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the I].J P er 0] mlcroorganlsms In the SpECImen.

ILSTspe |f|C|ty depends on how morphologically
nique a specific microorganism appears
| coplcally or how specific the antibody or
ic probe is for that genus or species.
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HEENITUYEU ™ UrNE™ S “cL\';-'
J)r\ugm- oT > 105 CFU/ mI of urine.

xampl

S RIERSEer |t|V|ty of the Gram-stained smear for
detecting Gram-negative coccobacilli iIn
gerebrospinal fluid from children with

s Waemophilus  influenzae  meningitis s
5+ c rOX|mater 75 percent because In some
= patients the number of colonr forming units
— 1{82 milliliter of cerebrospinal fluid is less than
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SPAtNIEast 10 CFU of tubercle baC|II| per
m]JJ]J]ir,a"- sputum must be present to be
,Jerec*r% by an acid-fast smear of
ntamlnated and concentrated sputum
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ARG ease m the sen5|t|V|ty of a test |
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2l ele mpanled by%ﬁec;rease in Specificity

- e Example
_,umjru en o a Gram-stained smear of sputum from a
r),]l‘J‘—‘r]l‘ With pneumococcal pneumonia is highly sensitive
oLl Isor hlghly nonspecific if the criterion for deﬂnlng a
POSI |ve test is the presence of any Gram-positive cocci.
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"_‘.-fi—‘?ft].'f’, ‘hewever, a positive test is defined as the presence of
~~ a preponderance of Gram-positive, lancet-shaped
diplococci, the test becomes highly specific but has a
sensitivity of only about 50 percent.
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2 Sl bfoblé’mi@@’g‘ed ‘mmg of

rrllereleife "' ms.. present.  affec the
SENSILIVILY  of ImMmMUNeassays and genetic
I)fJ.Lp for bacteria, chlamydiae, fungi and
VIIUISES.
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' ~h 'some instances, the sensitivity of direct

‘ .
—

- examination tests can be improved by
~ collecting a better specimen.
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SIHERSSENStVIty. of  fluorescent antlbody stain  for
& rLmeJ trachomatls is higher when endocervical cells
2lfe OJ.,}JF d With a cytobrush than with a swab.
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) n5|t|V|ty may also be affected by the stage of the
i se at which the specimen is collected.
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=5 4-'-or example, the detection of herpes simplex virus by
- Immunofluorescence, immunoassay, or culture is highest
when specimens from lesions in the vesicular stage of
Infection are examined.
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may be improved through the
) enrichment or enhancement
in which microbial or genetic
|on occurs to the pomt at which a
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) Cegzlefe matlon and enzyme-linked immuno
SOIEN assay (ELISA) are the most frequently
aJ Lhnlques in the clinical laboratory.
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"al" approaches' to ELISA: thesene! most
iiegiientlysused, for the detection of mic FQP NUigens
.JSF‘S c -antlgen speufs‘lt-nantlbody that 15 fixed to d solid

e
’-"f: -When the enzyme-conjugated antibody is added, it binds
=~ to previously unbound antigenic sites, and the antlgen IS,
In" effect, sandwiched between the soI|d phase and the
enzyme-conjugated antibody. The reaction is completed
by adding the enzyme substrate.



| Agglutination stt"in which inert particles (latex beads or heat=killed

Saagureys Cowan 1 strain with protein A) are coated with antibody to,
diiyjoisaWariety'of-antigens and then used to,detectitherantigeniin™

SPE ensor.in isolated bacteria

Specific antibody
bound to particles

+

Specific antigen

Coagglutination




The BLISA Method

@0

FParfially purified, inactiwvated HIYV andgens pre-
coated ontio an BLISA plate

LA\

Fatiert semim which contains antibodes, If the
patiert is HIV+, then this serom will  contain
antibodies o HIY, and those antbodies will bind
e HIY anfigens on the plate,

£

Antuman immonoglobulin coupled i an ereyme,
This is the second antibody, and it binds o human
antibodies,

9

Chromogen o substrate which dhanges oolor when

cleaved by the ergyvme attached to the second
ant body,
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Positive ELISA Test

- ) 0o

Negcative ELISA Test
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J f“ér- IC. probes are based on the detection. o
IRIGUETRUCleotide;, equences wathﬂ'\‘égh
r{J\Jr\ 0" a mlcroorga_

Jrlcg% 2 Unigue nucleotide sequence, which
HgyAIEpresent a _portion of a virulence gene or
girchromosomal DNA, is found, it is isolated and
SN edinto a clonlng vector (Elasmld) which Is
Stnen transformed into Escherichia coli to
D ﬂduce multiple copies of the probe. The
ef—”‘sequence IS then reisolated from plasmids and
~ Jabeled with an isotope or substrate for
~ diagnostic use. Hybridization of the sequence
with a complementary sequence of DNA or RNA
follows cleavage of the double-stranded DNA of

the microorganism in the specimen.




