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Laboratory Diagnosis of Infection Due to Viruses, Chlamydia,
Chlamyaophila, and Mycoplasma

VIRUSES

The availability of rapid and reliable viral diagnostic tests, particu-
larly nucleic acid amplification tests (NAATs), facilitates decision-
making in the prevention and treatment of viral infections and
the practice of effective infection control measures. With specific
antiviral therapy now available for many clinically relevant viruses,
a correct viral diagnosis is important and also limits further diag-
nostic testing and unnecessary antibiotic therapy."?

Two major approaches to diagnosis of viral infection are viro-
logic (detection of virus) and serologic (detection of antibody,
antigen, or both). The virologic approach includes: (1) isolation
of infectious virus in cell culture; (2) detection of viral antigen by
immunologic methods such as fluorescent antibody (FA) testing
or enzyme immunoassay (EIA); (3) identification of viral particles
by electron microscopy (EM); and (4) detection of viral nucleic
acid by direct hybridization or NAATs such as polymerase chain
reaction (PCR) which may be qualitative or quantitative.
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Cytologic examination of tissues and cells can identify viral effects,
prompting further investigation. Occasionally, cytologic changes
can be sufficiently specific to suggest a particular agent (e.g.,
cytomegalovirus (CMV)).’ The serologic approach to the diagnosis
of viral infections includes a demonstration of: (1) immunoglob-
ulin (Ig) G antibodies indicating recent, current, or past infection
as well as immunity following recovery or vaccination; (2) a sig-
nificant rise in virus-specific IgG antibody suggestive of acute or
recent infection; (3) virus-specific antigens (e.g., hepatitis B surface
antigen (HBsAg)); or (4) virus-specific IgM antibody in late acute-
or early recovery-phase sera. As the immune response matures
following a viral infection, low-avidity IgG antibodies are replaced
with high-avidity antibodies. EIAs capable of measuring the
avidity of IgG antibodies to specific viruses have been used to
distinguish primary from secondary antibody responses to vacci-
nation or natural infection.*’

In the clinical setting, laboratory tests for the detection of virus
infection can be divided into three specific categories: those used
to (1) make a specific viral diagnosis; (2) measure viral activity in
patients known to be infected (e.g., viral load testing for HIV); and
(3) screen for infection (e.g., pretransplant or blood donation).

Specimen Collection and Transport

For the detection of most viruses, it is important to obtain speci-
mens soon after the onset of clinical symptoms (preferably within
the first 3 to 4 days) when viral shedding is maximal. Optimal
specimens vary depending on the site(s) of disease. In general,
tissues, aspirates, and body fluids are superior to swabs. However,
in many circumstances, swabs may be the only specimen available.
Body sites or lesions that can be sampled easily with a swab
include the pharynx or nasopharynx, conjunctiva, urethra, cervix,
vagina, and vesicles or ulcers on the skin or mucous membranes.
Many types of swabs are available for specimen collection, includ-
ing plastic, wooden, or those with a flexible wire shaft and a tip
made of cotton, Dacron, calcium alginate, or polyurethane.®
However, certain swabs may not be suitable for detection of some
viruses. Swabs with a wooden shaft can contain toxic products that
inactivate herpes simplex virus (HSV). Cotton-tipped swabs can
contain fatty acids that can interfere with the survival of Chlamydia
species, but are suitable for the collection of specimens from the
vagina, cervix, or urethra for the detection of Mycoplasma. Calcium
alginate-tipped swabs can be toxic for lipid-enveloped viruses such
as herpesviruses and some cell cultures, but are useful for the col-
lection of specimens for Chlamydia. Although swabs placed in viral
transport media (VIM) can be used for NAATs, many commercial
assays for detection of viruses and Chlamydia by antigen detection
or molecular techniques provide their own swab and transport
media, which should be used.

Swabs and tissues for detection of viruses should be placed into
VIM to prevent drying, maintain viral viability during transport,
and prevent the overgrowth of contaminating organisms.® A
number of commercially prepared VIMs are available.” Swabs
collected for bacterial isolation that are placed in bacterial trans-
port medium are unacceptable for detection of viruses.® Con-
versely, VIM contains antimicrobial agents that inhibit most
bacteria and fungi. Specimens such as blood, bone marrow, cer-
ebrospinal fluid (CSF), urine, and other body fluids should be
placed in clean sterile containers without VIM.

For detection of most respiratory viruses, nasopharyngeal (NP)
aspirate or wash, sputum, or bronchoalveolar lavage (BAL) speci-
men provides a better yield for detection of viruses than NP, nasal,
or throat swabs.” Multiple samples may be required to maximize
yield. Freshly passed stool is superior to a rectal swab for detection
of gastrointestinal viruses.®

Specific viruses can be found in different blood cells, the
plasma/serum, or both (e.g., HIV in lymphocytes and macro-
phages; CMV in neutrophils and, to a lesser extent, mononuclear
cells; enteroviruses in plasma and white blood cells (WBCs)).*’
Blood should be collected into Vacutainer tubes containing an
anticoagulant such as ethylenediaminetetraacetic acid (EDTA).
Recovery rates are higher with EDTA than with heparin.’ Heparin

can inactivate herpesviruses and can inhibit some NAATs;""'? this
may be less of a concern for real-time PCR and may be related to
the type of heparin (sodium versus lithium) used.”>*

For tissue specimens or when the lability of particular viruses
(e.g., respiratory syncytial virus (RSV) or varicella-zoster virus
(VZV)) is a concern, commercially available VIM containing
albumin or serum as a stabilizer should be used.

Most viruses are stable for 2 to 3 days at 4°C (refrigerator or
wet ice temperature).® Freezing at —20°C (ordinary freezer tem-
perature) destroys or reduces the infectivity of most viruses and
can alter the ability to detect viral antigen using some commer-
cially available kits. Beyond 2 to 3 days, specimens should be
stored in an ultra-low-temperature freezer (-70°C) and trans-
ported on dry ice. For some NAATs (e.g., detection of hepatitis C
virus (HCV) RNA in serum/plasma), it is recommended that the
serum/plasma be separated within 4 to 6 hours of collection and
processed within 72 hours (if kept at 2°C to 8°C) or frozen at
—70°C until tested.’”

For serologic detection of viral antibodies or antigen, blood can
be transported at room temperature. If a delay is anticipated, the
specimen should be kept refrigerated at 2°C to 8°C. Serum/
plasma should be separated as soon as possible after specimen
collection. If an extended period will elapse before testing, the
serum/plasma sample should be frozen at —20°C or lower.
Repeated freeze/thaw cycles should be avoided. For viruses for
which an IgM assay is available (e.g., hepatitis A virus (HAV)), an
acute-phase specimen can be sufficient for diagnosis. Otherwise,
an acute-phase specimen collected within a few days of illness
onset followed by a convalescent-phase specimen collected 2 to 4
weeks later should be obtained.

Virus Detection Methods
Vlirus Isolation

Monolayer cell culture techniques are used in most laboratories
for virus isolation. However, many clinically relevant viruses, such
as parvovirus, human papillomavirus (HPV), hepatitis viruses,
Epstein-Barr virus (EBV), rotaviruses, noroviruses and others, are
not cultivatable in the routine diagnostic laboratory; laboratory
diagnosis is based on other methods. Although it is possible to
cultivate HIV using suspension cultures of lymphocytes, special
containment facilities are required; alternative methods are used
for routine diagnosis. The major viruses detected by isolation in
monolayer cell culture include HSV-1 and HSV-2, CMV, VZV, RSV,
influenza A and B viruses, parainfluenza viruses, respiratory ade-
noviruses, a number of enteroviruses (coxsackievirus, echovirus,
poliovirus), and measles virus. Because not all cultivatable viruses
replicate in a single cell line, several different cell lines are used
for primary isolation. Examples are isolation diploid cell lines
(e.g., human foreskin or lung fibroblasts for herpesviruses),
primary cell lines such as primary rhesus monkey kidney cells for
respiratory viruses and enteroviruses, and heteroploid or continu-
ous human epithelial cell line such as Hep-2 cells for RSV. The
types of cell lines used in the diagnostic laboratory are determined
by the specimen type, season, epidemiologic data, and clinical
information provided. Many viruses cause morphologic changes,
i.e., cytopathic effect (CPE), in the cell monolayer. Some viruses
cause CPE within 2 days (e.g., HSV), others within a week (e.g.,
enteroviruses), and others after several weeks (e.g., CMV). For
viruses that do not cause typical CPE, detection can be based on
the adsorption of red cells to the surface of virus-infected cells in
culture (e.g., influenza and parainfluenza viruses) or by the use of
interference assays (e.g., rubella virus). Presumptive identification
of a particular virus or virus group in cell culture is based on the
cell type, the characteristic time of onset, and the appearance of
CPE, and is facilitated if the laboratory personnel are informed of
the source of the specimen and the suspected clinical diagnosis.
Confirmation of the virus isolated requires immunologic
methods such as fluorescein- or peroxidase-conjugated virus-
specific monoclonal and polyclonal antibodies. Antibodies to
HSV, CMV, VZV, RSV, influenza A and B virus, parainfluenza virus,
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TABLE 287-1. Detection Rates® of Virus Detection Methods for Selected Viruses

Shell Vial Culture + Stain Conventional Tube Culture Dt::gt?:n IFA/DFA PCR
Virus Days in Culture % Detected | Days in Culture % Detected | % Detected % Detected | % Detected
HSV 1 66-97 2 40-48 47-89 95 100
CMV 1 68 7 50 100 (Disease); N/A 82-100

60-70 (Infection)

CMV 2 96
vzv 2 70-90 5) 50 N/A® 77-97.5 84-100
Adenovirus (respiratory) | 2 97 4 50 N/A 22-67 N/A
Influenza 2 60-100 4 50 39-100 40-90 95.8
RSV 2 95 6 98.2 70-100 80-90 98.6

CMV, cytomegalovirus; CPE, cytopathic effect; DFA, direct immunofluorescence; HSV, herpes simplex virus; IFA, indirect immunofluorescence;
PCR, polymerase chain reaction; RSV, respiratory syncytial virus; V2V, varicella-zoster virus.

“Detection rates will vary depending on the specimen type, stage of disease, length of incubation, cell line used for culture and shell vial, and definition of a

true positive.
5N/A, not applicable or data sets include too few isolates for calculation.

Data from references: 42, 56, 57-60, 65, 76-78, 82-84, 90, 109-114, 137143, 146, 147, 149-160.

adenovirus, measles virus, and enterovirus antigens are available
readily.

Centrifugation of specimens (also referred to as shell vial culture
or spin-amplified culture) onto cell monolayers on coverslips
placed in the bottom of small vials or in wells, followed by incuba-
tion and staining for viral antigen using monoclonal antibody
after 1 to 3 days, substantially reduces the time required to detect
and confirm the presence of many viruses. For slowly growing
viruses such as CMV, the use of monoclonal antibody against
nonstructural proteins produced early in the replication cycle (i.e.,
immediate early antigen or early antigen) allows detection of virus
days to weeks before CPE can be observed by traditional cell
culture techniques. Because of its speed, the shell vial method has
replaced conventional cultures in many laboratories (Table 287-1)
and is used routinely for the detection of CMV, HSV, VZV, respira-
tory viruses, and the enteroviruses.

Two techniques for isolation of some viruses have been devel-
oped with comparable sensitivity to standard culture and shell vial
methods."””"” The use of genetically engineered cell lines such as
the ELVIS (enzyme-linked virus-inducible system) was introduced
first for the isolation of HSV. A baby hamster kidney cell line has
been transformed using an HSV-inducible promoter (UL39 gene)
and an E. coli B-galactosidase gene. The addition of a substrate for
the B-galactosidase enzyme results in formation of a color reaction
in the HSV-infected cells. This technique has been adapted for
performing rapid HSV antiviral susceptibility testing. Mixing mul-
tiple cell types in a single shell vial culture can provide rapid
detection of respiratory viruses (R-Mix), HSV, CMV and VZV (H
and V Mix), and enteroviruses (E-Mix).

Antigen Detection

Antigen detection tests can be performed directly on a variety of
specimen types and are highly specific and rapid.” Viable virus is
not required for detection. Because virus antigen is cell-associated,
collection of an adequate number of infected cells is important.
A number of commercial kits (EIA, latex agglutination, FA) are
available for the detection of: (1) rotavirus and enteric adenovirus
in stool specimens; (2) RSV, influenza A and B viruses, parainflu-
enza viruses, and adenoviruses in respiratory tract specimens; (3)
HBsAg and HIV p24 antigen in serum; (4) HSV and VZV in vesicle/
ulcer swab specimens; and (5) CMV in BAL and blood specimens.
The FA technique has been used for the detection of rabies virus
in brain tissue, mumps virus in throat and urine sediment, and
measles virus in conjunctival cells. The detection of CMV pp65

antigen in neutrophils is used commonly in the diagnosis and
management of immunocompromised patients with new or reac-
tivated CMV infection."®

Electron Microscopy

A variety of specimen types (if collected and processed properly)
are suitable for EM."”?° An experienced microscopist can identify
a viral pathogen morphologically within 10 minutes of arrival of
a specimen in the laboratory. Unlike antigen detection and NAATSs,
which are limited in ability to detect viruses with different anti-
genic determinants or nucleic acid sequences, respectively, because
of the high specificity of reagents used, EM detection is based on
morphologic characteristics and can be used broadly to detect
members of different virus families as well as potential novel
agents."”

EM continues to be used for the detection of gastrointestinal
pathogens such as rotavirus, enteric adenoviruses, norovirus, and
others as well as non-enteric viruses.”’>* Disadvantages of EM
include the large number of virus particles (approximately 1 x 10°
per mL of specimen) required for detection, limited throughput,
expense, and lack of availability and expertise in many centers.”

Nucleic Acid Detection

Molecular hybridization techniques using probes directed at a
unique, conserved portion of a viral genome are highly specific
and bind only to complementary DNA or RNA sequences.”
Probes are particularly useful for detecting and typing viruses for
which reliable culture methods are not available. Molecular probes
are available as commercial kits for the detection of HPV,*” HIV,?*®
HSV,” CMV,” hepatitis B virus (HBV),”" and HCV.*> For some
viruses, the concentration of viral genomes in direct patient speci-
mens may be too low to permit detection with adequate sensitivity
(e.g., commercially available probes for HSV and CMV detect only
70% to 90% of specimens positive by isolation).”*°

The increased sensitivity of NAATs has revolutionized testing in
the clinical virology laboratory.”***-** Three approaches have been
taken: (1) target amplification such as PCR, strand displacement
amplification (SDA), nucleic acid sequence-based amplification
(NASBA), and transcription-mediated amplification (TMA)
systems; (2) probe amplification, including Q-beta replicase
and ligase chain reaction (LCR); and (3) signal amplification,
such as branched-chain DNA (bDNA) assay and hybrid capture
assay.”***3® Several commercial and in-house (“home-brew”)
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assays have been developed. Quantification of viral genome in
plasma or serum can be used to determine prognosis, select
patients for antiviral therapy, and monitor response to treatment
in a variety of patient populations.’* Multiplex assays capable of
detecting a number of viruses in a single amplification reaction
have been developed, e.g., for herpesviruses, enteric, bloodborne,
and respiratory viruses.”*** The development of automated real-
time PCR using fluorescence techniques and continuous detection
of amplified product has shortened detection times significantly
relative to conventional PCR assays.”’ Because these assays use a
closed system (i.e., amplification and detection occur in a single
tube that need not be opened once the reaction is completed), they
also are less prone to contamination. NAAT has been applied to
genotyping of viruses (e.g., HIV, HBV, and HCV) as well as for the
detection of mutations that confer resistance to antiviral agents.*

Choice of Virus Detection Method

Choosing optimal test(s) depends on the virus being sought, the
clinical setting, specimen type, availability of kits, reagents and
equipment, experience of laboratory personnel, and cost. Antigen
detection methods offer the following advantages: (1) noncritical
specimen collection and transport conditions; (2) ability to detect
viruses that cannot be cultivated easily; (3) no need for cell culture
equipment and highly trained personnel; (4) superior sensitivity
compared with culture for certain viruses; and (5) rapid turna-
round time (usually within hours). Disadvantages include: (1)
lack of available test kits for many clinically important viruses; (2)
inferior sensitivity compared with isolation for many cultivatable
viruses; and (3) inferior specificity due to nonspecific/cross-reac-
tions particularly with the use of polyclonal antibodies.

Culture is preferred when results are available quickly with the
shell vial centrifugation and staining methods (e.g., HSV, CMV,
and VZV). Advantages of isolation include: (1) ability to recover
a broad range of viruses; (2) availability of the infectious agent for
further characterization; (3) 100% specificity; and (4) superior
sensitivity compared with antigen detection for some viruses. Dis-
advantages include: (1) requirement for specialized equipment,
supplies, and trained personnel; (2) longer turnaround time; (3)
the lability of certain viruses under suboptimal collection and
transport conditions; and (4) the inability to culture many clini-
cally relevant viruses.

The use of NAATs is rapidly replacing older viral diagnostic
methods due to their rapid turnaround time, superior sensitivity,
and the ability to quantify virus density. A number of relatively
simple home-brew and commercially available NAATs (including
analyte-specific and for research use only) are available for a wide
variety of viruses.***

Serologic Methods

Serologic methods can be used to diagnose a current or recent
acute infection, to determine specific susceptibility or immunity,
and for epidemiologic and surveillance purposes. Interpretation
of serologic results is virus-specific (e.g., the presence of HIV anti-
bodies indicates current infection, whereas the presence of IgG
anti-rubella indicates immunity as a result of immunization or
recovery from natural infection). Serologic diagnosis of acute
infection is more useful when the incubation period is prolonged
(e.g., 3 to 6 weeks) and antibody is present in serum concomi-
tantly with signs of illness (e.g., EBV and CMV mononucleosis).
Figure 287-1 shows a typical antibody response for an acute,
moderate-incubation (several days to 2 weeks) viral illness such
as measles. At the onset of rash or other manifestations, antibody
is undetectable or is present at low titer. Within 10 to 14 days,
appreciable titers of antibody are present. For short-incubation
virus infections (e.g., respiratory viruses), a rise in antibody usually
does not occur until the late recovery phase or during convales-
cence and has no value for acute diagnosis. With the use of older
serologic methods such as hemagglutination inhibition (HAT) and
complement fixation (CF) that detect IgG antibody, a >4-fold rise
in titer based on serial dilution endpoints between acute and
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Figure 287-1. Antibody responses during acute measles.
HI, hemagglutination inhibition antibody; CF, complement fixation antibody.

convalescent sera tested in parallel confirms a diagnosis. A 4-fold
fall in titer also is presumptive evidence of a recent infection
whereas unchanging low titers indicate past infection and immu-
nity. The presence of antibody in high titer in a single serum
specimen during convalescence usually does not permit a defini-
tive diagnosis. Acute seroconversion also can be used to diagnose
an acute or recent infection.

EIA Kkits and, to a lesser extent, latex agglutination and FA Kkits
have replaced other antibody tests in many laboratories. EIA/
ELISA results usually are measured in optical density (OD) units
and results reported in international units (IU) or index values.
Interpretation of OD units varies with the EIA/ELISA kit used and
the virus antibodies being detected. One must refer to the specific
kit manufacturer for the criteria defining a significant difference
in antibody levels between acute and convalescent sera.

