1o, bl
Tripanesoms bricel gembiertse. blond of, 160
Trigranosoma bracel rhodesdense, blood of, 164

Trigsiramionm criizl, beypancmasttgote of, 159
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