Shihel ise. of molecular technolog the
WjagNoses  of infectious™ diseds as been
IURtEr enhanced by the introduction of gene
liplicatiONNECNIGUESHSUCHRaS LhERPOIYMEraser
shigiffreaction (PCR) in which DNA polymerase is
abjer to) copy. a strand of DNA by elongating
wrun ementary strands of DNA that have been
-Jms from a pair of closely spaced
gonucleotlde primers. This approach has had
f.:.x-«'-major appllcatlons In the detection of infections
- due to microorganisms that are difficult to
~ culture (e.g. the human immunodeficiency virus)
or that have not as yet been successfully

cultured (e.g. the Whipple's disease bacillus).
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SNNmany. instances, the cause of an
[iecion is  confirmed by isolating and
cLljet]e ng microorganism either in artificial
'ﬁﬂa 0or in a living host.

-.'—"‘

_;acterla (including mycobacteria and
- mycoplasmas) and fungi are cultured in
- either liquid (broth) or on solid (agar)
artificial media
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L|qU|d Medla

e

-~ e m————
’ D

NG NG mEdia provide greater sensitivity for

LigEs iSOl atlon off small numbers of
HJJ(TJ\)QE;, * however, identification of
mJ ,::cultures growing in liquid media
= “requires subculture onto solid media so
'ihat isolated colonies can be processed
~ separately for identification.
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SNEROWER N Iié{!id':..media also cannot

OheiRanVaubEeL. dUant LdlEd., S0 G medic g—

glongh’ somewhat less sensitive than

igtic media, provide isolated colonies that

celil " be quantified if necessary and

-nTlfled Some genera and species can

= be recognized on the basis of their colony

= *morphologles
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leferentlal Medla

SRR SOmEinstances. oneacan, taker advantage. of:
JJrrerénr-*- pohydrate fermentation’ capabilities
Of | rganlsms Py Incorporating one or more
(:Jr_ums iIn the medium along with a
SUitalk é“ pH Indicator. Such media are called
— .uﬂ ﬁrentlal media (e.g., eosin methylene blue or
_. acConkey agar) and are commonly used to
' 1solate enteric bacilli. Different genera of the
- Enterobacteriaceae can then be presumptively

identified by the color as well as the morphology.

of colonies.
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eIengée:Medih

e

2 Cl -medla can also be made selective
J\/ rporatlng compounds such as
JIJ_JL oblal agents that inhibit the
genous flora while permitting growth
__ = specific microorganisms resistant to
~ these inhibitors
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s, T ha\/rfj‘??,r med) rr, whict ch
SOlaLE /‘!3 2/d! JoHOoIH0Eae.

v.mrufr)\ cm to |nh|b|t Gram- p05|t|ve bacterla
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e nun
eyAIeE tsed to, de deﬁne the pres

Jr]der‘! - — -

s For example

Arru be small numbers (< 103
(“ ml) of bacteria in urine specimens
= i oM ‘normal, healthy women; with a few

‘.-/* —

PErrof bacteria In Specimens

ce of

—
T ——
—
-

;—-u» eXceptlons these represent bacteria that
- are indigenous to the wurethra and
periurethral region.
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J O)(] ‘ﬂtltatlve cultures of urine must always

_e~performed For most other specimens a

?E":Lsemlquantltatlve streak method over the
agar surface is sufficient.
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QuiBNT tative and semiquantitative .

cmmres

) For e[l nt|tat|ve cultures, a speC|f|c volume of
r)ecun* IS spread over the agar surface and
nl ber of colonies per milliliter is estimated.

emlquantltatlve cultures, an unquantitated
Ount of specimen is applied to the agar and
““j‘ diluted by being streaked out from the
~ inoculation site with a sterile bacteriologic loop.
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ShHERamount of growth on t e, \ﬁ'?hmv—‘
eported.  semiquantitatively. as  many,

-’

(lgdeelig e few-(or34, 2+, or 1+),

Jr\r)ar]e on how far out from the
Irle J("J} 1 site colonies appear.

,-\r rganlsm that grows in all streaked
= ar swould be reported as 3+.
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Culture Plate Methods

Semi-quantitative Quantitative

Point of specimen application Point of application of

A calibrated volume of specimen
17 streak area

1% streak area

. 27 streak area

37 streak arpa

27 cross-streak
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SE@hlamydiae and viruses are cultured In ulture
SYSLEIMS DUt virus, _isolation  oceasionall} reqm@"
oeulation into anlméE‘_such as suckll‘g' mice, rabbits,
guiREa pIgs.

C

2 ng—\rr\ may be isolated with some difficulty and at
Somer hazard: to laboratory workers in animals or
Smbryenated eggs. For this reason, rickettsial infection is
jfdiagnosed serologically.