The presence of virus-specific IgM antibody in serum obtained
1 to 2 weeks after the onset of illness permits a diagnosis of acute/
recent infection for many viruses. Typically, IgM antibody disap-
pears from serum within a few months after the acute illness, but
can persist for an extended time in some individuals and for some
viruses.”" False-positive IgM results can occur through: (1) cross-
reactivity (e.g., among herpesviruses or due to polyclonal stimula-
tion secondary to EBV infection);** (2) the presence of rheumatoid
factor (IgM antibody that binds to the Fc portion of 1gG);** and
(3) inherent testing difficulties.”” Misinterpretation of IgM anti-
bodies as indicative of an acute/recent infection can occur as a
result of: (1) persistence of IgM antibody for several months after
the acute illness (e.g., EBV, West Nile virus);*® or (2) reactivation
of latent or chronic viruses (e.g., HSV, HBV).

False-negative IgM tests can result from: (1) an absent, low, or
delayed IgM response, especially in immunologically immature
hosts (e.g., during infancy, congenital CMV or HIV infection) or
in immunosuppressed patients (e.g., patients with AIDS);*** or
(2) presence of high-titer IgG antibody (precluding binding of
IgM).”* Many commercially available kits contain reagents to
adsorb IgG from the test serum or use a background substraction
step, thus reducing the possibility of interference.”®”

When using IgG antibody tests to determine susceptibility or
immunity to a particular virus, the sensitivity of the method is
important. Generally, complement fixation (CF) antibody titers
quantitatively are lower than hemagglutination inhibition (HAI)
titers and can disappear after several years. Therefore, CF should
not be used for determining susceptibility or immunity.

The major advantages of serologic diagnosis of acute viral
infection include noncritical specimen handling and wide avail-
ability. Disadvantages include: (1) requirement for acute and
convalescent sera for IgG antibody tests; (2) false-positive and
false-negative IgM antibody results; and (3) delay of 2 to 3 weeks
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before a diagnosis can be confirmed with short-incubation infec-
tions. Because of the many confounding factors (e.g., passive
transfer of antibodies from mother to infant, receipt of immu-
noglobulin, immunocompromised) serologic results always
should be interpreted within the context of the clinical situation.
Whenever possible, serologic diagnosis should be confirmed with
the use of viral isolation or direct detection of virus antigens or
nucleic acids.

Depending on the serologic assay, either serum and/or plasma
can be used. The use of other specimen types has not been well
validated for most viruses. Some exceptions include the use of
saliva for the detection of HIV antibodies and CSF in patients with
viral central nervous system (CNS) disease.’***

Optimal Tests for Specific Viruses

Table 287-2 lists the medically important viruses, major attribut-
able diseases, optimal diagnostic specimen(s), available tests, and
average time to a positive test result. For many tests, the time to
obtain a result may be a function of the test itself (e.g., culture),
the logistics of laboratory testing schedules, or the need to refer a
sample to a reference lab. The preferred test provides the most
rapid result with acceptable sensitivity (>90%) and specificity
(>95%). Serologic tests remain the mainstay for diagnosis of
certain virus infections such as the hepatitis viruses. The preferred
diagnostic test or tests can vary, depending on the patient popula-
tion being tested (e.g., immunocompromised hosts).

In the results summarized herein for individual viruses, assess-
ment of sensitivity and specificity of different tests may be based
on a variety of parameters and not simply comparison to culture
alone.

Herpes Simplex Virus

For diagnosis of suspected mucocutaneous lesions due to HSV, an
aspirate or swab (Dacron, rayon, or cotton on aluminum shafts
but not calcium alginate or swabs on wood shafts) of the vesicular
fluid or ulcer base placed in VTM is recommended. Other poten-
tially useful samples include blood in EDTA for PCR when viremia
is suspected (e.g., neonates), CSF in a sterile container when HSV
meningitis or encephalitis is suspected, conjunctival swab or
corneal scrapings in VIM in suspected cases of herpes keratitis,
and tissue biopsy in VIM or frozen (e.g., disseminated HSV in
neonates or immunocompromised patients). In infants, duodenal
aspirates may also be collected.

The yield on culture varies depending on the tissue culture cell
type used in the laboratory,® the stage of the clinical infection
(greater during vesicular stage than crusted stage),”” and the type
of specimen (including transportation time and conditions). CPE
in a sensitive cell line detects 50% of positives in 24 hours, 80%
in 48 hours, and 95% in 72 hours.’® The shell vial method permits
detection of HSV with 66% to 99% sensitivity and 100% specifi-
city by 16 to 24 hours.>**” ELVIS has sensitivity similar to both
standard and shell vial culture.”” The use of type-specific mono-
clonal antibodies distinguishes HSV-1 from HSV-2 in culture.

Direct antigen detection tests for HSV have variable sensitivity
(47% to 95%) and specificity (85% to 100%).’*** None is suffi-
ciently sensitive to reliably detect asymptomatic shedding.*® Assays
using monoclonal antibodies can distinguish HSV-1 from HSV-2.

In CNS HSV infection, the yield of CSF culture is <5% compared
with biopsy-proven cases.” HSV PCR performed on CSF (sensitiv-
ity of 96% and specificity of 99%)® is the diagnostic test of choice
for HSV encephalitis and meningitis.* PCR is positive at least
through the first 6 to 7 days of illness, even in patients receiving
acyclovir therapy.®"®® Conversely, because negative results have
been obtained in up to 25% of CSF samples from infants and
children, HSV PCR alone cannot exclude HSV encephalitis.®* HSV
PCR also is useful with other clinical specimen types,* and can
distinguish between HSV-1 and HSV-2. The role of quantitative
HSV PCR remains unclear, with conflicting results for amount of
HSV in CSF and prognostic value.®®*” However, successful antiviral
therapy is associated with a decline in HSV viral load in CSE®'

HSV-specific IgG and IgM antibody is detectable in serum 10 to
20 days after the onset of primary infection. IgG antibodies indi-
cate past or current infection, but not necessarily active disease. The
presence of HSV IgG antibody in organ transplant recipients is
used as a risk factor for recurrences and has prompted the prophy-
lactic use of acyclovir.*® Because of fluctuations in HSV IgG anti-
body titers, serologic tests should not be used to diagnose recurrent
HSV infections. IgM antibody is not a reliable indicator of primary
infection because reactivation can cause a rise in IgM levels.®

Older HSV antibody tests used crude antigen mixtures and could
not reliably distinguish between HSV-1 and HSV-2 IgG antibodies.
However, commercially available EIA, Western blot (WB), and
immunoblot tests based on glycoprotein G antigen now reliably
distinguish type-specific HSV antibodies.*” The use of HSV-2 type-
specific assays has provided important information about the
insensitivity of clinical history and the epidemiology of genital
HSV infection.” Recommendations have been proposed for the
appropriate use of HSV-2 serologic tests.”” No IgM test is commer-
cially available that can distinguish HSV-1 and HSV-2 infection.

Guidelines for standardization of in vitro susceptibility testing
of HSV have been published.” Resistance to acyclovir and other
drugs has emerged as a clinical problem in immunocompromised
patients receiving prolonged courses of continuous or intermittent
suppressive therapy.””* PCR, together with sequence analysis of
the DNA polymerase and thymidine kinase genes, can be used to
detect mutations conferring drug resistance and have significantly
reduced the time for results.”” However, this approach is limited
by the fact that one can only interpret the presence of mutations
that have been associated with HSV antiviral resistance. The
significance of new or novel mutations requires confirmation.

Cytomegalovirus

CMYV can be detected in a variety of clinical specimens by isola-
tion, antigen detection, DNA probes, or NAATs.'*7 It often is
difficult to distinguish between asymptomatic shedding (from
urine, cervical secretions, semen, saliva, and respiratory tract secre-
tions) and active CMV disease. Isolation of CMV from tissues is
good evidence of active infection. The preferred specimen(s) and
test(s) for detection and diagnosis of CMV depends on the clinical
syndrome and immune function of the patient (see Chapter 206,
Cytomegalovirus).'s%8!

The shell vial method significantly shortens the detection time
for CMV compared with conventional culture. To enhance detec-
tion of CMV in various clinical specimens, multiple shell vials
should be inoculated (2 for urine, tissue, and BAL and 3 for blood
specimens) with staining at 24 hours and 48 hours, and (for blood
specimens) observed for CPE for 10 days.**%

Isolation of CMV from urine obtained during the first 3 weeks
of life is diagnostic of congenital infection.* In all other situa-
tions, it is impossible to distinguish CMV viruria related to primary
infection, reactivation or reinfection disease, or asymptomatic
shedding. Interpretation of the presence of CMV in respiratory
tract specimens also is confounded by asymptomatic respiratory
tract shedding. In immunosuppressed patients with suspected
CMYV, testing of a BAL specimen may be useful. Compared with
culture of lung biopsy specimens obtained from patients with
CMV pneumonia, the sensitivity of isolation from BAL fluid is
70% to 95% and the specificity 50% to 100%.%**> Demonstration
of CMV antigen in cells from BAL specimens by direct fluorescent
antibody (DFA) staining may be more specific for CMV infection,
but sensitivity is reduced.* Histologic examination of cells
obtained by BAL for the presence of characteristic CMV intranu-
clear inclusions with an “owl’s eye” appearance suggests a diagno-
sis of CMV pneumonia.

Detection of CMV in peripheral WBCs by culture techniques
may be useful in the diagnosis of active CMV disease or as a pre-
dictor of future CMV pneumonia in transplant recipients and
other immunocompromised patients.***” However, the lack of
sensitivity of culturing CMV from WBCs has led to the develop-
ment of the CMV antigenemia assay (an immunocytochemical
assay that detects the 65-kd lower-matrix phosphoprotein (pp65)
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TABLE 287-2. Optimal Specimen, Preferred Test, and Performance in Confirmation of Specific Infections

Agent/Type or Site of
Infection or Host

Major Diseases

Optimal Specimens

Available Tests®

Average Time to
Positive Results®

ADENOVIRUS
Respiratory Pharyngitis, pneumonia, NP aspirate/wash, NP swab, Culture® 6 days
undifferentiated febrile illness throat swab, BAL, lung tissue PCR 1-2 days
Antigen detection/FA 2 hours
Serum IgG antibody® 1-5 days
Eye Conjunctivitis Conjunctival swab or scraping Culture® 7 days
Antigen detection 2 hours
Serum IgG antibody® 1-5 days
Intestinal (types 40/41) Gastroenteritis Stool Antigen detection 2 hours
EM 2 hours
Urinary bladder Hemorrhagic cystitis Urine Culture 6 days
(immunocompromised PCR® 1-2 days
host) EM 2 hours
ARBOVIRUSES
SLE, California, WEE, EEE, Fever, meningoencephalitis Serum, CSF IgG and IgM antibody 1-5 days
WNV
Colorado tick fever Fever, malaise, neutropenia Serum 1gG antibody 7 days
Dengue Febrile illness +/— rash, Serum IgG and IgM antibody®  1-5 days
hemorrhagic fever PCR 1-2 days
CHLAMYDIA/CHLAMYDOPHILA
Chlamydia trachomatis
Genital Urethritis, proctitis, cervicitis, Urethral, cervical swab, first-void NAAT® 2-6 hours
salpingitis, pelvic inflammatory urine, self-collected vulvovaginal Antigen detection 4 hours
disease swab, rectal mucosal swab DNA probe 4 hours
Culture 48-72 hours
Neonatal Conjunctivitis, pneumonitis Eye swab, NP aspirate/wash NAAT® 2-6 hours
Antigen detection 4 hours
Culture 48-72 hours
Sexual abuse, rape Vaginitis, urethritis, proctitis Cervical, urethral, rectal mucosal Culture® 48-72 hours
swab
Chlamydophila pneumoniae Pneumonia, pharyngitis, bronchitis NP aspirate/swab, throat swab/wash  Culture® 4 days
(TWAR) Antigen detection 4 hours
Serum IgG and IgM antibody 1-5 days
Chlamydophila psittaci Pneumonia NP aspirate/wash, throat swab/wash ~ Antigen detection 4 hours
Culture 2 days
Serum IgG antibody 1-5 days
CYTOMEGALOVIRUS
Congenital Hepatosplenomegaly, Urine, throat swab, EDTA blood, Shell vial culture with 2 days
thrombocytopenia, microcephaly, serum, amniotic fluid antigen stain®
hearing loss, chorioretinitis Culture 3-4 weeks
NAAT 2-5 hours
IgG and IgM antibody®  1-2 days
Postnatal infection Heterophile-negative infectious Throat swab, urine, EDTA blood Shell vial culture with 2 days
mononucleosis antigen stain®
Culture 3-4 weeks
Serum IgG and IgM antibody!  1-2 days
Immunosuppressed Pneumonitis, colitis, retinitis EDTA blood Antigenemia assay® 4-6 hours
patients NAAT®! 2-5 hours
Bronchoalveolar lavage, rectal swab, Shell vial culture with 2 days
vitreous fluid, tissue biopsy antigen stain®
Culture 3-4 weeks
NAAT® 2-5 hours
Pretransplant screening/ Past infection (donor and recipient) Serum 1gG antibody 1-2 days

immune status

All references are available online at www.expertconsult.com % 1389
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TABLE 287-2. Optimal Specimen, Preferred Test, and Performance in Confirmation of Specific Infections—cont’d

Agent/Type or Site of
Infection or Host

Major Diseases

Optimal Specimens

Available Tests®

Average Time to
Positive Results®

ENTEROVIRUSES
Coxsackie A and B viruses, Aseptic meningitis, fever and rash, CSF, throat swab, stool, rectal Culture 4-7 days
echovirus, poliovirus herpangina, hand, foot, and swab, EDTA blood, pericardial PCRe' 6 hours
mouth disease, myocarditis and fluid, myocardium
pericarditis, paralytic disease Serum Neutralizing®® antibody 5 days
panel (coxsackie B
virus, echovirus and
poliovirus)
EPSTEIN-BARR VIRUS
Healthy individual Mononucleosis syndrome Serum Slide agglutination test ~ 1-3 days
(monospot)®
EBV-specific IgG and 1-3 days
IgM antibody”
Immunocompromised Posttransplant lymphoproliferative Serum, plasma, whole blood, PCR (quantitative)’ 2-5 hours
disease (PTLD) leukocytes
GASTROINTESTINAL VIRUSES
Rotaviruses, caliciviridae Gastroenteritis Stool EM?° (rotavirus and 2 hours
(norovius and sapovirus), enteric adenovirus)®
enteric adenoviruses, PCR' 6 hours
astroviruses
GENITAL MYCOPLASMA
Ureaplasma urealyticum Urethritis, cervicitis Urethral, cervical swab; semen Culture® 2 days
Mycoplasma hominis Pneumonitis, meningitis in neonates  Tracheal aspirate, CSF in neonates Culture® 2 days
HEPATITIS VIRUSES
Hepatitis A Acute Serum IgM antibody 1-2 days
Immunity Serum Total (IgG and IgM) 1-2 days
antibody or IgG
antibody
Hepatitis B Acute Serum HBsAg, anti-HBc IgM 1-2 days
Chronic Serum HBsAg, anti-HBc total 1-2 days
antibody
Serum/plasma NAAT for HBV DNA 1 week
(quantitative)’
Immunity Serum HBsAb 1-2 days
Hepatitis C Acute Serum Anti-HCV EIA screen 1-2 days
Anti-HCV RIBA 5 days
supplementary
Chronic Serum/plasma NAAT for HCV RNA 1 week
(quantitative/
qualitative)’
Hepatitis D (only occurs in Acute Serum HDV Ag, anti-HDV 1-8 days
patients with HBV IgM
coinfection/ Chronic Serum HDV Ag, anti-HDV 1-8 days
superinfection) total
Hepatitis E Acute Serum 1gG and IgM antibody 1-8 days
HERPES SIMPLEX VIRUS
Skin, mucous membranes Oral, genital, cutaneous ulcers or Aspirate of vesicle fluid, swab of Shell vial culture with 16-24 hours
vesicles, herpetic whitlow vesicle fluid or base of ulcer in antigen stain®"
VIM Antigen detection (FA) 2 hours
NAAT 2-5 hours
Past infection Recurrent genital symptoms but Serum 19G (group- or 1-2 days
culture negative type-specific)
antibody®
Neonatal infection Disseminated disease; hepatitis; Swab of lesion(s), EDTA blood, CSF, Shell vial culture with 16-24 hours
pneumonitis; encephalitis; skin, conjunctiva/nose/mouth swab, antigen stain®"
eye, mouth ulcers or vesicles rectal swab Antigen detection (FA) 2 hours
PCR 2-5 hours
Serum IgG and IgM antibody?  1-2 days
Continued
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TABLE 287-2. Optimal Specimen, Preferred Test, and Performance in Confirmation of Specific Infections—cont’d

Agent/Type or Site of
Infection or Host

Major Diseases

Optimal Specimens

Available Tests®

Average Time to
Positive Results®

Ocular herpes Conjunctivitis, keratitis Conjunctival or corneal swab or Shell vial culture with 16-24 hours
scraping in VTM antigen stain®"
Antigen detection (FA) 2 hours
PCR 2-5 hours
Brain/Meninges Encephalitis,” meningitis CSF, brain biopsy' PCRe! 2-5 hours
Antigen/antibody in CSF 2 hours
Shell vial culture with 16-24 hours
antigen stain”
Serum IgG and IgM antibody?  1-2 days
HuMAN HERPESVIRUS 6
Primary infection Roseola (exanthem subitum) Serum IgG and IgM antibody* 1-3 days
Immunocompromised Transplant recipients, AIDS EDTA blood for PBMC PCR 1-2 weeks
HUMAN IMMUNODEFICIENCY VIRUS
Suspected HIV infection in Symptomatic or asymptomatic Serum Screening HIV EIA° 1-2 days
adult or older child Confirmatory Western 1-3 days
blot or IFA
HIV p24 antigen, 2-4 days
NAAT
Newborn Suspected vertical or perinatal Serum Screening HIV EIA 1-2 days
transmission Confirmatory Western 13 days
blot or IFA
EDTA blood Virus culture 2-3 weeks
NAATC ! 1 week
OTHER VIRUSES
Human metapneumovirus Upper respiratory illness, NP aspirate/wash, nasal/throat PCR (including 1 day
bronchiolitis, pneumonia, croup swab, BAL multiplex assays for
respiratory viruses)’
Human papillomaviruses Cervical dysplasia Cervical swab RNA probe, hybrid 1-4 days
capture, PCR
Influenza viruses “Flu” syndrome, pneumonia NP aspirate/wash/swab, throat PCR (including 1 day

swab/wash, BAL

multiplex assays for

respiratory viruses)>'
Antigen detection for

influenza A and B

30 minutes—2 hours

Culture® 7-9 days
Measles virus Measles NP aspirate/wash Culture® 5 days
Throat swab Antigen detection® 2 hours
Serum IgG and IgM antibody?  1-2 days
Mumps virus Parotitis, aseptic meningitis, Urine, throat swab, saliva, CSF, blood Culture 8 days
meningoencephalitis Serum I9G and IgM antibody?  1-2 days
Parainfluenza viruses Croup, pneumonitis, bronchiolitis NP aspirate/wash Culture® 4-7 days
Antigen detection 2 hours
using FA
Parvovirus B19 Erythema infectiosum Blood, serum, bone marrow, IgG and IgM antibody* 2 days
Aplastic crisis, congenital, hydrops amniotic fluid cells, placental PCR 2 days
fetalis tissue, cord
Polyomavirus (JC and BK) JC virus — progressive multifocal CSF PCR 1 week
leukoencephalopathy (PML)
BK virus — polyomavirus-associated Urine PCR (quantitative) 1 week

nephropathy (PVAN)