;‘

_- _—-

——

_,,,,__*Some viruses, such as the hepatitis viruses, cannot be
’3'” -»JSOlatEd In ceII culture systems, so that dlagn05|s of
‘hepatitis virus infection is based on the detection of
hepatitis virus antigens or antibodies.
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es are generally incubated at 35 ter87-C.in
nosphere. ._consistingssof™ "air, “air
emented with' carbon dioxide (3 toh}O
ICreaerephilic
- Xygen anaerobic.
ons dependmg upon requirements of the
ganlsm

- .

ICE cI|n|caI specimens from bacterial infections
fiten contain aerobic, facultative anaerobic, and
: f"éﬁaeroblc bacteria, such specimens are usuaIIy
“inoculated into a variety of general purpose,
differential, and selective media, which are then
incubated  under aerobic and anaerobic
conditions.

;—'f



Site of
infection

Anzerobic
traaspon
vial

Lab — /- > =)

(instructed :

by physician)  Smear for Selective

qram or and

cther stain nonselective

cultures

incubated
Sterile aerobical!y‘and
rubber anaerobically

stopper
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SNIErdUration of incubation of cultures also
\/,JrJr—‘S* 1) |th the growth characteristics of
rne ._;s |croorgan|sm Most aerobic and

_.—-. .....

'f?*'/‘ﬂ' ereas some mycobacteria require as

= .many as 6 to 8 weeks.



Microbial Identification

o Mier JL)-‘; ‘growth in cultures is demonstrated by
ENApPPEarance of turbidity, gas formation, or
Ju*ra“ ‘colonies in broth; colonies on agar;
pathlc effects or inclusions in cell cultures;
e ==--detect|on of genus- or species-specific
= an’ugens or nucleotide sequences in the
’-speamen culture medium, or cell culture
system.
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_.;lcatlon ‘of bacterla (mcludlng
fiycopacteria) is based on growth
cr) ,Jr* eristics (such as the time required
'rA ‘growth to appear or the atmosphere in
= Wi 1ch growth occurs), colony and
mlcroscoplc morphology, and biochemical,
- physiologic, and, in some instances,
antigenic or nucleotide  sequence
characteristics.
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General o
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ction™and™number ™ of tests for
fjdentlflcatlon depend upon the
- off bacteria present (aerobic
Us anaeroblc Gram-positive versus
_-G -‘ﬁegatlve cocci versus bacilli) and

— “"::” —

r.—f-h"'é;: expertise of the microbiologist

R —

~  examining the culture.
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2 Cocci & Bacilli e |

-

2 Girelnglel e ltlve cocci that grow N air with or
Without added CO, may be identified by a
raJJ,}\j” y small number of tests.

' “ .’
- — — -
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“"" ‘ldentlﬁcatlon of most Gram-negative
-. -_..43aC|II| IS far more complex and often
- requires panels of 20 tests for determining

biochemical and physiologic characteristics.
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Fungi & Viruses

et e

= -~ e —

— —

Tre JJHJ’ Jn(".-rr ‘ .r"",_"““ sntous fungitis based
zllprle)se a 1rely on growth characteristics and
colepe Jr dimicroscopic morphology.

" ,'zr b
;'N -
353

cL, Tcatlon of viruses is usually based on
= ; afacterlstlc cytopathic effects in different cell

: -:eultures or on the detection of virus- or species-
~ specific antigens or nucleotide sequences.




Interpretation of Cultu - ——

Rﬁsults ~

SESOME" Microorganisms, such as  Shigella

) /J ~w er/ae Mycobacterium tuberculosss,
cleliofeles immitis, and influenza virus, are
Jwe- ‘considered cI|n|caIIy significant.

o

—

"~

===7 thers that ordinarily are harmless components
jj-of the indigenous flora of the skin and mucous

— membranes or that are common in the
environment may or may not be clinically
significant, depending on the specimen source
from which they are isolated.
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Re0CgUlase-negative  staphylococci  are
gormall  inhabitants of the  skin,
JJSI‘ 0 htestlnal tract vagina, urethra

*‘ .'....

e nares oral cavity, and pharynx)
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gputum cannot usuaIIy

Qo= thei;
|GENS, wounds, a
r)e nre preted as [CallV SIar

QV/

o), wever commonly cause mfectlons
‘3:) ce ‘ed with intravascular devices and
Infle) a ted prosthetic materials.
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F@[.*Ii__z@mplee‘) e
SROIEN O coagulase-negative staphylococcl
EScausing infection can usually be
Suimised only when the microorganism is
_)r ated In large numbers from the surface
= 0f an intravascular device, from each of
-several sites surrounding an implanted
~ prosthetic device, or, in the case of
- _prosthetic valve endocarditis, from several

separately collected blood samples.
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: nother example:

SWASHEGlUS: Idmigatts, 1S° Widely™ distributed in
gabilie; the hospital environment, and upper
[Espiratery. tract of healthy people but may
saliSer fatal pulmonary infections in leukemia
PatiEnts or in those who have undergone bone
Smarrow: transplantation.
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o The isolation of A. fumigatus from respiratory
secretions is a nonspecific finding, and a
definitive diagnosis of invasive aspergillosis
requires histologic evidence of tissue invasion.