Rabies virus

Encephalomyelitis

Immune status post-vaccination

Postmortem CNS tissue, Antemorem
nuchal biopsy

Serum, CSF

Saliva (antemortem)

Serum, CSF

All references are available online at www.expertconsult.com % 1391

Direct antigen
detection (DFA,
IHC, DRIT)°

IgG and IgM antibody*
(IFA)

Culture

RT-PCR

24 to 72 hours
2 weeks
2 weeks
24 to 72 hours
2 weeks
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TABLE 287-2. Optimal Specimen, Preferred Test, and Performance in Confirmation of Specific Infections—cont’d

Agent/Type or Site of

Infection or Host

Major Diseases

Optimal Specimens

Available Tests®

Average Time to
Positive Results®

Respiratory syncytial virus

Bronchiolitis, pneumonia, croup

NP aspirate/wash/swab, throat

Antigen detection®

15 minutes—4 hours

swab/wash, BAL Shell vial with antigen 16-48 hours
staining
Culture 3-7 days
Serum PCR (including 1 day
multiplex assays for
respiratory viruses)
Rhinovirus Common cold NP aspirate/wash Culture 7 days
Rubella Acquired or congenital rubella Serum I9G and IgM antibody 1-2 days
Throat swab Culture 5-7 days
VARICELLA-ZOSTER VIRUS
Skin, disseminated Chickenpox, herpes zoster, Vesicle fluid, scraping of base of Antigen detection® 2 hours
occasional CNS complications vesicle in VTM, CSF Culture 3-7 days
PCRe 1 day
Serum I9G and IgM antibody 1-2 days
Immune status Past infection or vaccination Serum 1gG antibody 1-2 days
MYCOPLASMA PNEUMONIAE Pneumonia, pharyngitis, Stevens— Throat swab Culture 3 weeks
Johnson syndrome, CSF PCR' 4-6 days
meningoencephalitis Serum IgG and IgM antibody®  1-5 days

Ag, antigen; AIDS, acquired immunodeficiency syndrome; BAL, bronchoalveolar lavage; CNS, central nervous system; CSF, cerebrospinal fluid;

EBV, Epstein—Barr virus; EDTA, ethylenediaminetetraacetic acid; EEE, eastern equine encephalomyelitis; EIA, enzyme immunoassay, EM, electron microscopy;
FA, fluorescence antigen detection;, HAV, hepatitis A virus; HBc, hepatitis B core; HBsAg, hepatitis B surface antigen, HBV, hepatitis B virus, HCV, hepatitis C
virus; HDV, hepatitis D virus; HIV, human immunodeficiency virus; HSV, herpes simplex virus; IFA, indirect fluorescence assay; IgG, immunoglobulin G;

NAAT, nucleic acid amplification test (may include: LCR, ligase chain reaction; NASBA, nucleic acid sequence-based amplification; NP, nasopharyngeal;

PCR, polymerase chain reaction); PBMCs, peripheral blood mononuclear cells; RIBA, recombinant immunoblot assay; SLE, St. Louis encephalitis;

WEE, western equine encephalomyelitis; WNV, West Nile virus.

“Available tests may vary by laboratory. Samples may need to be sent to a reference lab for some tests. Not all tests need to be performed in all patients.

The average time to a positive result may be as much a function of the test itself (e.g., culture) as it is the frequency with which the test is performed in the

laboratory.

°Preferred test on the basis of sensitivity, specificity, and short time to a positive test result.

YAcute and convalescent (2 to 4 weeks after the onset of illness) serologic testing is recommended for most viruses. IgM antibody testing is available for CMV,
EBV, HAV, HSV, measles, mumps, parvovirus B19, rubella, and varicella-zoster virus.

°In cases of sexual abuse or rape, culture is recommended because of concern about false-positive results with nonculture methods.

'PCR test times to a positive result vary.

9In the echovirus neutralizing antibody panel, four to five of the most prevalent recent serotypes are chosen for the panel.

"Serotyping of the isolate as HSV-1 or HSV-2 is available.

'Detection of proviral DNA after PCR amplification may be the preferred test in young infants, in adults with mononucleosis syndrome before seroconversion,

and in adults with an indeterminate Western blot.

of CMV directly in neutrophils) and a variety of NAATs using
WBCs, plasma, serum, or whole blood.'®*° These assays are
most widely used in immunocompromised patients and to a
lesser extent in infants with congenital CMV infection. Some
assays are quantitative or semiquantitative, and several studies
support a relationship between the level of CMV in blood and the
likelihood of active or emerging CMV disease.” > These assays are
used in pre-emptive treatment strategies, as well as for monitoring
response to anti-CMV therapy. However, because of variability
among commercial as well as in-house quantitative CMV assays,
the exact level of CMV DNA or antigenemia that should be used
to initiate pre-emptive therapy is not well established. Potential
problems with these assays include inhibition of PCR when
heparin is used as the anticoagulant,'? false-negative findings with
the CMV antigenemia assay when processing of blood samples is
delayed beyond 4 to 6 hours,” cost, the need for technical exper-
tise, and labor intensity (e.g., CMV antigenemia). Neither assay
has been shown to be clearly superior.

For the diagnosis of CMV mononucleosis in otherwise healthy
people, testing for CMV-specific IgM is the preferred test. However,
IgM antibodies can be detected in both primary and reactivated
CMV infections and can persist for months. False-positive CMV

IgM results can occur in patients with acute EBV infection, as well
as in patients with high levels of rheumatoid factor in the presence
of CMV-specific IgG.”® In immunologically immature hosts or in
immunosuppressed patients, the CMV IgM response during acute
infection can be delayed or absent. Because IgM antibodies do not
cross the placenta, their detection in a newborn is diagnostic of
congenital infection. However, production of IgM antibodies by
the newborn may be delayed or absent in up to 30% of cases and
thus a negative result does not exclude congenital infection.®

The major use of CMV IgG serology is to determine susceptibil-
ity to infection in healthcare or childcare workers®” and to identify
the CMV status of blood and organ/tissue donors and recipients.”®
In pregnant women, CMV-specific IgG avidity assays may be of
value.® The presence of low-avidity IgG anti-CMV may be a better
predictor of recent infection than IgM alone, thus increasing the
likelihood of CMYV transmission to the fetus. However, substantial
variability in performance of different CMV avidity assays pre-
cludes clear guidance on use and interpretation.”” Additional
testing such as PCR or virus isolation from amniotic fluid may be
required to confirm infection of the fetus.

Standardization of in vitro CMV antiviral susceptibility testing
has not been established despite utility in immunocompromised
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patients in whom resistance correlates with clinical failures.'®
Phenotypic assays are limited by lengthy turnaround time and
expertise required for performance. Genotypic assays can detect
mutations in the CMV UL97 phosphotransferase gene and the UL
54 DNA polymerase gene conferring antiviral resistance but are
not available widely.

Epstein—Barr Virus

In patients with suspected EBV mononucleosis (IM), heterophile
antibody remains the serologic test of choice.'” These IgM anti-
bodies can be detected easily and rapidly using a simple spot
agglutination assay (often referred to as a “monospot”) or immu-
nochromatographic assays.'*?

Heterophile antibodies develop in approximately 80% to 85%
of adolescents and adults with EBV (IM)"" within 2 to 3 weeks
after the onset of illness. Responses can be delayed in some indi-
viduals; repeat testing may be required. The heterophile test can
be negative in 70% to 80% of EBV infections in children <4 years
of age."” Heterophile antibodies usually disappear within a few
months but can persist for >1 year after acute illness in 20% to
70% of patients*® and persistence should not be interpreted as
recurrent or chronic IM. Cases of heterophile-negative IM in
school-aged children are due to CMV in 70% and EBV (proven by
EBV-specific serology) in 16%.'"

EBV serology is indicated when the diagnosis of EBV infection
is strongly suspected but the heterophile test is negative.”* The
immunofluorescence antibody (IFA) test is considered the “gold
standard” although EIA and immunoblot assays can be used.'”
IFA tests have more uniform performance characteristics, whereas
EIAs can vary because of the wide variety of antigen preparations
used in different kits. The most useful diagnostic test is IgM anti-
EBV viral capsid antigen (VCA), which appears within 1 to 2 weeks
after the onset of symptoms, disappears within months, and is
91% to 98% sensitive and 99% specific.”*'""'* False-positive
results can occur due to the presence of rheumatoid factor, other
herpesvirus infections, and antinuclear factors in EIA test systems.
False-negative results can occur if samples are collected late in the
course of the illness. IgG anti-VC is elevated during symptoms of
illness and can persist for life, and thus is less useful for the diag-
nosis of acute infection but remains the most reliable marker of
EBV seropositivity. IgG anti-early antigen (EA) rises early, whereas
IgG anti-EBNA (Epstein-Barr nuclear antigen) appears late (gener-
ally after 6 weeks) and persists for life. Several months after recov-
ering from IM, an individual is expected to have IgG antibodies
to VCA and EBNA, but low or absent VCA IgM antibodies as well
as low or absent antibodies to EA' (see Figure 208-3).

Direct tests for EBV, such as cultivation in cord blood leuko-
cytes, direct detection by immunofluorescence staining, or detec-
tion of DNA, '™ are performed in some laboratories. EBV can be
isolated from oropharyngeal washings or circulating lymphocytes
of 80% to 90% of patients with IM. PCR detection of EBV DNA
in the CSF of patients with HIV infection is strongly associated
with primary CNS lymphoma.'® Following organ and marrow
transplantation, the use of quantitative EBV PCR using blood
specimens may help predict the development of posttransplant
lymphoproliferative disease.’”” Relative merit of testing whole
blood, leukocytes, plasma, or serum is unclear. Elevated levels of
EBV DNA in peripheral blood may be an indication to decrease
immunosuppressive therapy or to consider therapies such as
CD20" monoclonal antibodies or EBV-specific cytotoxic T
lymphocytes.'”

Rarely, EBV infection is associated with an acute fulminant
disease (e.g., X-linked lymphoproliferative syndrome and virus-
associated hemophagocytic syndrome).'*® Persistent high-titer EBV
antibodies, except against EBNA, are characteristic but may be
absent. The diagnosis depends on detection of virus or its genome.

Varicella-Zoster Virus

The diagnosis of chickenpox or herpes zoster (shingles) usually
can be made clinically. In selected circumstances, isolation of virus

from vesicular fluid, demonstration of viral antigen in cells scraped
from the base of lesions using FA staining, and detection of VZV
DNA by PCR in vesicular fluid, skin scrapings, respiratory secre-
tions, blood, or CSF'®-""* may be useful. Skin lesions <4 days old
are more likely to yield virus than older ones. Because VZV is
extremely labile, transport of samples to the laboratory should
occur within 12 hours of collection. Direct detection of VZV anti-
gens by FA of smears from lesions is more sensitive than culture
and is the preferred method for diagnosis of VZV skin lesions."?
Vigorous swabbing to retrieve cellular material from the base of
the vesicular lesion optimizes the yield. Vesicular fluid, although
good for culture, is inadequate for FA testing.

PCR for detection of VZV DNA compared with culture or FA has
advantages of increased sensitivity, in scrapings of older lesions,
and ability to distinguish vaccine- versus wild-type VZV. PCR
analysis of CSF can confirm the etiology of CNS syndromes that
can occur as a complication of varicella or zoster, with or without
cutaneous lesions. Detection of VZV DNA in CSF by PCR along
with detection of VZV antibody in CSF are recommended to
confirm VZV CNS infection."®> Multiplex PCR assays capable of
detecting VZV as well as other herpesviruses have been evaluated
and may simplify the diagnosis in patients with overlapping clini-
cal syndromes (e.g., vesicular rash).*

IgG anti-VZV is used primarily to assess susceptibility to infec-
tion, to determine the need for vaccination or risk of disease in
exposed individuals, and to determine the duration of protection
post-vaccination."*"” During acute VZV infection, VZV antibodies
appear within a few days after the onset of rash and peak 2 to 3
weeks later. A >4-fold rise in IgG antibody between serum col-
lected 10 to 14 days apart or the detection of VZV-specific IgM
antibodies in a single sample supports a diagnosis of acute infec-
tion. However, serologic diagnosis can be confounded by hetero-
typic HSV antibody increases that can occur in up to one-third of
patients with primary HSV infection who have experienced a pre-
vious VZV infection."® Fluorescent antibody against membrane
antigen (FAMA) is considered the gold standard for detection of
VZV antibodies."” Detection of neutralizing antibodies to VZV in
healthy individuals by FAMA or latex agglutination correlates with
protection in up to 96% of persons." Occasionally, VZV infection
has been reported to occur in patients with low levels of VZV
antibodies detected by these assays.'?® EIA assays may have lower
sensitivity when compared with FAMA and latex agglutination
assays particularly in detecting antibodies post-vaccination.'’
Newer glycoprotein (gp) EIAs appear to have improved sensitivity
over older ones.

Human Herpesvirus Types 6, 7, and 8

Primary infection with human herpesvirus 6 (HHV-6) occurs in
most children before the age of 2 to 3 years and routine lab testing
usually is not performed. Detectable antibodies in primary infec-
tion generally appear 3 to 8 days following onset of fever. The
following serologic criteria are considered diagnostic of primary
HHV-6 infection: (1) antibody seroconversion between acute- and
convalescent-phase serum/plasma specimens collected 2 to 4
weeks apart; (2) detection of HHV-6-specific low-avidity IgG anti-
bodies; (3) positive serum IgM in the absence of IgG antibodies;
and (4) >4-fold rise in IgG antibody by IFA or anticomplementary
immunofluorescence assays.'”' Current commercial assays for IgG
anti-HHV-6 do not distinguish between variants A and B and can
cross-react with HHV-7 and CMV."”>'** Antibody avidity testing
can be used to differentiate primary HHV-6 from HHV-7 infec-
tions. IgM anti-HHV-6 alone is not a reliable indicator of acute or
recent infection because IgM also can be found during reactivation
or reinfection and approximately 5% of adults have detectable
IgM anti-HHV-6 at any time."”" IgM may not be detectable in some
culture-positive children.'?*'** During acute primary HHV-6 infec-
tion, virus can be recovered from cultures of peripheral blood
mononuclear cells (PBMCs) in 100% of infants, but not after
recovery,'”” whereas HHV-6 DNA can be detected by PCR during
both acute illness and after recovery.'**'** Monoclonal antibodies
are available for direct detection of HHV-6 antigen and have been

All references are available online at www.expertconsult.com % 1393
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used to confirm cell culture CPE and for immunohistochemical
staining of tissues.

In immunosuppressed patients, HHV-6 infection can be associ-
ated with significant morbidity and mortality."””'** Proof of
HHV-6 causation is difficult because specific antibodies can be
absent and demonstration of viral DNA in PBMCs can represent
latent infection. Although PCR detection of HHV-6 DNA in
serum/plasma has low sensitivity, it may be a better marker for
active infection. PCR was negative in the serum or plasma of 57
healthy adults, but positive in 94% of 17 patients with exanthem
subitum, 23% of 13 bone marrow transplant recipients, and 22%
of 18 HIV-infected patients.'**'3°

Serologic tests for HHV-7 are not available widely. Some degree
of cross-reaction between HHV-6 and HHV-7 antibodies occurs
due to cross-reactive epitopes on the viruses.'** Responses can be
distinguished by antibody avidity testing.'”? A significant rise in
HHV-7 antibodies with stable or absent antibodies to HHV-6 may
indicate active infection with HHV-7. HHV-7 has been isolated
from the saliva of 75% of healthy adults' as well as from ill
individuals, questioning the value of such testing. HHV-7 has been
isolated only rarely from PBMCs of healthy asymptomatic indi-
viduals compared with those with active infections, suggesting
that PBMC cultures may have diagnostic value."® Specific primers
for PCR amplification of HHV-7 have been developed that do not
amplify the DNA from any other human herpesviruses and have
been included in a multiplex assay.'**'**

Testing for HHV-8 is only available in research settings. PCR has
been used for detection of HHV-8 DNA in PBMCs and tissues.'*
The use of plasma/serum for HHV-8 PCR has no value for identify-
ing active infections.'” Serologic assays can detect 1gG- but not
IgM-anti HHV-8. Useful for seroprevalence studies, the role of
serologic tests in diagnosing and managing HHV-8 infections has
not been established.'*®

Respiratory Syncytial Virus

NP wash or aspirate is superior to swab sampling for detection of
RSV infection. Bronchoalveolar lavage (BAL) and endotracheal
tube (ETT) aspirates also are acceptable. Specimens for culture or
FA testing should be transported on wet ice or refrigerated as soon
after collection as possible as there is substantial loss of cell
culture infectivity at room temperature. Samples for antigen detec-
tion can be transported at room temperature. Culture for RSV
requires a mean of 3 to 7 days. Shell vial culture appears to have
a slightly greater sensitivity than standard culture.’”” Culture has
the advantage of detecting other respiratory viruses that are recov-
ered from 5% to 10% of specimens submitted for diagnosis of RSV
infection. The use of mixed fresh cells has proven to be a rapid
and sensitive method for detection of RSV. The sensitivity of
antigen detection techniques such as EIA microtiter plate Kits,
membrane filter EIA, and DFA range from 84% to 96%, with
specificity of 92% to 96%.**'**'*° The membrane filter EIA offers
the advantage of providing a result within 15 to 20 minutes.'3%13%1%
Some assays can detect multiple respiratory viruses simultane-
ously."? In general, rapid antigen detection tests for RSV have a
relatively lower sensitivity in adults than children, which likely
reflects the decreased amount and duration of shedding of RSV in
respiratory secretions of adults.

The use of serologic tests for the diagnosis of acute RSV infection
has little clinical value. In primary RSV infection, detectable IgM
antibodies appear approximately 5 to 9 days after onset of symp-
toms and persist for several weeks. The antibody response may be
poor or absent in very young infants, older individuals with repeat
infections, and immunocompromised patients.'** RSV antibody
detection may be useful for epidemiologic purposes and for evalu-
ating responses to candidate RSV vaccines.'** NAATs improve the
detection of RSV in respiratory tract specimens and have been used
to distinguish between RSV subgroups A and B during community
and institutional outbreaks.'"”” Multiplex PCR assays capable of
detecting several respiratory viruses in the same test have been
evaluated.'3*

Influenza Viruses

Clinical samples for the detection and isolation of influenza
viruses should be collected within 3 days of symptom onset when
virus shedding is maximal. Transport to the laboratory should be
as prompt as possible and specimens can be stored at 4°C if
processing will be delayed beyond 3 to 4 days. Standard tube
culture for isolation of influenza viruses requires 3 to 5 days. Shell
vial shortens the time for detection to 48 hours but may not be
as sensitive as standard culture.'*” Serotyping of influenza A and
B viruses isolated in culture can be achieved by inhibition of
hemagglutination using serotype-specific antiserum.

Several rapid antigen detection kits, including point-of-care
tests, are available for the detection of influenza A only, influenza
A and B together (without distinguishing between them), and
influenza A or B."*%° Evaluations of rapid tests for the detection
of seasonal influenza virus as well as the pandemic 2009 H1N1
virus indicate relatively poor sensitivity but high specificity.'*”41%
These tests have not been evaluated fully for the detection of avian
influenza A/H5N1. When good-quality respiratory specimens
with well-preserved epithelial cells are used, DFA staining using
monoclonal antibodies has a sensitivity of 80% to 90% and spe-
cificity of >90%.""'"'>* NP aspirates are superior to NP swabs and
throat swabs for the detection of influenza A in healthy volun-
teers.””*'%> A number of different PCR assays including multiplex
respiratory virus assays have been evaluated in several studies and
show a substantially increased sensitivity compared with other
methods, including culture.*>'*¢-'5® Multiplex assays capable of
detecting influenza A (including pandemic 2009 H1N1) and B,
antiviral resistance mutations (particularly the H275Y substitu-
tion conferring resistance to oseltamivir), and multiple other
respiratory viruses are available.'**-1%°

Other Respiratory Viruses

Numerous other viruses including human parainfluenza viruses
types 1, 2, 3, and 4, adenoviruses (subtypes A to E), rhinoviruses,
human coronaviruses 229E, OC43, severe acute respiratory
syndrome (SARS) coronavirus, and human metapneumovirus
(hMPV) can infect the respiratory tract and cause clinical signs and
symptoms indistinguishable from influenza and RSV. Laboratory
diagnosis may be important for epidemiologic purposes, for
implementation of appropriate infection control measures, and
for reducing empiric use of antibiotics. Culture for parainfluenza
viruses and adenoviruses requires approximately 4 to 6 days for a
positive result. Most laboratories do not routinely attempt isola-
tion of rhinoviruses. No routine culture methods are available for
isolation of coronaviruses or hMPV. DFA staining is available for
parainfluenza viruses and for adenoviruses.'® Interpretation of the
causal role of adenovirus is confounded by latency and reactiva-
tion. No antigen detection test is available for rhinoviruses, hMPV,
or coronaviruses. Serology is of no value for the diagnosis of acute
infection with these viruses. Several of the previously discussed
multiplex molecular assays for the detection of respiratory viruses
can detect many of these other respiratory viruses.'*’

Hepatitis Viruses

Routine diagnosis for all hepatitis viruses is based on serology.
Serum or plasma can be used for most assays and should be sepa-
rated from blood within 24 hours of collection. The diagnosis of
acute HAV is made by demonstration of IgM anti-HAV.'® Immu-
nity to HAV following natural infection or immunization is deter-
mined by measuring hepatitis A IgG or total (IgG and IgM)
anti-HAV.'** Currently, there is no role for reverse transcription
(RT)-PCR measurement of HAV RNA for routine diagnosis. In
acute and chronic HBV infection both HBsAg and anti-hepatitis B
core antibody (HBcAb) usually are present.'®> IgM anti-HBc gener-
ally is present in acute HBV infection and occasionally during a
flare of inflammation in chronic carriers. Thus, IgM anti-HBc does
not always distinguish acute from chronic infection. By definition,
a person with persistently positive HBsAg for >6 months is
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considered chronically infected. Isolated anti-HBc positivity can
occur during: (1) acute infection between the loss of detectable
HBsAg and emergence of detectable HBsAb (“core window”); (2)
late chronic infection when HBsAg levels have fallen below detect-
able levels; (3) coinfection with HCV or HIV that suppress HBsAg
production; (4) infection with a mutant HBV; or (5) a false-
positive result. The role of quantitative HBsAg assays is being
evaluated for monitoring patients with chronic hepatitis B infec-
tion. The presence of HBV e antigen (HBeAg) and the absence
of anti-HBe are markers of greater infectivity and correlate with
increased risk of progression to chronic hepatitis, cirrhosis, and
hepatocellular carcinoma.'® The presence of anti-HBe is an indi-
cator of likely recovery. The presence of HBsAb at a level >10 IU/
mL is considered to protective against acute infection. HBsAb
levels can decline below 10 IU/mL after 10 to 12 years in a sub-
stantial number of vaccine responders. These individuals remain
protected from acute infection likely as a result of immune
memory.'** The presence of HBsAb alone reflects prior immuniza-
tion whereas the presence of HBsADb together with HBcAD reflects
recovery from previous natural infection.'®?

For diagnosis of HCV infection, second- and third-generation
EIA and supplementary recombinant immunoblot assay (RIBA)
using recombinant structural proteins are available widely.'®>'*®
Seroconversion occurs by 8 to 12 weeks following acute infection,
with sensitivity of 94% to 100% (except in immunosuppressed
individuals) and specificity of >97% after the supplementary RIBA
test.*> HCV antibody (anti-HCV) frequently is negative at the onset
of jaundice. The presence of HCV antibodies indicates current
infection in most patients. No assay is available currently for the
detection of IgM anti-HCV. The utility of measuring HCV antigen
in serum or plasma has not been established.

Molecular assays for the detection and quantification of HBV
and HCV viral nucleic acid in serum are useful for determining
prognosis, selecting candidates for therapy, and monitoring
response to therapy.'®>'"'%® A lower baseline concentration indi-
cates a better prognosis and a greater likelihood of response to
treatment. Patients responding to antiviral treatment demonstrate
a significant drop in HBV DNA or HCV RNA, whereas nonre-
sponders do not. Molecular assays also are available for HBV and
HCV genotyping and antiviral resistance testing.'® HCV genotyp-
ing is useful for epidemiologic purposes and to identify patients
most likely to respond to therapy. The role of HBV genotyping is
less well established. NAATs that detect HCV RNA in serum 1 to
3 weeks after exposure are being used as part of blood and organ/
tissue donor screening and in patients with indeterminate HCV
antibody results when the RIBA is inconclusive.

In most clinical situations, testing for hepatitis A, B, and C can
be grouped into one of three categories: (1) acute hepatitis; (2)
chronic hepatitis; and (3) immune status/previous exposure. For sus-
pected acute hepatitis, initial testing for IgM anti-HAV, HBsAg, and
anti-HCV should be performed. If all 3 are negative, IgM anti-HBc
should be tested. Repeat testing for anti-HCV is recommended in
3 to 4 weeks. In situations where chronic hepatitis is suspected,
testing should include HBsAg and anti-HCV. Some also may test
for anti-HBc. Patients being screened for immunity and/or previous
infection should have the following tests: (1) total or IgG anti-HAV;
(2) HBsAb or HBcAb or both (depending on whether previous
infection is suspected); and (3) anti-HCV (which is a marker of
previous infection and not immunity).

Serologic tests are available for both hepatitis D (delta agent)
(HDV) and hepatitis E viruses (HEV) but none have been approved
by the Food and Drug Administration (FDA).'” Because infection
with HDV occurs solely in conjunction with HBV infection, testing
for anti-HDV only should be performed in patients acutely or
chronically infected with HBV. During coinfection with HBV and
HDV, anti-HDV disappears within months following recovery
from acute infection. However, in HDV superinfection of a HBV
chronically infected patient, anti-HDV generally persists indefi-
nitely as infection becomes chronic in most cases. Measurement
of HDV RNA by RT-PCR remains a research test. Both IgG and IgM
anti-HEV can be measured using research or commercial assays.'”
Due to the use of different antigens, assays show significant

variability in sensitivity and specificity.'”* IgG anti-HEV is positive
in most patients 1 to 4 weeks after the onset of disease and
becomes undetectable by 3 months. IgG anti-HEV typically
declines after infection. In areas where HEV is not endemic,
RT-PCR may prove useful as a confirmatory test.

(astroenteritis Viruses

Stool samples placed in a clean sterile container without VIM or
preservative for the detection of enteric viruses should be collected
within the first 48 hours of illness. Rectal swabs may not contain
sufficient virus for EM detection. Stool specimens are stable at 4°C
for up to 1 week. Although freezing at —70°C can permit pro-
longed storage, EM detection is reduced by repeated freezing and
thawing that destroys the morphology of viral structures. None of
the enteric viruses can be cultivated readily in conventional cell
culture systems, but all can be detected by EM. Commercial EIA,
latex agglutination and membrane-based tests with >95% sensitiv-
ity and specificity are available for detection of rotaviruses, noro-
viruses, enteric adenoviruses, and astroviruses.'”?*!”3> PCR-based
assays for these viruses are becoming available in many state
health departments.”""'”* PCR-based assays are now the method of
choice for diagnosing enteric viruses, particularly rotaviruses and
caliciviruses. There is no role for serologic testing for enteric
viruses except during outbreak investigations.

Enteroviruses

Enteroviruses generally are stable and survive in the environment
for weeks; rapid transport of clinical specimens to the laboratory
is not critical. Enterovirus viability decreases slowly over days to
weeks at room temperature and is preserved for decades at —70°C.
Appropriate specimens include CSE serum or whole blood, peri-
cardial fluid, tissue biopsies (e.g., myocardium), urine, stool, and
rectal, nasal and throat swabs. Although many enteroviruses can
be grown in cell culture, some serotypes (e.g., coxsackievirus A
groups 1, 19, and 22) fail to grow in standard cell culture. Isola-
tion of enterovirus requires 4 to 7 days.'” Virus can be isolated
more frequently from stool (80% to 85%) and throat swabs (50%
to 60%) than from CSF (40% to 60%) and serum or peripheral
leukocytes (40% to 50%). Due to the lack of a common antigen
among enteroviruses, immunoassays for direct detection are not
available. EM is not useful for diagnosis because of the low
numbers of viruses in most clinical samples.

RT-PCR has been used to test CSE cardiac tissue, pericardial
fluid as well as serum and has significantly improved the speed of
detection of enteroviruses, with reported sensitivity of 81% to
100% and specificity of 92% to 100%.'”*'”” In comparison, culture
has a sensitivity of only 40% to 60%.'”® Detection in urine samples
is poor, probably due to nonspecific inhibitors of PCR.'”® In res-
piratory specimens, cross-amplification of some rhinoviruses can
occur.

Clinically, the detection of enteroviruses must be interpreted
cautiously. Asymptomatic shedding of wild enterovirus from the
gastrointestinal tract can occur for weeks or months. Additionally,
oral polio vaccine virus can be shed in stool and, less commonly,
in the throat of young vaccinated children. Detection of virus
in CSE the genitourinary tract, tissue, or blood is proof of a causa-
tive role.

Measuring antibody titers for enteroviruses is of limited diag-
nostic value. A separate neutralization assay must be performed
for each enterovirus subtype.

Measles, Mumps, and Rubella (MMR)

The laboratory diagnosis of MMR viruses can be made by virus
isolation, detection of antigen, the use of RT-PCR, or serologic
testing. Suitable samples for isolation or detection of viral antigen
include whole blood (particularly PBMCs for the isolation of
measles), serum, throat and NP secretions, urine and, under
appropriate clinical circumstances, CSE brain and skin biopsies.
As these are labile viruses, rapid transport to the laboratory is
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important. Specimens are best kept at 4 °C prior to processing, but
may be frozen at —70°C if a delay >48 hours is anticipated. Isola-
tion of virus from blood is greatest 3 to 5 days before rash onset
and declines rapidly within 2 to 3 days thereafter. Conjunctival
and NP samples for isolation of measles virus can be collected 2
to 4 days before and up to 4 days after the onset of rash. Throat
swabs for rubella virus isolation usually are positive (~90%) if
collected on the day of rash onset but rapidly become negative
within 4 days. Mumps virus can be isolated from saliva 9 days
before and up to 8 days after the onset of parotitis. These viruses
can be cultivated in conventional cell lines, but isolation requires
7 to 10 days for measles and mumps virus and >3 weeks for rubella
virus.'”'% The shell vial method for measles virus has a sensitivity
of 78% at 1 to 2 days and 100% at 5 days. Sensitivity of DFA
staining of NP swab specimens for measles virus antigen is 100%
compared with culture, but only 67% for throat swabs and 85%
for urine specimens. Shell vial culture for detection of mumps
virus has comparable sensitivity and specificity to traditional
culture.

Molecular diagnosis using virus-specific RT-PCR has been used
for detection of all of these viruses and can be used for genotyping
to help differentiate wild-type from vaccine-virus strains.'"'%?

Timing of serum specimen collection is critical as many patients
do not have IgM antibody at the time of rash onset. For suspected
measles virus infection, serum can be collected within 7 to 10 days
of rash onset. For rubella virus infection, >90% of patients will
have IgM positivity 25 days after rash onset. Although the tradi-
tional MMR serologic test is HAI for IgG antibody, a number of
IFA and EIA IgG and IgM kits are available commercially.'** With
the declining prevalence of these viral diseases, the positive predic-
tive value of IgM tests can be low. The presence of rheumatoid
factor can lead to a false-positive IgM result and re-exposure in a
previously vaccinated individual or individual with a history of
natural infection can result in a secondary IgG or IgM response.
Mumps IgM antibody can persist for months after acute illness.'®*
Patients with IM,"®* parvovirus B19 infection,'®® measles virus, and
CMV infection can have cross-reacting IgM anti-rubella. Similarly
infection with parvovirus B19 and rubella virus can result in cross-
reacting IgM anti-measles. In pregnant women, IgM anti-rubella
should be confirmed with a second IgM assay or detection of a
significant rise in IgG andtibodies.'®” Avidity assays for IgG anti-
bodies to measles and rubella viruses are available. Measurement
of virus-specific IgG antibodies can be used to determine immune
status. For mumps virus, cross-reactions with other paramyxovi-
ruses can occur. For rubella virus, an IgG level of >10 IU/mL is
thought to represent immunity in most cases.'”

Human Immunodeficiency Virus

The major diagnostic tests for HIV are serologic (EIA, IFA, and WB
for HIV antibody, EIA for p24 antigen), culture, and NAATs for the
detection of HIV-1 RNA in plasma or proviral DNA in whole
blood or PBMCs. Culture for HIV is no longer used for routine
diagnosis.'® NAATs can be used for the diagnosis of HIV-1 infec-
tion in neonates with excellent sensitivity and specificity.'®’
Screening tests for HIV-1 RNA have become part of routine blood
and organ/tissue donor screening programs since 2002,*° and
also can be used for measuring HIV-1 in other specimen types
including CSE cervical secretions, seminal plasma/semen and
serum. The use of NAATs in populations who are not known to
be HIV-seropositive has yielded false-positive results.'” The major
use of quantitative HIV-1 viral load assays is for monitoring a
patient’s response to antiretroviral therapy.”®'”* Because of the
intra-assay and biologic variability in HIV-1 RNA levels, a >3-fold
change is considered clinically relevant. Different molecular assays
also can produce significant differences in HIV-1 viral load and
thus baseline values should be repeated when the laboratory
testing is changed from one assay to another.'’> Some assays yield
lower levels in the same patient if serum is used instead of plasma
or if blood is collected in acid-citrate-dextrose anticoagulant
rather than EDTA. Currently available commercial assays vary in

specimen volume requirement (range from 50 pL to 2 mL), lower
limit of detection, dynamic range, and time to result."”” Regardless
of assay format, plasma must be separated from the blood cells
within 6 hours of collection. None of these assays is approved for
use in individuals infected with HIV-2 or HIV-1 group O. Other
molecular assays are available for HIV-1 genotyping for the detec-
tion of antiretroviral resistance mutations.'”® Resistance testing is
recommended prior to initiating therapy and when treatment
failure occurs. Phenotypic assays can also be performed for this
purpose.

The mainstay of diagnosis for HIV remains HIV-specific serology
using screening EIAs or, less commonly, particle agglutination
assays followed by confirmatory testing using WB or other assay.'”
Both serum and plasma are acceptable specimens. Testing systems
for dried blood spots, urine, and saliva also are available. Early
EIA had sensitivity and specificity exceeding 95% in the diagnosis
of HIV infection in high-risk groups. However, in low-risk groups
such as blood donors, 90% of positive results were false due, most
commonly, to cross-reacting antibodies against human leukocyte
antigens in the cell lysate used in antigen preparation.’® False-
negative results occurred due to antigenic heterogeneity among
HIV strains, particularly group O."* Recent EIA kits use more puri-
fied viral antigens from cell lysates, recombinant viral proteins,
and synthetic peptide antigens and can detect group O. These
assays have increased sensitivity and specificity and fewer indeter-
minate results."”® Most currently available assays detect IgG and
IgM anti-HIV-1 and anti-HIV-2 in the same assay."”> Fourth-
generation screening tests can detect both HIV-1/HIV-2 antibodies
and p24 antigen at the same time while reducing the seroconver-
sion window period to approximately 16 days."”® Detuned (also
known as “sensitive/less sensitive”) EIAs capable of measuring the
affinity of HIV antibodies have been used to distinguish recent
from past/distant HIV infection and to estimate incidence rates.'*®

WB remains the principal confirmatory test for HIV serology,
despite the fact that its sensitivity in seroconversion panels is
inferior to third- and fourth-generation screening tests. Separate
WB tests must be used to confirm HIV-1 and HIV-2. WB measures
the antibody response to 9 HIV-1 proteins (p) or glycoproteins
(gp): gp160, gp120, p66, p55, p51, gp4l, p31, p24, and p17 but
is prone to give a high rate of indeterminate results due to detec-
tion of cross-reacting antibodies and nonspecific reactions."”® The
Centers for Disease Control and Prevention (CDC) criterion for
confirmation of HIV-1 infection is presence of antibody to any
two of the following: p24, gp41, or gp120/160."” No antibody
response to HIV-1 proteins represents a negative test, whereas the
presence of some, but not all, antibodies required for a positive
interpretation is an indeterminate result; repeat testing over the
next 6 months is recommended, and if WB results remain inde-
terminate persons are considered not to be infected.”” In low-risk
populations, persons with a positive screening EIA test result and
indeterminate WB are rarely, if ever, infected with HIV on follow-up
serologic testing.'?*'”?

The IFA test can detect both IgG and IgM anti-HIV-1, is quite
sensitive and specific, and can be used as an alternative to WB as
a confirmatory test.'” The line immunoassay (LIA) can be used
for confirmation of HIV-1 (including group O) and HIV-2 in a
single test. Rapid point-of-care tests for both screening and con-
firmation requiring minimal or no laboratory equipment have
been developed that can yield a result in <30 minutes with com-
parable sensitivity and specificity to third-generation EIA-based
tests and other confirmatory assays.>®

Different laboratory diagnostic strategies are needed for the
most common situations in which HIV infection is considered:
(1) an adult or older child who is suspected of having HIV infection;
(2) an infant with suspected vertically-acquired HIV infection; and (3)
an individual in whom acute infection or seroconversion may
develop because of exposure to an HIV-infected person.

An adult or older child who has been infected with HIV for weeks
to months is expected to be antibody positive. The standard
approach in this situation is to perform: (1) screening EIA, with
a repeat EIA (in duplicate) if the test is positive; and (2) a
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TABLE 287-3. Sensitivity (%) of Diagnostic Tests for HIV in Infants According to Age

Age
Method 1 week 2-4 weeks 1-2 months 3-6 months >6 months
Culture 30-50 50 70-90 >95 >95
PCR 30-50 50 70-90 >95 >95
p24 1-25 20-50 30-60 30-50 20-40
IgA <10 10-30 20-50 50-80 70-90

HIV, human immunodeficiency virus; IgA, immunoglobulin A; PCR, polymerase chain reaction.