1\



Su nga ry--)“'"

0 Prysiekls “must  also con5|der that the
SONIPOS! tlon off micrebial species on the skin and
IIUEOUS “membranes may be altered by disease,
zlelii] mlstratlon of antibiotics, endotracheal or
“gastric intubation, and the hospital environment.
"f’fFI)r example, potentlally pathogenic bacteria can
- often be cultured from the pharynx of seriously
ll, debilitated patients in the intensive care unit,
but may not cause infection.
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er@ggnesish

‘may be diagnosed by an
y - response to the infecting
@rganism. This approach is especially
I when the suspected microbial agent
er cannot be isolated in culture.
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PIIIENdiagnosis of hepatitis virus infections can be
rrlzlele nly serologically, since neither can be
JJJLJreJe jn any known cell culture system.
r\Lr.e 1gh human immunodeficiency virus type 1
== 1§7—1) can be isolated in cell cultures, the

r

-
—

'.«— echnique is demanding and requires special
- containment facilities. HIV-1 infection is usually
diagnosed by detection of antibodies to the
Virus.



liieidisadvantage of serolo yasa..

dlagﬁ'bstlc too

o F her"' “usually a lag between the onset
gisiniection and the development of
Jnr 9odies to the infecting microorganism.
;ough IgM antibodies may appear
' e1at|vely rapidly, it is usually necessary to

~ obtain acute- and convalescent-phase
serum samples to look for a rising titer of
IgG antibodies to the suspected pathogen.

—
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IINSeINE. instances the presenceseirda highs
gntibody titer when: the patient is initially
SEENIS, diagnoestic; ofiten;, however, the high; |

WLEIFmay’ reflect a past Infection, and the
Uifent infection may have an entirely
fa It cause.

[~

;ndther limitation on the use of serology as
"} -a diagnostic tool is that immunosuppressed
patients may be unable to mount an

antibody response.



Afitimicrobial Susceptibility”

SNIHE ‘s“‘|56nsibility'0f the microbiology
LJ.)JJ‘J Includes not only microbial
J\Jre jon and isolation but also the
S e stermination of microbial susceptibility to
tlmlcroblal agents.
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Disk diffusion method

ep—

,\nr”mcrc 1al suscept|b|I|ty tests are performed by either
aISK JJrrl S on or a dilution method.

.«.“5 ’
S

J ] Jr' ardlzed suspension of a particular microorganism

—— 5 oculated onto an agar surface to which paper disks

"r-'-‘/ ‘talnlng various antimicrobial agents are applied.

'FDIIowmg overnight incubation, any zone diameters of

~  inhibition about the disks are measured and the results

- are reported as indicating susceptibility or resistance of
the microorganism to each antimicrobial agent tested.

-
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&Minimum Inhibitory Concentration

% P — - - g
- - - =

Jiisalternative: method is to  dilute  each
SIItIRICHOK ial agent In broth to provide a range
oJf wnm tratlons and to inoculate each tube.

J r,Jc“ eII contalnlng the antimicrobial agent in
'- ---'W|th a standardized suspension of the
— |Croorgan|sm to be tested. The Ilowest
— 'mncentratlon of antimicrobial agent that inhibits

=—— fhe growth of the microorganism is the minimal
Inhibitory concentration (MIC).
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> ma MIC and the Zone dian; ‘g,,
Irlr L) {o)g are mvérg,ly COrre

N e >

1 In ¢ "er words the more susceptible the
me*rJo S to the antimicrobial

cl J# - the lower the MIC and the larger
,-,:,_»?_?.—-ﬁ e zone of inhibition. Conversely, the
= more resistant the microorganism, the
== h|gher the MIC and the smaller the zone
~of inhibition.



The term_,_gyscept-img“"'"

SVEans that the microorganism is inhibited
'J o dl concentration of antimicrobial agent
piiat ‘can be attained in blood with the

maIIy recommended dose of the
_,,:,,’ﬁtlmlcroblal agent and implies that an
~_Infection caused by this microorganism

may be appropriately treated with the

antimicrobial agent.
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The te@‘esistant’s‘ —

SNfdicates that the microorganism s
i€sistant  to  concentrations of  the
Jru icrobial agent that can be attained
= With ‘normal doses and implies that an
—— fection caused by this microorganism

-

—

~ could not be successfully treated with this
antimicrobial agent.
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Disk diffusion test
10 (g antibiotic in discs
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