Adapted from Report of a Consensus Workshop, Siena, Italy. Early diagnosis of HIV infection in infants. J Acquir Immune Defic Syndr 1992,5:1169-1178.

confirmatory WB test if the repeat EIA is positive.”*® If the results
of serologic testing are indeteminate, additional tests for p24
antigen, HIV DNA or RNA, or culture of PBMCs can be per-
formed." In the setting of high risk and clinical features of infec-
tion, p24 antigen test has specificity of 99%."° The sensitivity of
the antigen test varies according to clinical disease status: 4% in
asymptomatically infected people, 56% in patients with AIDS-
related complex, and 76% in patients with AIDS.*"

Confirmation of vertical transmission of HIV using EIA or WB is
confounded by the presence of maternal antibodies for up to 18
months of age."® In a symptomatic infant >4 to 6 months of age,
detection of p24 antigen, or HIV genome and culture of the virus
from PBMCs are reliable, definitive tests.?’*2°* The sensitivities of
culture, NAAT, p24 antigen, and IgA anti-HIV-testing for the early
diagnosis of HIV infection in young infants are shown in Table
287-3 and discussed further in Chapter 111, Diagnosis and Clini-
cal Manifestation of HIV Infection.'®?**% Although culture is
considered the “gold standard” for pediatric HIV infection, NAAT
for viral DNA or RNA is more sensitive.

In an individual with known HIV exposure, antibody to the virus
usually can be detected within 2 to 8 weeks after infection. Based
on third-generation screening assays, HIV antibodies are detecta-
ble in 50% of infected individuals within 3 weeks after infection
and in most of the remaining patients within 2 months."”**®
Virtually all infected, immunocompetent individuals are seroposi-
tive 6 months after exposure.”” A mononucleosis-like syndrome
develops in some individuals 2 to 4 weeks after infection; p24
antigen can appear transiently during this period.*”

Arboviruses

For the majority of arbovirus infections laboratory testing gener-
ally is not performed. For arboviruses causing CNS disease only a
brief, low level of viremia occurs which clears before the patient
seeks medical attention.” Thus blood specimen for virus isolation
and NAAT rarely yield positive results unless collected prior to the
neuroinvasive phase of illness. For some arboviruses, including
dengue, yellow fever, sandfly fever, Venezuelan encephalitis, and
Colorado tick fever, a relatively high level of viremia occurs that
can persist for days or weeks making virus isolation or NAAT from
blood specimens possible (in reference laboratories). Virus isola-
tion of neurotropic viruses from brain tissue and CSF occasionally
is successful during the acute phase of infection; NAAT is more
sensitive in these cases.”

For most arbovirus infections, the diagnosis is established by
IgG seroconversion or detection of specific IgM antibodies, or
both.”"**'? Collection of paired acute (collected during the first
week of illness) and convalescent (collected 2 to 3 weeks later)
sera is recommended. A single sample may be sufficient for diag-
nosis if a specific IgM test is available (e.g., eastern equine enceph-
alomyelitis, western equine encephalomyelitis, California (La
Crosse) virus, St. Louis encephalitis (SLE), West Nile virus, dengue
virus). However, in some cases (e.g., West Nile virus), virus-specific
IgM can be detected in serum for >2 years following infection. For

CNS disease, both serum and CSF specimens should be tested.
The sensitivity of some of these tests approaches 100% by the
10th day of illness.””® Traditional assays such as CF and HAI tests
largely have been replaced by FA and ElAs.”™ Serologic cross-
reactions can occur among antigenically related viruses (e.g., SLE,
West Nile virus, Japanese encephalitis, dengue, Powassan, and
other flaviviruses). The neutralization test remains the most spe-
cific test for serologic diagnosis of arbovirus infections. Neutral-
izing antibodies are also felt to be the best indicator of protective
immunity.

Parvovirus B19

Parvovirus cannot be cultivated in routine cell culture and thus
serology (rising IgG titers or presence of IgM antibody) is the
mainstay of diagnosis.”’* IgM antibodies are detectable in serum
approximately 10 to 12 days after infection, when the rash or joint
symptoms begin, and can persist for several months. The sensitiv-
ity of IgM anti-parvovirus exceeds 90% in the first month after the
onset of symptoms. IgG antibodies appear within several days
after IgM and generally persist for years. Current IgG assays have
a sensitivity of >90%; IgG indicates past infection. Re-exposure to
parvovirus leads to a rise in IgG antibody levels. IgG avidity
assays can help distinguish primary from secondary infections.””
Immunocompromised individuals may not produce antibody;
diagnosis can be made by NAAT detection of viral DNA in serum
or other specimen types. Parvovirus-associated aplastic crisis,
chronic infection, and congenital infection can be diagnosed by
PCR analysis of serum.”*?¢ PCR also can be used to detect
parvovirus B19 DNA in bone marrow aspirates, cord blood
samples, amniotic fluid cells, and biopsy specimens of the pla-
centa and fetal tissues in cases of fetal hydrops. However, parvo-
virus DNA may be detectable in serum for months after acute
infection and for years in other tissues.”” Thus the diagnosis of
acute or chronic parvovirus infection may require both serology
and quantitative PCR.

Other Viruses

The recommended specimens and lab tests for other viruses are
listed in Table 287-2. For the majority of these viruses, testing
is performed in highly specialized research or reference
laboratories.

Congenital and Perinatal Viral Infections

The major viruses infecting fetuses and newborn infants include
CMYV, VZV, HSV, rubella, parvovirus B19, HBV, HCV, HEV, entero-
viruses, and HIV.?"® Negative maternal and neonatal serology for
any of these viruses generally excludes fetal infection.”® Detection
of virus (via culture, antigen detection, or NAAT) may be required
before a correct diagnosis can be made. Cord blood can yield
false-positive and false-negative results and should not be relied
upon for diagnosis.”'®

All references are available online at www.expertconsult.com % 1397
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Congenital CMV infection is best diagnosed by isolating CMV
from the urine of neonates within the first 3 weeks of life. Beyond
3 weeks of age, isolation of CMV from urine cannot distinguish
congenital from perinatal or postnatal infection. IgM anti-CMV in
a newborn is positive in only 50% to 70% of congenitally infected
neonates and the test can yield false-positive results.””

Congenital VZV infection can be diagnosed by serology. Perina-
tal or postnatal infection with VZV, as well as with HSV and entero-
viruses, usually can be diagnosed by conventional antigen detection
or culture techniques, although NAAT testing is preferred for
enteroviruses. Serologic diagnosis of neonatal HSV infections is
inappropriate because response may not be detectable for 2
or 3 weeks after infection.””® Demonstration of rubella IgM in a
neonate with features consistent with congenital rubella confirms
the diagnosis; virus isolation can require 3 to 4 weeks #2202

Parvovirus infection during pregnancy can be diagnosed in the
mother by serology; detection of IgM or rising IgG antibody level
is diagnostic, whereas a stable IgG titer reflects past infection. In
neonates, positive parvovirus B19 antibody at 8 to 12 months
suggests infection.”® Parvovirus B19 infection of a fetus with
hydrops can be confirmed using NAAT for viral DNA in fetal
blood, amniotic fluid cells, or both.?">**

CHLAMYDIA AND CHLAMYDOPHILA

Chlamydia trachomatis, Chlamydophila pneumoniae, and C. psittaci
cause disease in humans. Psittacosis, rare in children, is confirmed
serologically.

Chlamydia trachomatis
Specimen Collection and Transport

Because C. trachomatis is an intracellular pathogen, optimal speci-
mens for diagnosis are mucosal epithelial cells rather than puru-
lent material. Preferred specimen types vary for testing methods
and age groups tested. The following specimens are acceptable
for culture: in postpubertal women, a swab or Cytobrush
specimen collected from the cervical os; for prepubertal girls, a
vaginal swab; for adult males, a urethral swab inserted 3 to 4 cm
and rotated; and for boys, a swab of the urethral meatus (if
discharge is present).””? Infants with suspected chlamydial con-
junctivitis should have the purulent discharge removed, followed
by swabbing or scraping of the palpebral conjunctiva. The yield
of culture is related directly to the quality of the specimen and
the transport and storage conditions before testing.?****> Urine
specimens should not be used for culture because of poor
sensitivity.

For culture, Dacron-, cotton- or rayon-tip swabs on an alumi-
num or plastic shaft are recommended. Swabs with wooden shafts
and those with a calcium alginate tip may inhibit growth.”*® In
females, pooling of urethral and cervical swab specimens increases
culture sensitivity by approximately 20%.?** Swabs should be
placed immediately into chlamydial transport media (containing
sucrose phosphate or sucrose phosphate glutamate supplemented
with bovine serum and antimicrobial agents) at 2°C to 8°C and
transported to the laboratory within 24 hours. Some culture trans-
port media also are acceptable for use with NAAT. Freezing at
—70°C can result in a 20% loss of viability. Freezing at —20°C
should be avoided.

Collection of endocervical and urethral swab specimens for EIA,
DFA, hybridization tests or NAAT generally is similar to that for
culture and should follow the instructions of the manufacturer.
For EIA and DFA testing, swab specimens do not require refrigera-
tion. Swab specimens for NAAT are stable at room temperature
for up to 10 days. Urine, vaginal, rectal, NP, or female urethral
specimens should not be tested using EIA, DFA, and hybridization
tests due to poor sensitivity.?*’

Acceptable specimens for NAATs include endocervical, vaginal,
and urethral swabs as well as urine from adolescents and adults.”*

NAATs are not approved for use with specimens collected from
extragenital sites. NAAT for any specimen type from children
has not been approved. First-void urine (10 to 50 mL) collected
into a clean sterile container from men and women and self-
collected vulvovaginal swab specimens are acceptable for use with
NAATs.>?*7233 Urine specimens for NAAT are stable for up to 24
hours at room temperature, after which they may be refrigerated
for up to 4 days or stored at —20°C or lower for up to 2 months
before processing.

Laboratory Test Methods

Tests for C. trachomatis can be grouped into four broad categories:
serology, culture, direct detection, and molecular diagnosis.

Serologic tests for C. trachomatis genital tract infections are not
useful for diagnosis in individual patients.””* Antibodies to
C. trachomatis persist for life. In infants, detection of IgM anti-
C. trachomatis using the microimmunofluorescence (MIF) test is
the diagnostic test of choice for chlamydial pneumonia.’”
Maternal IgG antibodies can persist in infants for 6 to 9 months.
The MIF test is the most sensitive serologic test and is the
only one that detects species- and serovar-specific responses.”*
EIAs for the detection of IgM antibodies in infants have variable
performance compared with the MIF test.”* EIAs detect antibodies
to the genus-specific antigen, or lipopolysaccharide (LPS) of
chlamydial elementary or reticulate bodies and are not specific for
C. trachomatis. Interpretation of a single IgG antibody test result
is difficult because 50% to 70% of people can have antibodies to
C. pneumoniae.”***** CF tests have been used widely for the diag-
nosis of psittacosis and lymphogranuloma venereum, but have
no value in diagnosing genital tract or neonatal chlamydial
infections.

Cell culture has specificity approaching 100%; however it is rela-
tively insensitive compared with NAATSs, requires cell culture facili-
ties, and has slow turnaround time (3 to 7 days).”****° Barring
evaluation using other testing methods, the CDC continues to
recommend culture for urethral specimens from women and
asymptomatic men, NP specimens from infants, rectal specimens
from all patients, and vaginal specimens from prepubertal girls.”*
The shell vial culture method has improved the sensitivity and
shortened the detection time (48 to 72 hours) of C. trachomatis
inclusions.”¢

Diagnosis most often is accomplished by direct detection of anti-
gens (EIA or DFA assays) or nucleic acid (hybridization assays), or
by cytologic examination for the presence of intracellular inclu-
sions. EIAs use monoclonal or polyclonal antibodies to detect
chlamydial LPS and are suited for processing large numbers of
specimens; sensitivity generally is less than culture and NAATs.
A positive EIA usually requires validation by a second nonculture
method, especially in low-prevalence populations.””” Point-of-
care EIAs can provide a result in <30 minutes but their perform-
ance is poor and evidence regarding their impact on clinical
outcomes is lacking.*****® DFA assays using monoclonal antibod-
ies directed against the major outer-membrane protein (MOMP)
permit direct visualization of the cellular material obtained (as an
assessment of the quality of the specimen) and both elementary
bodies and intracellular inclusions can be detected within
30 minutes. However, DFA testing requires a skilled laboratory
microscopist, and large numbers of specimens cannot be
processed expediently.”*~*"' DFA has been used for conjunctival
and respiratory specimens from infants. Nucleic acid probes are
similar in sensitivity to other antigen detection methods and
are relatively specificc. However, DNA probe tests (without
previous amplification) require special transport media, thus pre-
cluding the use of another test on the same specimen to confirm
a positive result. DNA probe tests have a sensitivity for male
genital secretions inferior to that of other methods. Cytologic
examination of direct smears for the presence of intracellular
inclusions is useful for detection of chlamydial conjunctivitis in
neonates, but not for diagnosing conjunctivitis or genital infec-
tion in adolescents.””
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Three FDA-approved molecular diagnostic tests are available for
the simultaneous detection of C. trachomatis and Neisseria
gonorrhoeae based on PCR, TMA, and SDA.** All have excellent
sensitivity and specificity and can be performed in 2 to 5 hours.
However, they do not all perform equally well with all specimen
types.**> In 2006, a genetic variant of C. trachomatis was identified
in Sweden that was undetectable by PCR.*** Although remaining
localized, dissemination to other areas could render the
current PCR test useless, highlighting the potential vulnerability
of these tests to mutations within the target regions of the
organism.

Comparison of Methods

Culture previously was considered the gold standard because of
its 100% specificity and excellent sensitivity when optimal tech-
niques are used.””> However, for genital specimens, its sensitivity
is approximately 70% to 80% compared with NAATs, which have
become the preferred tests for diagnosis of genital tract infec-
tions.?*® For cervical swab specimens, EIA and DFA are less sensi-
tive than hybridization tests and NAATs, whereas NAATs provide
the best specificity and positive predictive value. Rapid EIA tests
have relatively poor sensitivity using urethral swabs from males
and cervical swabs from females and their accuracy for other speci-
men types has not been well evaluated.”®””* Testing of first-void
urine in men and women by any of the 3 NAATs has a median
specificity of >97% and excellent sensitivity resulting in a high
positive predictive value.

In infants with conjunctivitis or pneumonitis, testing of con-
junctival and NP specimens by culture, DFA, or EIA produces
acceptable results. In a study of children <13 years of age, SDA
and TMA had a sensitivity of 100% for urine specimens and 85%
for vaginal swabs.?** In the same study, the sensitivity of vaginal
swab cultures for C. trachomatis was only 39%. In cases of sus-
pected rape or sexual abuse, recent studies and guidelines support
the use of FDA-approved NAATs when culture is not available; a
positive result is confirmed using a different NAAT.??>*%

Chlamydophila pneumoniae

Accurate laboratory confirmation of acute infection with C. pneu-
moniae is difficult and is most often based on serology.”****” The
MIF test appears to be the most reliable serologic test, and the
following criteria for a positive test have been used: (1) >4-fold
rise in titer; (2) IgM titer >1:16; or (3) IgG titer >1:512. IgG titers
between 1:16 and 1:512 are considered evidence of previous, but
not necessarily recent, infection.”®> However, the limitations of the
MIF test are lack of standardization and availability of high-quality
reagents, and inability to distinguish past from persistent infec-
tion.”*® Comparison of ElAs (using species-specific assays) to MIF
have shown good sensitivity and specificity in children with res-
piratory tract diseases and control children.*** Because some EIAs
detect antibodies to LPS, these tests detect antibodies to all
Chlamydia species. Due to the poor sensitivity, CF tests should not
be used for diagnosis.?>?*°

Isolation of C. pneumoniae is difficult. The stability of C. pneu-
moniae in clinical specimens has not been well studied, although
one study reported that 70% of organisms remain viable after 24
hours at 4°C.>***! Throat swabs, sputum, NP, BAL, and other
respiratory tract specimens placed in transport media have been
used with variable success. Detection of the organism in respira-
tory secretions does not prove causality because asymptomatic
infections occur in children and persistent shedding can occur for
months after acute disease in adults.”*****> Additional problems of
culture include: small numbers of organisms present in respiratory
secretions, poor recovery unless special transport media and
optimal transport and storage conditions are used, and limited
availability.

Molecular diagnosis with noncommercial conventional and
real-time PCR tests has been evaluated.®*?** Sensitivities appear
to be as good as culture, but specificity is difficult to determine
given the lack of a gold standard for comparison.

MYCOPLASMA
Mycoplasma pneumoniae

Rapid and accurate diagnosis of M. pneumoniae infection is prob-
lematic due to the lack of well-standardized tests.**® Culture is the
most widely accepted method for testing respiratory tract secre-
tions, but availability is limited, specialized broth and agar
media are required, and yield is relatively low.?*” For optimal isola-
tion, specimens (BAL, tracheobronchial secretions, sputum, NP
aspirates/swabs, tissues, blood, CSE joint fluid) should be inocu-
lated into appropriate media (e.g., SP4) at the bedside. Most
media are acceptable for both isolation and PCR assay. Specimens
should be refrigerated if not processed within 24 hours. Because
M. pneumoniae is relatively slow-growing, cultures should be main-
tained for 4 weeks before being reported as negative. Shedding of
M. pneumoniae can persist for several weeks after the onset of
illness (particularly in children), confounding the interpretation
of a positive culture result.

Direct antigen testing (EIA, DFA, immunoblotting) for respira-
tory tract secretions such as sputum and NP aspirates perform
well in research settings (sensitivity of 90%), but are not available
widely.?®?* Cross-reactivity with other commensal mycoplasmas
can occur. Persistent shedding and detection of antigen in
asymptomatic individuals confound interpretation of positive
results. At present, these tests are not used routinely in the clinical
setting.

Conventional and real-time PCR tests for detection of M. pneu-
monide in respiratory secretions have been widely evaluated.”’~?%
PCR tests consistently are more sensitive than culture and antigen
detection. Despite relatively high sensitivity, most studies suggest
that PCR cannot be used alone to make a diagnosis of acute/
recent infection; results must be used in conjunction with other
results such as serology.”””?%*?** When performed on CSE PCR
can be useful for the diagnosis of M. pneumoniae-associated
meningoencephalitis.”®

CF assay using a chloroform-methanol glycolipid extract of
organisms is the best validated test and has often been used as the
reference method for serologic diagnosis. Measurement of IgG,
IgM, and IgA anti-M. pneumoniae can be performed with com-
mercially available EIA, FA, and latex agglutination kits, which are
more sensitive and specific than CF and have replaced CF in many
diagnostic laboratories.”**?**?%” Usefulness is limited by the fact
that many children can be IgM-negative at the time of presenta-
tion, and time to seroconversion can be 2 to 4 weeks.?®® In chil-
dren, adolescents, and young adults, a single positive IgM result
can be considered diagnostic, although false-positive test results
occur. The combination of serologic results together with culture
and/or PCR may provide the most reliable approach to the
diagnosis.?57262263

Cold agglutinin antibody titers are simple to perform and
widely available. Because only 50% to 75% of those infected with
M. pneumoniae develop cold agglutinin antibodies and the test
lacks sensitivity/specificity, it should not be used for the serologic
diagnosis of M. pneumoniae infections.”*”*”

Genital Mycoplasmas

The major means for laboratory diagnosis of U. urealyticum and
M. hominis infections is culture of the organism using specialized
broth and agar media. Organisms grow rapidly and cultures are
positive within 2 to 5 days. PCR (including multiplex assays) has
been used to detect U. wurealyticum and M. hominis in clinical
specimens.’”' %" M. genitalium grows slowly; cultures may not be
positive for 26 days. PCR-based assays are the mainstay for diag-
nosis,””"*’* but none is available commercially. Serologic tests for
genital mycoplasmas have not been standardized, and none is
available commercially. Serologic testing (using EIA, WB, IFA)
has little utility except as an epidemiologic tool.””> M. genitalium
cross-reacts strongly with M. pneumoniae. Patients with invasive
M. hominis infection almost always have seroconversion or a sig-
nificant rise in antibody titer.

All references are available online at www.expertconsult.com % 1399

287



Laboratory Diagnosis of Infection Due to Viruses, Chlamydia, Chlamydophila, and Mycoplasma 287

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Ramers C, Billman G, Hartin M, et al. Impact of a
diagnostic cerebrospinal fluid enterovirus polymerase

chain reaction test on patient management. JAMA
2000;283:2680-2685.

Adcock PM, Stout GG, Hauck MA, et al. Effect of rapid
diagnosis on the management of children hospitalized

with lower respiratory tract infection. Pediatr Infect Dis
1997;16:842-846.

Mattes FM, McLaughlin JE, Emeery VC, et al.
Histopathological detection of owl’s eye inclusions is

still specific for cytomegalovirus in the era of human
herpesviruses 6 and 7. J Clin Pathol 2000;53:612-614.

de Souza VA, Fernandes S, Araujo ES, et al. Use of an
immunoglobulin G avidity test to discriminate between
primary and secondary dengue virus infections. J Clin
Microbiol 2004;42:1782-1784.

Roque-Afonso AM, Grangeot-Keros L, Roquebert B, et al.
Diagnostic evaluation of immunoglobulin G avidity for
hepatitis A virus. ] Clin Microbiol 2004;42:5121-5124.
Miller JM, Krisher K, Holmes HT. General principles of
specimen collection and handling. In: Murray PR, Baron EJ,
Jorgensen JH, et al (eds) Manual of Clinical Microbiology,
9th ed. Washington, DC, ASM Press, 2007, pp 43-54.
Forman MS, Valsamakis A. Specimen collection, transport,
and processing: virology. In: Murray PR, Baron EJ, Jorgensen
JH, et al (eds) Manual of Clinical Microbiology, 9th ed.
Washington, DC, ASM Press, 2007, pp 1284-1296.

Dankner WM, McCutchan JA, Richman DD, et al.
Localization of human cytomegalovirus in peripheral

blood leukocytes by in situ hybridization. J Infect Dis
1990;161:31-306.

Prather SL, Dagan R, Jenista JA, et al. The isolation of
enteroviruses from blood: a comparison of four processing
methods. ] Med Virol 1984;14:221-227.

Bayliss GJ, Jesson WJ, Mortimer PP, et al. Cultivation of
human immunodeficiency virus from whole blood: effect of
anticoagulant and inoculum size on virus growth. ] Med Virol
1990;31:161-164.

Vaheri A, Cantell K. The effect of heparin on herpes simplex
virus. Virology 1963;21:661-662.

Beutler E, Gelbert T, Kuhl W. Interference of heparin with the
polymerase chain reaction. Biotechniques 1990;9:166.

Lam NYL, Rainer TH, Chiu RWK, et al. EDTA is a better
anticoagulant than heparin or citrate for delayed blood
processing for plasma DNA analysis. Clin Chem
2004;50:256-257.

Djordjevic V, Stankovic M, Nikolic A, et al. PCR amplification
on whole blood samples treated with different commonly
used anticoagulants. Pediatr Hematol Oncol 2006;23:
517-521.

Crist GA, Langer J]M, Woods GL, et al. Evaluation of the ELVIS
plate method for the detection and typing of herpes simplex
virus in clinical specimens. Diagn Microbiol Infect Dis
2004;49:173-177.

Huang YT, Ym P, Yan H, et al. Engineered BGMK cells for
sensitive and rapid detection of enteroviruses. J Clin
Microbiol 2002;40:366-371.

Dunn JJ, Woolstenhulme RD, Langer J, et al. Sensitivity of
respiratory virus culture when screening with R-mix fresh
cells. J Clin Microbiol 2004;42:79-82.

Drew WL. Laboratory diagnosis of cytomegalovirus infection
and disease in immunocompromised patients. Curr Opin
Infect Dis 2007;20:408-411.

Hazelton PR, Gelderblom HR. Electron microscopy for rapid
diagnosis of infectious agents in emergent situations. Emerg
Infect Dis 2003;9:294-303.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Boivin G, Mazzulli T, Petric M, et al. Diagnosis of viral
infections. In: Richman DD, Whitley RJ, Hayden FG (eds)
Clinical Virology, 3rd ed. Washington, DC, ASM Press, 2009,
PP 265-294.

Bernstein DI. Rotavirus overview. Pediatr Infect Dis |
2009;28:S50-S53.

Wilhelmi I, Roman E, Sanchez-Fauquier A. Viruses

causing gastroenteritis. Clin Microbiol Infect 2003;9:
247-262.

Musher DM, Musher BL. Contagious acute gastrointestinal
infections. N Engl ] Med 2004;351:2417-2427.

Gentile M, Gelderblom HR. Rapid viral diagnosis: role of
electron microscopy. New Microbiol 2005;28:1-12.
Schramlova J, Arientova S, Hulinska D. The role of electron
microscopy in the rapid diagnosis of viral infections: review.
Folia Microbiol (Praha) 2010;55:288-101.

Naber SP. Molecular pathology in diagnosis of infectious
disease. N Engl ] Med 1994;331:1212-1215.

Lorincz AT. Molecular methods for the detection of human
papillomavirus infection. Obstet Gynecol Clin North Am
1996;23:707-730.

Hammer SM, Eron JJ Jr, Reiss P, et al. Antiretroviral treatment
of adult HIV infection: 2008 recommendations of the
International AIDS Society — USA Panel. JAMA 2008;300:
555-570.

Fung JC, Shanley J, Tilton RC. Comparison of the detection
of herpes simplex virus in direct clinical specimens with
herpes simplex virus-specific DNA probes and monoclonal
antibodies. J Clin Microbiol 1985;22:748-753.

Gleaves CA, Hursh DA, Rice DH, et al. Detection of
cytomegalovirus from clinical specimens in centrifugation
culture by in situ DNA hybridization and monoclonal
antibody staining. J Clin Microbiol 1989;27:21-23.
Valentine-Thon E, Steinmann J, Arnold W. Evaluation of

the commercially available HepProbe kit for detection

of hepatitis B virus DNA in serum. J Clin Microbiol
1990;28:39-42.

Gross JB, Persin DH. Hepatitis C: advances in diagnosis.
Mayo Clin Proc 1995;70:296-297.

Ratcliff RM, Chang G, Kok T, et al. Molecular diagnosis of
medical viruses. Curr Issues Mol Biol 2007;9:87-102.

Vernet G. Molecular diagnostics in virology. J Clin Virol
2004;31:239-247.

Niesters HGM. Molecular and diagnostic clinical virology in
real time. Clin Microbiol Infect 2004;10:5-11.

Weidmann M, Wilson W], Czajka J, et al. Ligase chain
reaction (LCR): overview and applications. PCR Methods
Appl 1994;3:551-564.

Monis PT, Giglio S. Nucleic acid amplification-based
techniques for pathogen detection and identification. Infect
Genet Evol 2006;6:2-12.

Gill P, Ghaemi A. Nucleic acid isothermal amplification
technologies: a review. Nucleosides Nucleotides Nucleic Acids
2008;27:224-243.

Markoulatos P, Georgopoulou A, Kotsovassili C, et al.
Detection and typing of HSV-1, HSV-2, and VZV by a
multiplex polymerase chain reaction. J Clin Lab Anal
2000;14:214-219.

Quereda C, Corral I, Laguna E et al. Diagnostic utility of a
multiplex PCR assay performed with cerebrospinal fluid from
human immunodeficiency virus-infected patients with
neurological disorders. J Clin Microbiol 2000;38:3061-3067.
van Maarseveen NM, Wessels E, de Brouwer CS, et al.
Diagnosis of viral gastroenteritis by simultaneous detection of
Adenovirus group F Astrovirus, Rotavirus group A, Norovirus
genogroups I and II, and Sapovirus in two internally
controlled multiplex real-time PCR assays. J Clin Virol
2010;49:205-2010.



PART IV Laboratory Diagnosis and Therapy of Infectious Diseases
SECTION A The Clinician and the Laboratory

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Le BM, Presti R. The current state of viral diagnostics for
respiratory infections. Mol Med 2009;106:283-286.

Espy MJ, Uhl JR, Sloan LM, et al. Real-time PCR in clinical
microbiology: applications for routine laboratory testing.
Clin Microbiol Rev 2006;19:165-256.

Erdman DD. Immunoglobulin M determinations. In: Specter
SC, Hidinka RL, Young SA (eds) Clinical Virology Manual,
3rd ed. Washington, DC, ASM Press, 2000, pp 146-153.
Nielsen CM, Hansen K, Andersen HMK, et al. An enzyme
labeled nuclear antigen immunoassay for detection of
cytomegalovirus IgM antibodies in human serum: specific
and nonspecific reaction. ] Med Virol 1987;7:111-113.
Champsaur H, Fattal-German M, Arranhado R. Sensitivity
and specificity of viral immunoglobulin M determination
by indirect enzyme-linked immunosorbent assay. J Clin
Microbiol 1988;26:328-332.

Kuhn JE, Dunkler G, Munk K, et al. Analysis of the IgM and
IgG antibody response against herpes simplex virus type 1
(HSV-1) structural and nonstructural proteins. ] Med Virol
1987;25:135-150.

Evans AS, Niederman JC, Cenabre LC, et al. A prospective
evaluation of heterophile and Epstein-Barr virus-specific
IgM antibody tests in clinical and subclinical infectious
mononucleosis: specificity and sensitivity of the tests and
persistence of antibody. J Infect Dis 1975;132:546-554.
Frickhofen N, Abkowitz JL, Safford M, et al. Persistent B19
parvovirus infection in patients infected with human
immunodeficiency virus type-1 (HIV-1): a treatable cause of
anemia in AIDS. Ann Intern Med 1990;113:926-933.
Wiedbrauk DL, Chuang HYK. Managing IgM serologies:
getting the IgG out. Lab Manag 1988;26:24-27.

Rawlins ML, Swenson EM, Hill HR, et al. Evaluation of an
enzyme immunoassay for detection of immunoglobulin M
antibodies to West Nile virus and the importance of
background subtraction in detecting nonspecific reactivity.
Clin Vaccine Immunol 2007;14:665-668.

Andiman WA. Organism-specific antibody indices, the
cerebrospinal fluid-immunoglobulin index and other tools: a
clinician’s guide to the etiologic diagnosis of central nervous
system infection. Pediatr Infect Dis J 1991;10:490-495.

Lima DP, Diniz DG, Moimaz SA, et al. Saliva: reflection of
the body. Int J Infect Dis 2010;14:e184-e188.

Johnston LG. Comparison of human rhabdomyosarcoma,
Hep-2, and human foreskin fibroblast cells for the isolation
of herpes simplex virus from clinical specimens. Diagn
Microbiol Infect Dis 1991;14:373-375.

Corey L, Spear PG. Infections with herpes simplex viruses.
N Engl ] Med 1986;314:686-691, 749-757.

Salmon VC, Stanberry LR, Overall JC Jr. More rapid isolation
of herpes simplex virus in a continuous line of mink lung
cells than in Vero or human fibroblast cells. Diagn Microbiol
Infect Dis 1984;2:317-324.

Seal LA, Toyama PS, Fleet KM, et al. Comparison of standard
culture methods, a shell vial assay, and a DNA probe for the
detection of herpes simplex virus. ] Clin Microbiol 1991;29:
650-652.

Brinker JP, Herrman JE. Comparison of three monoclonal
antibody-based enzyme immunoassays for detection of
herpes simplex virus in clinical specimens. Eur ] Clin
Microbiol Infect Dis 1995;14:314-317.

Landry ML, Ferguson D, Wlochowski J. Detection of herpes
simplex virus in clinical specimens by cytospin-enhanced
direct immunofluorescence. J Clin Microbiol 1997;35:
302-304.

Verano L, Michalski FJ. Comparison of a direct antigen
enzyme immunoassay, Herpcheck, with cell culture for
detection of herpes simplex virus from clinical specimens.

J Clin Microbiol 1995;33:1378-1379.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Tyler KL. Herpes simplex virus infections of the central
nervous system: encephalitis and meningitis, including
Mollaret’s. Herpes 2004;11(Suppl 2):57A-64A.

Tebas P, Nease R, Storch GA. Use of polymerase chain
reaction in the diagnosis of herpes simplex encephalitis:

a decision analysis model. Am J Med 1998;105:287-295.
Puchhammer-Stockl E, Heinz FX, Kundi M, et al. Evaluation
of the polymerase chain reaction for diagnosis of herpes
simplex virus encephalitis. ] Clin Microbiol 1993;31:146-148.
Troendle-Atkins J, Demmler GJ, Buffone GJ. Rapid diagnosis
of herpes simplex virus encephalitis by using the polymerase
chain reaction. J Pediatr 1993;123:376-380.

Espy MJ, Ross TK, Teo R, et al. Evaluation of lightcycler PCR
for implementation of laboratory diagnosis of herpes simplex
virus infections. ] Clin Microbiol 2000;38:3116-3118.
Domingues RB, Lakeman FD, Mayo MS, et al. Application of
competitive PCR to cerebrospinal fluid samples from patients
with herpes simplex encephalitis. ] Clin Microbiol 1998;36:
2229-2234.

Revello MG, Baldanti F Sarasini A, et al. Quantitation of
herpes simplex virus DNA in cerebrospinal fluid of patients
with herpes simplex encephalitis by the polymerase chain
reaction. Clin Diagn Virol 1997;7;183-191.

Mertz G. Herpes simplex virus. In: Galasso GJ, Whitley RJ,
Merigan TC (eds) Antiviral Agents and Viral Diseases of Man,
3rd ed. New York, Raven, 1990, pp 265-300.

Martins TB, Woolstenhulme RD, Jaskowski TD, et al.
Comparison of four enzyme immunoassays with a Western
blot assay for the determination of type-specific antibodies to
herpes simplex virus. Am J Clin Pathol 2001;15:272-277.
Fleming DT, McQuillan GM, Johnson RE, et al. Herpes
simplex virus type 2 in the United States, 1976 to 1994.

N Engl ] Med 1997;337:1105-1111.

Guerry SL, Bauer HM, Klausner JD, et al. Recommendations
for the selective use of herpes simplex virus type 2 serological
tests. Clin Infect Dis 2005;40:38-45.

NCCLS. Antiviral susceptibility testing: herpes simplex virus
by plaque reduction assay; approved standard. NCCLS
document M33-A. PA, NCCLS, 2004.

Morfin E Thouvenot D. Herpes simplex virus resistance to
antiviral drugs. J Clin Virol 2003;26:29-37.

Levin MJ, Bacon TH, Leary JJ. Resistance of herpes simplex
virus infections to nucleoside analogues in HIV-infected
patients. Clin Infect Dis 2004;39(Suppl 5):S248-S257.
Frobert E, Thouvenot D, Lina B, et al. Genotyping diagnosis
of acyclovir resistant herpes simplex virus. Pathol Biol (Paris)
2007;55:504-511.

West PG, Hartwig RA, Baker WW. Comparison of sensitivities
of three commercial MRC-5 cell lines grown in shell vials to
cytomegalovirus and responses to enhancing agents. J Clin
Microbiol 1992;30:557-560.

Goossens V], Block MJ, Christiaans MH, et al. Early detection
of cytomegalovirus in renal transplant recipients: comparison
of PCR, NASBA, pp65 antigenemia, and viral culture.
Transplant Proc 2000;32:155-158.

Pang XL, Chui L, Fenton J, et al. Comparison of lightcycler-
based PCR, COBAS amplicor CMV monitor, and pp65
antigenemia assays for quantitative measurement of
cytomegalovirus viral load in peripheral blood specimens
from patients after solid organ transplantation. J Clin
Microbiol 2003;41:3167-3173.

Sanghavi SK, Abu-Elmagd K, Keightley MC, et al. Relationship
of cytomegalovirus load assessed by real-time PCR to pp65
antigenemia in organ transplant recipients. J Clin Virol
2008;42:335-342.

Lazzarotto T, Guerra B, Lanari M, et al. New advances in the
diagnosis of congenital cytomegalovirus infection. J Clin Virol
2008;41:192-197.



81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Laboratory Diagnosis of Infection Due to Viruses, Chlamydia, Chlamydophila, and Mycoplasma 287

Yinon Y, Farine D, Yudin MH, et al. Cytomegalovirus
infection in pregnancy. ] Obstet Gynecol Can 2010;240:
348-354.

Rabella N, Drew WL. Comparison of conventional and shell
vial cultures for detecting cytomegalovirus infection. J Clin
Microbiol 1990;28:806-807.

Lipson SM, Ashraf AB, Lee S, et al. Cell culture-PCR technique
for detection of infectious cytomegalovirus in peripheral
blood. J Clin Microbiol 1995;33:1411-1413.

Crawford SW, Bowden RA, Hackman RC, et al. Rapid
detection of cytomegalovirus pulmonary infection by
bronchoalveolar lavage and centrifugation culture.

Ann Intern Med 1988;108:180-185.

Slavin MA, Gleaves CA, Schoch HG, et al. Quantification of
cytomegalovirus in bronchoalveolar lavage fluid after
allogeneic bone marrow transplantation by centrifugation
culture. J Clin Microbiol 1992;30:2776-2779.

Meyers JD, Reed EC, Shepp DH, et al. Acyclovir for
prevention of cytomegalovirus infection and disease after
allogeneic marrow transplantation. N Engl ] Med 1988;318:
70-75.

Jacobsen MA, Mills J. Serious cytomegalovirus disease in the
acquired immunodeficiency syndrome (AIDS). Ann Intern
Med 1988;108:585-594.

Boeckh M, Boivin G. Quantitation of cytomegalovirus:
methodologic aspects and clinical applications. Clin
Microbiol Rev 1998;11:533-554.

Hodinka RL. The clinical utility of viral quantitation

using molecular methods. Clin Diagn Virol 1998;10:

25-47.

Mazzulli T, Drew LW, Yen-Lieberman B, et al. Multicenter
comparison of the Digene Hybrid Capture CMV DNA assay
(version 2.0), the pp65 antigenemia assay and cell culture for
detection of cytomegalovirus viremia. J Clin Microbiol
1999;37:958-963.

Dodt KK, Jacobsen PH, Hofmann B, et al. Development of
cytomegalovirus (CMV) disease can be predicted in HIV-
infected patients by CMV polymerase chain reaction and the
antigenemia test. AIDS 1997;11:21F-28E

Spector SA, Wong R, Hiza K, et al. Plasma cytomegalovirus
(CMV) DNA load predicts CMV disease and survival in AIDS
patients. J Clin Invest 1998;101:497-502.

Sia A, Wilson JA, Groettum CM, et al. Cytomegalovirus
(CMV) DNA load predicts relapsing CMV infection

after solid organ transplantation. J Infect Dis 2000;181:
717-720.

Humar A, Gregson D, Caliendo A, et al. Clinical utility of
quantitative cytomegalovirus viral load determination for
predicting cytomegalovirus disease in liver transplant
recipients. Transplantation 1999;68:1305-1311.

Landry ML, Ferguson D, Cohen S, et al. Effect of delayed
specimen processing on cytomegalovirus antigenemia test
results. ] Clin Microbiol 1995;33:257-259.

Horwitz CA, Henle W, Henle G, et al. Heterophile-negative
infectious mononucleosis and mononucleosis-like illnesses:
laboratory confirmation of 43 cases. Am ] Med 1977;63:
647-657.

Balcarek KB, Bagley R, Cloud GA, et al. Cytomegalovirus
infection among employees of a children’s hospital. JAMA
1990;263:840-844.

Pamphilon DH, Rider JR, Barbara JAJ, et al. Prevention of
transfusion-transmitted cytomegalovirus infection. Transfus
Med 1999;9:115-123.

Revello MG, Genini E, Gorini G, et al. Comparative
evaluation of eight commercial human cytomegalovirus IgG
avidity assays. J Clin Virol 2010;48:255-259

Drew WL. Cytomegalovirus resistance testing: pitfalls and
problems for the clinician. Clin Infect Dis 2010;50:733-736.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Linde A, Falk KI. Epstein-Barr virus. In: Murray PR,

Baron EJ, Jorgensen JH, et al (eds) Manual of Clinical
Microbiology, 9th ed. Washington, DC, ASM Press, 2007.

pp 1564-1573.

Bruu AL, Hjetland R, Holter E, et al. Evaluation of 12
commercial tests for detection of Epstein-Barr virus-specific
and heterophile antibodies. Clin Diagn Lab Immunol
2000;7:451-450.

Sumaya CV, Ench Y. Epstein-Barr virus infectious
mononucleosis in children. II: Heterophile antibody and
viral-specific responses. Pediatrics 1985;75:1011-1019.
Luzuriaga K, Sullivan JL. Infectious monoculeosis. N Engl ]
Med 2010;362:1993-2000.

Miller G, Katz BZ, Niederman JC. Some recent developments
in the molecular epidemiology of Epstein-Barr virus
infections. Yale J Biol Med 1987;60:307-316.

Arribas JR, Clifford DB, Fichtenbaum CJ, et al. Detection of
Epstein-Barr virus DNA in cerebrospinal fluid for diagnosis
of AIDS-related central nervous system lymphoma. J Clin
Microbiol 1995;33:1580-1583.

Weinstock DM, Ambrossi GG, Brennan C, et al. Preemptive
diagnosis and treatment of Epstein-Barr virus-associated post
transplant lymphoproliferative disorder after hematopoietic
stem cell transplant: an approach in development. Bone
Marrow Transplant 2006;37:539-546.

Cohen JI. Epstein-Barr virus infection. N Engl ] Med
2000;343:481-492.

Espy MJ, Teo R, Ross TK, et al. Diagnosis of varicella-zoster
infections in the clinical laboratory by lightcycler PCR. J Clin
Microbiol 2000;38:3187-3189.

Bezold GD, Lange ME, Gall H, et al. Detection of cutaneous
varicella zoster virus infections by immunofluorescence versus
PCR. Eur J Dermatol 2001;11:108-111.

de Jong MD, Weel JE Schuurman T, et al. Quantitation of
varicella-zoster virus DNA in whole blood, plasma, and
serum by PCR and electrochemiluminescence. J Clin
Microbiol 2000;38:2568-2573.

Coffin SE, Hodinka RL. Utility of direct immunofluorescence
and virus culture for detection of varicella-zoster virus in skin
lesions. J Clin Microbiol 1995;33:2792-2795.

Dahl HA, Marcoccia J, Linde A. Antigen detection: the
method of choice in comparison with virus isolation and
serology for laboratory diagnosis of herpes zoster in human
immunodeficiency virus-infected patients. J Clin Microbiol
1997;35:347-349.

Weinberg A, Clark JC, Schneider SA, et al. Improved detection
of varicella zoster infection with a spin amplification shell
vial technique and blind passage. Clin Diagn Virol
1996;5:61-65.

Gilden DH, Kleinschmidt-DeMasters BK, LaGuardin JJ, et al.
Neurologic complications of the reactivation of varicella-
zoster virus. N Engl ] Med 2000;342:635-645.

Saiman L, LaRussa P, Steinberg SP, et al. Persistence of
immunity to varicella-zoster virus after vaccination of
healthcare workers. Infect Control Hosp Epidemiol
2001;22:279-283.

Breuer J, Schmid DS, Gershon AA. Use and limitations of
varicella-zoster virus-specific serological testing to evaluate
breakthrough disease in vaccinees and to screen for
susceptibility to varicella. J Infect Dis 2008;197(Suppl 2):
S$147-S151.

Oladepo DK, Klapper PE, Percival D, et al. Serologic
diagnosis of varicella-zoster virus in sera with antibody
capture enzyme-linked immunosorbent assay of IgM. J Virol
Methods 2000;84:169-173.

Steinberg S, Gershon A. Measurement of antibodies to
varicella-zoster virus by using a latex agglutination test. ] Clin
Microbiol 1991;29:1527-1529.




PART IV Laboratory Diagnosis and Therapy of Infectious Diseases
SECTION A The Clinician and the Laboratory

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Junker AK, Angus E, Thomas E. Recurrent varicella-zoster
virus infection in apparently immunocompetent children.
Pediatr Infect Dis ] 1991;10:569-575.

Pellett PE, Tipples G. Human herpesviruses 6, 7, and 8. In:
Murray PR, Baron EJ, Jorgensen JH, et al (eds) Manual of
Clinical Microbiology, 9th ed. Washington, DC, ASM Press,
2007, pp 1574-1588.

Ward KN. The natural history and laboratory diagnosis of
human herpsviruses-6 and -7 infections in the
immunocompetent. ] Clin Virol 2005;32:183-193.

Chiu SS, Cheung CY, Tse CYC, et al. Early diagnosis of
primary human herpesvirus 6 infection in childhood:
serology, polymerase chain reaction, and virus load. J Infect
Dis 1998;178:1250-1256.

Suga S, Yoshikawa T, Asano Y, et al. IgM neutralizing
antibody response to human herpesvirus-6 in patients with
exanthem subitum or organ transplantation. Microbiol
Immunol 1992;36:495-506.

Prukasananonda P, Hall CB, Insel RA, et al. Primary human
herpesvirus 6 infection in young children. N Engl ] Med
1992;326:1445-1450.

Hall CB, Long CE, Schnabel KC, et al. Human herpesvirus 6
infection in children. N Engl ] Med 1994;331:432-438.

de Pagter PJ, Schuurman R, Visscher H, et al. Human herpes
virus 6 plasma DNA positivity after hematopoietic stem cell
transplantation in children: an important risk factor for
clinical outcome. Biol Blood Marrow Transplant
2008;14:831-839.

Razonable RR. Infections due to human herpesvirus 6 in
solid organ transplant recipients. Curr Opin Organ Transplant
2010 Sep 24 [Epub ahead of print].

Norton RA, Caserta MT, Hall CB, et al. Detection of human
herpesvirus 6 by reverse transcription-PCR. ] Clin Microbiol
1999;37:3672-3675.

Seccherio P, Carrigan DR, Asano Y, et al. Detection of human
herpesvirus 6 in plasma of children with primary infection
and immunosuppressed patients by polymerase chain
reaction. J Infect Dis 1995;171:273-280.

Black JB, Pellett PE. Human herpesvirus 7. Rev Med Virol
1999;9:245-262.

Tanaka K, Kondo T, Torigoe S, et al. Human herpesvirus 7:
another causal agent for roseola (exanthem subitum).

] Pediatr 1994;125:1-5.

Clark DA, Kidd IM, Collingham KE, et al. Diagnosis of
primary human herpesvirus 6 and 7 infections in febrile
infants by polymerase chain reaction. Arch Dis Child
1997;77:42-45.

Kidd IM, Clark DA, Bremner JA, et al. A multiplex PCR assay
for the simultaneous detection of human herpesvirus 6 and
human herpesvirus 7, with typing of HHV-6 by enzyme
cleavage of PCR products. J Virol Methods 1998;70:29-36.
Deback C, Agbalika E Scieux C, et al. Detection of human
herpesviruses HHV-6, HHV-7 and HHV-8 in whole blood by
real-time PCR using the new CMV, HHV-6, 7, 8 R-gene kit.

J Virol Methods 2008;149:285-291.

Schatz O, Monini P, Bugarini R, et al. Kaposi's sarcoma-
associated herpesvirus serology in Europe and Uganda:
multicentre study with multiple and novel assays. ] Med Virol
2001;65:123-132.

Navarro-Mari JM, Sanbonmatsu-Gamez S, Perez-Ruiz M, et al.
Rapid detection of respiratory viruses by shell vial assay using
simultaneous culture of HEp-2, LLCMK2, and MDCK cells in
a single vial. J Clin Microbiol 1999;37:2346-2347.
Henrickson KJ, Hall CB. Diagnostic assays for respiratory
syncytial virus disease. Pediatr Infect Dis ] 2007;26
(Suppl):S36-S40.

Liao RS, Tomalty LL, Majury A, et al. Comparison of viral
isolation and multiplex real-time reverse transcription-PCR

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

for confirmation of respiratory syncytial virus and influenza
virus detection by antigen immunoassays. ] Clin Microbiol
2009;47:527-532.

Borek AP, Clemens SH, Gaskins VK. Respiratory syncytial
virus detection by Remel Xpect, Binax Now RSV, direct
immunofluorescent staining, and tissue culture. J Clin
Microbiol 2006;44:1105-1107.

Principi N, Esposito S. Antigen-based assays for the
identification of influenza virus and respiratory syncytial
virus: why and how to use them in pediatric practice.

Clin Lab Med 2009;29:649-660.

Landry ML, Ferguson D. SimulFluor respiratory screen for
rapid detection of multiple respiratory viruses in clinical
specimens by immunofluorescence staining. J Clin Microbiol
2000;38:708-711.

Falsey AR, McCann RM, Hall WJ, et al. Evaluation of four
methods for the diagnosis of respiratory syncytial virus
infections in older adults. ] Am Geriatr Soc 1996;44:71-73.
Falsey AR. Respiratory syncytial virus infection in adults.
Semin Respir Crit Care Med 2007;28:171-181.

Mazzulli T, Peret TCT, McGeer A, et al. Molecular
characterization of a nosocomial outbreak of human
respiratory syncytial virus on an adult leukemia/lymphoma
ward. J Infect Dis 1999;180:1686-1689.

Legoff J, Kara R, Moulin E et al. Evaluation of the one-step
multiplex real-time reverse transcription-PCR ProFlu-1 assay
for detection of influenza A and influenza B viruses and
respiratory syncytial viruses in children. J Clin Microbiol
2008;46:789-791.

Weinberg A, Mettenbrink CJ, Ye D, et al. Sensitivity of
diagnostic tests for influenza varies with the circulating
strains. J Clin Virol 2005;33:172-175.

Advisory Committee on Immunization Practices (ACIP).
Prevention and control of influenza: recommendations of the
Advisory Committee on Immunization Practices (ACIP).
MMWR Recomm Rep 2005;5(RR-8)4:1-40.

Smit M, Beynon KA, Murdoch DR, et al. Comparison of the
NOW Influenza A & B, NOW Flu A, NOW Flu B, and
Directigen Flu A+B assays, and immunofluorescence with
viral culture for the detection of influenza A and B viruses.
Diagn Microbiol Infect Dis 2007;57:67-70.

Anonymous. Evaluation of rapid influenza diagnostic tests for
detection of novel influenza A (H1N1) virus — United States,
2009. MMWR Morb Mortal Wkly Rep 2009;58:826-829.
Uyeki TM. Influenza diagnosis and treatment in children: a
review of studies on clinically useful tests and antiviral
treatment for influenza. Pediatr Infect Dis ] 2003;22:164-177.
Covalciuc KA, Webb KH, Carlson CA. Comparison of four
clinical specimen types for detection of influenza A and B
viruses by optical immunoassay (FLU OIA test) and cell
culture methods. J Clin Microbiol 1999;37:3971-3974.
Noyola DE, Clark B, O'Donnell FT, et al. Comparison of a
new neuraminidase detection assay with an enzyme
immunoassay, immunofluorescence, and culture for rapid
detection of influenza A and B viruses in nasal wash
specimens. J Clin Microbiol 2000;38:1161-1165.

Landry ML, Cohen §, Ferguson D. Impact of sample type on
rapid detection of influenza virus A by Cytospin-enhanced
immunofluorescence and membrane enzyme-linked
immunosorbent assay. ] Clin Microbiol 2000;38:429-430.
Kaiser L, Briones MS, Hayden FG. Performance of virus
isolation and Direct Flu A to detect influenza A virus in
experimental human infection. J Clin Virol 1999;14:191-197.
Templeton KE, Scheltinga SA, Beersma ME et al. Rapid and
sensitive method using multiplex real-time PCR for diagnosis
of infections by influenza A and influenza B viruses,
respiratory syncytial virus, and parainfluenza viruses 1, 2, 3,
and 4. J Clin Microbiol 2004;42:1564-1569.



157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

Laboratory Diagnosis of Infection Due to Viruses, Chlamydia, Chlamydophila, and Mycoplasma 287

Bennett S, Gunson RN, Maclean A, et al. The validation of a
real-time RT-PCR assay which detects influenza A and types
simultaneously for influenza A HIN1 (2009) and oseltamivir-
resistant (H275Y) influenza A HIN1 (2009). J Virol Methods
2011;171:86-60.

Létant SE, Ortiz JI, Bentley Tammero LE et al. Multiplexed
reverse transcriptase PCR assay for identification of viral
respiratory pathogens at the point of care. J Clin Microbiol
2007;45:3498-3505.

Kehl SC, Kumar S. Utilization of nucleic acid amplification
assays for the detection of respiratory viruses. Clin Lab Med
2009;29:661-671.

Mahony JB. Detection of respiratory viruses by molecular
methods. Clin Microbiol Rev 2008;21:716-747.

Landry ML, Ferguson D. SimulFluor respiratory screen for
rapid detection of multiple respiratory viruses in clinical
specimens by immunofluorescence staining. J Clin Microbiol
2000;38:708-711.

Brundage SC, Fitzpatrick AN. Hepatitis A. Am Fam Physician
2006;73:2162-2168.

Kao JH. Diagnosis of hepatitis B virus infection through
serological and virological markers. Expert Rev Gastroenterol
Hepatol. 2008;2:553-562.

Banatvala JE, Van Damme P. Hepatitis B vaccine - do we
need boosters? ] Viral Hepat 2003;10:1-6.

Ghany MG, Strader DB, Thomas DL, et al. Diagnosis,
management and treatment of hepatitis C: an update.
Hepatology 2009;49:1335-1374.

Alborino F Burighel A, Tiller FW, et al. Multicenter evaluation
of a fully automated third-generation anti-HCV antibody
screening test with excellent sensitivity and specificity. Med
Microbiol Immunol 2011;200:77-83.

Sherman M, Shafran S, Burak K, et al. Management of
chronic hepatitis B: consensus guidelines. Can ] Gastroenterol
2007;21:5C-24C.

Sherman M, Shafran S, Burak K, et al. Management of
chronic hepatitis C: consensus guidelines. Can ] Gastroenterol
2007;21:25C-34C.

Zoulim E New nucleic acid diagnostic tests in viral hepatitis.
Semin Liver Dis 2006;26:309-317.

Horvat RT, Tegtmeier GE. Hepatitis B and D viruses. In:
Murray PR, Baron EJ, Jorgensen JH, et al (eds) Manual of
Clinical Microbiology, 9th ed. Washington, DC, ASM Press,
2007, pp 1641-1659.

Mushahwar IK. Hepatitis E virus: molecular virology, clinical
features, diagnosis, transmission, epidemiology, and
prevention. ] Med Virol 2008;80:646-658.

Drobeniuc J, Meng ], Reuter G, et al. Serologic assays specific
to immunoglobulin M antibodies against hepatitis E virus:
pangenotypic evaluation of performances. Clin Infect Dis
2010;51:e24-e27.

Raboni SM, Nogueira MB, Hakim VM, et al. Comparison of
latex agglutination with enzyme immunoassay for detection
of rotavirus in fecal specimens. Am J Clin Pathol
2002;117:392-394.

Logan C, O'Leary JJ, O’Sullivan N. Real-time reverse
transcription-PCR for detection of rotavirus and adenovirus
as causative agents of acute viral gastroenteritis in children.

J Clin Microbiol 2006;44:3189-3195.

Rotbart H, Romero JR. Laboratory diagnosis of enteroviral
infections. In: Rotbart HA (ed) Human Enterovirus Infections.
Washington, DC, ASM Press, 1995, pp 401-418.

Pillet S, Billaud G, Omar S, et al. Multicenter evaluation of
the ENTEROVIRUS R-gene real-time RT-PCR assay for the
detection of enteroviruses in clinical specimens. J Clin Virol
2010;47:54-59.

Andréoletti L, Lévéque N, Boulagnon C, et al. Viral causes of
human myocarditis. Arch Cardiovasc Dis 2009;102:559-568.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

Rotbart HA, Ahmed A, Hickey S, et al. Diagnosis of
enterovirus infection by polymerase chain reaction of
multiple specimen types. Pediatr Infect Dis ] 1997;16:
409-411.

Bellini WJ, Icenogle JP. Measles and rubella virus. In: Murray
PR, Baron EJ, Jorgensen JH, et al (eds) Manual of Clinical
Microbiology, 9th ed. Washington, DC, ASM Press, 2007,
pp 1378-1391.

Leland DS. Parainfluenza and mumps viruses. In: Murray PR,
Baron EJ, Jorgensen JH, et al (eds) Manual of Clinical
Microbiology, 9th ed. Washington, DC, ASM Press, 2007,
pp 1352-1360.

Hummel KB, Lowe L, Bellini WJ, et al. Development of
quantitative gene-specific real-time RT-PCR assays for the
detection of measles virus in clinical specimens. J Virol
Methods 2006;132:166-173.

Cooray S, Warrener L, Jin L. Improved RT-PCR for diagnosis
and epidemiological surveillance of rubella. J Clin Virol
2006;35:73-80.

Dhiman N, Jespersen DJ, Rollins LO, et al. Detection of
IgG-class antibodies to measles, mumps, rubella, and
varicella-zoster virus using a multiplex bead immunoassay.
Diagn Microbiol Infect Dis 2010;67:346-349.

Benito RJ, Larrad L, Lasierra MP, et al. Persistence of specific
IgM antibodies after natural mumps infection. J Infect Dis
1987;155:156-157.

Morgan-Capner P, Tedder RS, Mace JE. Rubella specific IgM
reactivity in sera from cases of infectious mononucleosis.

J Hyg Camb 1983;90:407-413.

Kurtz JB, Anderson M]J. Cross-reactions in rubella and
parvovirus specific IgM tests. Lancet 1985;2:1356.

Bellin E, Safyer S, Braslow C. False positive IgM-rubella
enzyme-linked immunoassay in three first trimester
pregnant patients. Pediatr Infect Dis ] 1990;9:

671-672.

Hollinger FB, Bremer JW, Myers LE, et al. Standardization of
sensitive human immunodeficiency virus coculture
procedures and establishment of a multicenter quality
assurance program for the AIDS Clinical Trials Group.

The NIH/NIAID/DAIDS/ACTG Virology Laboratories.

J Clin Microbiol 1992;30:1787-1794.

Read JS. Diagnosis of HIV-1 infection in children younger
than 18 months in the United States. Pediatrics 2007;120:
e1547-e1562.

Dewar R, Goldstein D, Maldarelli E. Diagnosis of human
immunodeficiency virus infection. In: Mandell GL, Bennett
JE, Dolin R (eds) Principles and Practice of Infectious
Diseases, 7th ed. Philadelphia, PA, Churchill Livingstone,
2010, pp 1663-1686.

Rich JD, Merriman NA, Mylonakis E, et al. Misdiagnosis of
HIV infection by HIV-1 plasma viral load testing: a case
series. Ann Intern Med 1999;130:37-39.

Wittek M, Stiirmer M, Doerr HW, et al. Molecular assays for
monitoring HIV infection and antiretroviral therapy. Expert
Rev Mol Diagn 2007;7:237-246.

Hirsch MS, Gunthard HE Schapiro JM, et al. Antiretroviral
drug resistance testing in adult HIV-1 infection: 2008
recommendations of the International AIDS Society —

USA Panel. Clin Infect Dis 2008;47:266-285.

Gurtler LG, Zekeng L, Simon E et al. Reactivity of five
anti-HIV-1 subtype 0 specimens with six different anti-HIV
screening ELISAs and three immunoblots. ] Virol Methods
1995;51:177-183.

McAlpine L, Gandhi J, Parry IV, et al. Thirteen current
anti-HIV-1/HIV-2 enzyme immunoassays: how accurate are
they? ] Med Virol 1994;42:115-118.

Rutherford GW, Schwarcz SK, McFarland W. Surveillance for
incident HIV infection: new technology and new




PART IV Laboratory Diagnosis and Therapy of Infectious Diseases
SECTION A The Clinician and the Laboratory

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

opportunities. Acquir Immune Defic Syndr 2000;25

(Suppl 2):5115-S119.

Association of State and Territorial Public Health Laboratory
Directors and AIDS Program, Centers for Disease Control.
Interpretation and use of the Western blot assay for
serodiagnosis of human immunodeficiency virus type 1
infections. MMWR Morb Mortal Wkly Rep 1989;38(SS-7):
1-7.

Jackson JB, MacDonald KL, Cadwell ], et al. Absence of HIV
infection in blood donors with indeterminate Western blot
tests for antibody to HIV-1. N Engl ] Med 1990;322:217-222.
Busch MP, Kleinman SH, Williams AE, et al. Frequency of
human immunodeficiency virus (HIV) infection among
contemporary anti-HIV-1/2 supplemental test-indeterminate
blood donors. The Retrovirus Epidemiology Donor Study.
Transfusion 1996;36:37-44.

Greenwald JL, Burstein GR, Pincus J, et al. A rapid review of
rapid HIV antibody tests. Curr Infect Dis Rep 2006;8:
125-131.

Bylund DJ, Ziegner UH, Hooper DG. Review of testing for
human immunodeficiency virus. Clin Lab Med 1992;12:
305-333.

Borkowsky W, Krasinski K, Pollack H, et al. Early diagnosis of
human immunodeficiency virus infection in children less
than 6 months of age: comparison of polymerase chain
reaction, culture, and plasma antigen capture techniques.

J Infect Dis 1992;166:616-619.

Lambert JS, Harris DR, Stiehm ER, et al. Performance
characteristics of HIV-1 culture and HIV-1 DNA and RNA
amplification assays for early diagnosis of perinatal HIV-1
infection. J Acquir Immune Defic Syndr 2003;34:512-519.
Kline MW, Lewis DE, Hollinger FB, et al. A comparative study
of human immunodeficiency virus culture, polymerase chain
reaction and anti-human immunodeficiency virus
immunoglobulin A antibody detection in the diagnosis
during early infancy of vertically acquired human
immunodeficiency virus infection. Pediatr Infect Dis ]
1994;13:90-94.

Kline MW, Hollinger FB, Rosenblatt HM, et al. Sensitivity,
specificity and predictive value of physical examination,
culture and other laboratory studies in the diagnosis during
early infancy of vertically acquired human immunodeficiency
virus infection. Pediatr Infect Dis J 1993;12:33-36.

Miles SA, Balden E, Magpantay L, et al. Rapid serologic
testing with immunecomplex-dissociated HIV p24 antigen for
early detection of HIV infection in neonates. N Engl ] Med
1993;328:297-302.

Landesman S, Weiblen B, Mendez H, et al. Clinical utility of
HIV-IgA immunoblot assay in the early diagnosis of perinatal
HIV infection. JAMA 1991;266:3443-3446.

Quinn TC, Kline RL, Halsey N, et al. Early diagnosis of
perinatal HIV infection by detection of viral-specific IgA
antibodies. JAMA 1991;266:3439-3442.

Horsburgh CR Jr, Jason J, Longini IM Jr, et al. Duration of
human immunodeficiency virus infection before detection of
antibody. Lancet 1989;2:637-640.

Lanciotti RS, Tsai TE. Arboviruses. In: Murray PR, Baron EJ,
Jorgensen JH, et al (eds) Manual of Clinical Microbiology,
9th ed. Washington, DC, ASM Press, 2007, pp 1486-1500.
Lanciotti R. Molecular amplification assays for the detection
of flaviviruses. Adv Virus Res 2003;61:67-99.

Kuno G. Serodiagnosis of flaviviral infections and
vaccinations in humans. Adv Virus Res 2003;61:3-65.
Solomon T, Ooi MH, Beasley DW, et al. West Nile
encephalitis. BMJ 2003;326:865-869.

Corcoran A, Doyle S. Advances in the biology, diagnosis and
host-pathogen interactions of parvovirus B19. ] Med
Microbiol 2004;53:459-475.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

Enders M, Weidner A, Rosenthal T, et al. Improved diagnosis
of gestational parvovirus B19 infection at the time of
nonimmune fetal hydrops. J Infect Dis 2008;197:58-62.

de Jong EP, de Haan TR, Kroes AC, et al. Parvovirus B19
infection in pregnancy. J Clin Virol 2006;36:1-7.

Norja P, Hokynar K, Aaltonen LM, et al. Bioportfolio: lifelong
persistence of variant and prototypic erythrovirus DNA
genomes in human tissue. Proc Natl Acad Sci USA
2006;103:7450-7453.

Ford-Jones EL. An approach to diagnosis of congenital
infections. Paediatr Child Health 1999;4:1-4.

Coll O, Benoist G, Ville Y, et al. Guidelines on CMV
congenital infection. J Perinat Med 2009;37:433-445.

Best JM. Laboratory diagnosis of intrauterine and perinatal
virus infections. Clin Diagn Virol 1996;5:121-129.
Mendelson E, Aboudy Y, Smetana Z, et al. Laboratory
assessment and diagnosis of congenital viral infections:
rubella, cytomegalovirus (CMV), varicella-zoster virus (VZV),
herpes simplex virus (HSV), parvovirus B19 and human
immunodeficiency virus (HIV). Reprod Toxicol 2006;21:
350-382.

Centers for Disease Control and Prevention. Sexually
transmitted diseases treatment guidelines, 2006. MMWR
Recommend Rep 2006;55(RR-11):1-100.

Black CM. Current methods of laboratory diagnosis of
Chlamydia trachomatis infections. Clin Microbiol Rev
1997;10:160-184.

Kellogg JA, Seiple JW, Kinedinst JL, et al. Impact of
endocervical specimen quality on apparent prevalence of
Chlamydia trachomatis infections diagnosed using an
enzyme-linked immunosorbent assay method. Arch Pathol
Lab Med 1991;115:1123-1127.

Howard C, Friedman DL, Leete JK, et al. Correlation of the
percent of positive Chlamydia trachomatis direct fluorescent
antibody detection tests with the adequacy of specimen
collection. Diagn Microbiol Infect Dis 1991;14:233-237.
Essig A. Chlamydia and Chlamydophila. In: Murray PR, Baron
EJ, Jorgensen JH, et al (eds) Manual of Clinical Microbiology,
9th ed. Washington, DC, ASM Press, 2007, pp 1021-1035.
Johnson RE, Newhall WJ, Papp JR, et al. Screening tests to
detect Chlamydia trachomatis and Neisseria gonorrhoeae
infection - 2002. MMWR Recomm Rep 2002;51(RR-15):1-38.
Chernesky MA, Martin DH, Hook EW, et al. Ability of new
APTIMA CT and APTIMA GC assays to detect Chlamydia
trachomatis and Neisseria gonorrhoeae in male urine and
urethral swabs. J Clin Microbiol 2005;43:127-131.

Shafer MA, Moncada J, Boyer CB, et al. Comparing first-void
urine specimens, self-collected vaginal swabs, and
endocervical specimens to detect Chlamydia trachomatis and
Neisseria gonorrhoeae by a nucleic acid amplification test.

J Clin Microbiol 2003;41:4395-4399.

Garland SM, Tabrizi SN. Diagnosis of sexually transmitted
infections (STI) using self-collected non-invasive specimens.
Sex Health 2004;1:121-126.

Cook RL, Hutchison SL, Ostergaard L, et al. Systematic
review: noninvasive testing for Chlamydia trachomatis and
Neisseria gonorrhoeae. Ann Intern Med 2005;7:914-925.

Fang J, Husman C, DeSilva L, et al. Evaluation of self-
collected vaginal swab, first void urine, and endocervical swab
specimens for the detection of Chlamydia trachomatis and
Neisseria gonorrhoeae in adolescent females. ] Pediatr Adolesc
Gynecol 2008;21:355-360.

Hobbs MM, van der Pol B, Totten P, et al. From the NIH:
proceedings of a workshop on the importance of self-
obtained vaginal specimens for detection of sexually
transmitted infections. Sex Transm Dis 2008;35:8-13.

Cook PJ, Honeybourne D. Chlamydia pneumoniae.

] Antimicrob Chemother 1994;34:859-873.



235.

236.

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

Laboratory Diagnosis of Infection Due to Viruses, Chlamydia, Chlamydophila, and Mycoplasma

Dowell SE, Peeling RW, Boman J, et al. Standardizing
Chlamydia pneumoniae assays: recommendations from the
Centers for Disease Control and Prevention (USA) and the
Laboratory Centre for Disease Control (Canada). Clin Infect
Dis 2001;33:492-503.

Chernesky MA, Jang D, Sellors J, et al. Detection of Chlamydia
trachomatis antigens in male urethral swabs and urines with a
microplate enzyme immunoassay. Sex Transm Dis 1995;22:
55-59.

Hislop J, Quayyum Z, Flett G, et al. Systematic review of the
clinical effectiveness and cost-effectiveness of rapid point-of-
care tests for the detection of genital Chlamydia infection in
women and men. Health Technol Assess 2010;14:1-97.

van Dommelen L, van Tiel FH, Ouburg S, et al. Alarmingly
poor performance in Chlamydia trachomatis point-of-care
testing. Sex Transm Infect 2010;86:355-359.

LeBar W, Schubiner H, Jemal C, et al. Comparison of the
Kallested pathfinder EIA, cytocentrifuged direct fluorescent
antibody, and cell culture for the detection of Chlamydia
trachomatis. Diagn Microbiol Infect Dis 1991;14:17-20.

Iwen PC, Blair TM, Woods GL. Comparison of the Gen-Probe
PACE 2 system, direct fluorescent-antibody, and cell culture
for detecting Chlamydia trachomatis in cervical specimens.
Am J Clin Pathol 1991;95:578-582.

Gaydos C, Roblin P, Hammerschlag MR, et al. Diagnostic
utility of PCR-enzyme immunoassay, culture, and serology for
detection of Chlamydia pneumoniae in symptomatic and
asymptomatic patients. ] Clin Microbiol 1994;32:903-905.
Schachter J, Hook EW, Martin DH, et al. Confirming positive
results of nucleic acid amplification tests (NAATs) for
Chlamydia trachomatis: all NAATs are not created equal.

J Clin Microbiol 2005;43:1372-1373.

Herrmann B. A new genetic variant of Chlamydia trachomatis.
Sex Transm Infect 2007;83;253-254.

Black MC, Zolotor AJ, Makoroff KL, et al. Multicenter study
of nucleic acid amplification tests for detection of Chlamydia
trachomatis and Neisseria gonorrhoeae in children being
evaluated for sexual abuse. Pediatr Infect Dis J 2009;28:
608-613.

Hammerschlag MR, Guillen CD. Medical and legal
implications of testing for sexually transmitted infections in
children. Clin Microbiol Rev 2010;23:493-506.

Burillo A, Bouza E. Chlamydophila pneumoniae. Infect Dis Clin
North Am 2010;24:61-71.

Kumar S, Hammerschlag MR. Acute respiratory infection due
to Chlamydia pneumoniae: current status of diagnostic
methods. Clin Infect Dis 2007;44:568-576.

Villegas E, Sorlozano A, Gutierrez J. Serological diagnosis of
Chlamydia pneumoniae infection: limitations and perspectives.
] Med Microbiol 2010;59:1267-1274.

Hermann D, Gueinzius K, Oehme A, et al. Comparison of
quantitative and semiquantitative enzyme-linked
immunosorbent assays for immunoglobulin G against
Chlamydophila pneumoniae to microimmunofluorescence test
for use with patients with respiratory tract infections. J Clin
Microbial 2004;42:2476-2479.

Verkooyen RP, Willemse D, Hiep-van Casteren SCAM, et al.
Evaluation of PCR, culture, and serology for diagnosis of
Chlamydia pneumoniae respiratory infections. J Clin Microbiol
1998;36:2301-2307.

Maass M, Dalhoff K. Transport and storage conditions for
cultural recovery of Chlamydia pneumoniae. ] Clin Microbiol
1995;33:1793-1796.

Hogan RJ, Mathews SA, Mukhopadhyay S, et al. Chlamydial
persistence: beyond the biphasic paradigm. Infect Immun
2004;72:1843-1855.

Hyman CL, Roblin PM, Gaydos CA, et al. Prevalence of
asymptomatic nasopharyngeal carriage of Chlamydia

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

287

pneumoniae in subjectively healthy adults: assessment by
polymerase chain reaction-enzyme immunoassay and culture.
Clin infect Dis 1995;20:1174-1178.

Boman J, Gaydos CA, Quinn TC. Molecular diagnosis of
Chlamydia pneumoniae infection. J Clin Microbiol
1999;37:2791-2799.

Apfalter P, Barousch W, Nehr M, et al. Comparison of a new
quantitative ompA-based real-time PCR TagMan assay for
detection of Chlamydia pneumoniae DNA in respiratory
specimens with four conventional PCR assays. J Clin
microbial 2003;41:592-600.

Loens K, Goossens H, Ieven M. Acute respiratory infection
due to Mycoplasma pneumoniae: current status of diagnostic
methods. Eur J Clin Microbiol Infect Dis 2010;29:1055-1069.
Kashyap B, Kumar S, Sethi GR, et al. Comparison of PCR,
culture & serological tests for the diagnosis of Mycoplasma
pneumoniae in community-acquired lower respiratory tract
infections in children. Indian ] Med Res 2008;128:134-139.
Daxboeck E Krause R, Wenisch C. Laboratory diagnosis of
Mycoplasma pneumoniae infection. Clin Microbiol Infect Dis
2003;9:263-273.

Loens K, Beck T, Ursi D, et al. Evaluation of different nucleic
acid amplification techniques for the detection of M.
pneumoniae, C. pneumoniae and Legionella spp. in respiratory
specimens from patients with community-acquired
pneumonia. ] Microbiol Methods 2008;73;257-262.

Van Kuppeveld FJ, Johansson KE, Galoma JM, et al. 16S RNA
based polymerase chain reaction compared with culture and
serologic methods for diagnosis of Mycoplasma pneumoniae
infection. Eur J Clin Microbiol Infect 1994;13:401-405.
Ramirez JA, Ahkee S, Tolentino A, et al. Diagnosis of
Legionella pneumophila, Mycoplasma pneumoniae or Chlamydia
pneumoniae lower respiratory infection using the polymerase
chain reaction on a single throat swab specimen. Diagn
Microbiol Infect Dis 1996;24:7-14.

Hardegger D, Nadal D, Bossart W, et al. Rapid detection of
Mycoplasma pneumoniae in clinical samples by real-time PCR.
] Microbiol Methods 2000;41:45-51.

Thurman KA, Walter ND, Schwartz SB, et al. Comparison of
laboratory diagnostic procedures for detection of Mycoplasma
pneumoniae in community outbreaks. Clin Infect Dis
2009;48:1244-1249.

Martinez MA, Ruiz M, Zunino E, et al. Detection of
Mycoplasma pneumoniae in adult community-acquired
pneumonia by PCR and serology. ] Med Microbiol
2008;57:1491-1495.

Narita M, Itakura O, Matsuzono Y, et al. Analysis of
mycoplasmal central nervous system involvement by
polymerase chain reaction. Pediatr Infect Dis J
1995;14:236-237.

Blasi E Tarsia P, Aliberti S, et al. Chlamydia pneumoniae and
Mycoplasma pneumoniae. Semin Respir Crit Care Med
2005;26:617-624.

Beersma MFC, Dirven K, van Dam AP, et al. Evaluation of
12 commercial tests and the complement fixation test for
Mycoplasma pneumoniae-specific immunoglobulin G (IgG) and
IgM antibodies, with PCR used as the “Gold Standard.” J Clin
Microbiol 2005;43:2277-2285.

Youn YS, Lee KY, Hwang JY, et al. Difference of clinical
features in childhood Mycoplasma pneumoniae pneumonia.
BMC Pediatr 2010;10:48-54.

Sanchez-Vargas FM, Gomez Duarte OG. Mycoplasma
pneumoniae — an emerging extra-pulmonary pathogen. Clin
Microbiol Infect 2008;14:105-115.

Cunha GA. The clinical diagnosis of Mycoplasma pneumoniae:
the diagnostic importance of highly elevated serum cold
agglutinins. Eur J Clin Microbiol Infect Dis
2008;27:1017-1019.




PART IV Laboratory Diagnosis and Therapy of Infectious Diseases

SECTION A

The Clinician and the Laboratory

271.

272.

273.

Maeda S, Deguchi T, Ishiko H, et al. Detection of Mycoplasma
genitalium, Mycoplasma hominis, Ureaplasma parvum (biovarl),
Ureaplasma urealyticum (biovar 2) in patients with non-
gonococcal urethritis using polymerase chain reaction-
microtiter plate hybridization. Int J Urol 2004;11:750-754.
Stellrecht KA, Woron AM, Mishrik NG, et al. Comparison of
multiplex PCR assay with culture for detection of genital
mycoplasmas. J Clin Microbiol. 2004;42:1528-1533.

Luki N, Lebel P, Boucher M, et al. Comparison of polymerase
chain reaction assay with culture for detection of genital

274.

275.

mycoplasmas in perinatal infections. Eur J Clin Microbiol
Infect Dis 1998;17:255-263

Jensen ]S, Bjornelius E, Dohn B, et al. Use of TagMan 5’
nuclease real-time PCR for quantitative detection of
Mycoplasma genitalium DNA in males with and without
urethritis who were attendees at a sexually transmitted disease
clinic. J Clin Microbiol 2004;42:683-692.

Waites KB, Katz B, Schelonka RL. Mycoplasmas and
ureaplasmas as neonatal pathogens. Clin Microbiol Rev
2005;18:757-789.



