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Introduction
Encephalitis is an inflammation of

the brain most frequently caused by
viral infection. Clinical manifestations

include headache, fever, seizures, stiff
neck, and altered sensorium. The clini-
cal presentation, the patient’s history,
and neuroimaging study results, espe-
cially magnetic resonance imaging
(MRI), may provide clues to establish
the viral etiology and may help to iden-
tify the agent. Herpes simplex virus

(HSV) is a common cause of encephali-
tis, and acyclovir provides an effective
therapy if initiated early. Because of the
safety of this therapy, it is often admin-
istered presumptively. 

In immunocompromised patients,
such as those with AIDS, viruses that
are uncommon causes of central nerv-
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Previously reported studies of as-
sessment of the flagging system of au-
tomated hematology analyzers,
including the Coulter STKS,11-20 do ad-
dress, as does this study, the need for
further improvement in the reliability of
the automated flagging system from the
standpoint of clinical utility and cost-
effectiveness. Our observations suggest
that the reliability and consequently the
cost-effectiveness of the automated
flagging system of the Coulter Gen•S
could be specifically improved by en-
hancing the sensitivity and PVA of all
flags, the specificity of the INE1 flag,
and the PVN of the INE1 and INE2
flags. It is hoped that this article will
encourage readers and the manufactur-
ers of other automated hematology ana-
lyzers to conduct similar studies.

Conclusion
With efficiency of greater than or

equal to 93%, PVN > 95%, and speci-
ficity > 96% for all flags but the 2 left-
shift flags (INE1 and INE2), the
Coulter Gen•S automated flagging sys-
tem is less than ideal but acceptable.
The sensitivity of 10% to 86% and PVA
of 16% to 85% for all flags, however,
leave room for improvement toward
increasing overall clinical reliability
and cost-effectiveness.
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ous system (CNS) infections in immuno-
competent patients (eg, cytomegalovirus
[CMV], varicella-zoster virus [VZV],
polyomavirus JC) must also be consid-
ered.

Laboratory Diagnosis
Commonly used diagnostic tests

include measurement of antibodies in
cerebrospinal fluid (CSF) and serum,
culture and identification of the
causative agent, and CSF polymerase
chain reaction (PCR) [F1]. 

CSF Examination
CSF cytology and chemistry stud-

ies are used in the initial evaluation of a

patient believed to have encephalitis.
Although the results are nonspecific,
they may direct the clinician toward the
etiologic agent. CSF pleocytosis (>5
cells/µL) occurs in most patients with
viral encephalitis unless the patient is
immunocompromised. Atypical lym-
phocytes in the CSF may be seen in
patients with Epstein-Barr virus (EBV)
infection, or less commonly with cy-
tomegalovirus or HSV infection. HSV
encephalitis is suspected in patients
with a high CSF RBC count (>500/µL),
but this finding is often not present. A
low glucose level is suggestive of en-
cephalitis of a nonviral cause, although
exceptions occur in patients with east-

ern equine encephalitis, lymphocytic
choriomeningitis virus (LCMV),
mumps, or HSV encephalitis. Elevated
CSF protein levels are found in most
patients with viral encephalitis.

Detection of Specific Antibodies
Detection of specific antiviral anti-

bodies in serum has limitations because
the presence of antibodies may be the
result of a previous infection. An
increase of the titer of specific antibod-
ies against a virus is a more specific
indicator of the involvement by this
particular virus. However, CNS infec-
tions may lead to reactivation of a pre-
viously acquired and latent virus with
rising antibody titers but with little clin-
ical significance. Sometimes, detection
of specific antibodies in CSF may be a
better approach. Here, specific antibod-
ies are quantitated in CSF and serum
specimens. An increased level in the
CSF compared with the level in serum
is suggestive of intrathecal antibody
synthesis (antibody production within
the CNS). The amount of albumin pres-
ent in the CSF and serum is also meas-
ured to provide information about the
function of the blood-brain barrier, a
disturbance of which may lead to anti-
body leakage to the CSF. Total globulin
is also compared in the CSF and serum,
and a ratio similar to that of albumin is
suggestive of a specific infection rather
than polyclonal antibody stimulation.

PCR on CSF
The PCR can be used to amplify

nucleic acid sequences from viruses or
other pathogenic agents that might be
present in CSF. It is hypothesized that
the presence of viral nucleic acid in the
CSF is more significant than presence
in brain tissue, where it may represent
latent infection with no clinical
relevance. Detection of amplified prod-
ucts can be achieved by size separation
on agarose gels or by Southern blot
techniques. Alternatively, fluorescence
resonance energy transfer techniques
can be used to detect amplification in a
real-time fashion using fluorescently
labeled probes in addition to the ampli-
fication primers. Overall, PCR is a

�your lab focus�

[F1] Laboratory testing approaches to the patient with suspected viral encephalitis.

D
ow

nloaded from
 https://academ

ic.oup.com
/labm

ed/article/32/6/317/2657173 by guest on 24 M
ay 2023



laboratorymedicine> june 2001> number 6> volume 32

319

©

rapid and simple test that appears to be
very promising for the detection of
some viral agents. Several variations of
the basic method exist, including multi-
plex PCR with several sequence-spe-
cific primer pairs in a way that allows
simultaneous detection of several target eti-
ologic agents. Another variation involves
the conversion of viral RNA to DNA by
reverse transcriptase to allow the detection
of RNA viruses. 

The inherent high sensitivity of
PCR requires strict laboratory practices
to avoid specimen cross-contamination
as well as back-contamination with pre-
viously amplified products. The US
patent on PCR has limited the number
of commercially available PCR assays
for the detection of viral agents, making
it difficult for most hospital laboratories
to use this technology.

CSF Viral Culture
CSF viral culture is based on the in

vitro replication of the causative virus
on monolayers of living cells. Viral
replication may be detected in several
ways, including the microscopic obser-
vation of viral cytopathic effect. Identi-
fication can be achieved by
immunofluorescence analysis. Disad-
vantages of this method include long
incubation times and variable sensitiv-
ity. The sensitivity of culture for Her-
pesviridae is generally poor, but is
better for coxsackievirus, echovirus,
and the mumps virus. 

Brain Biopsy
Brain biopsy has been the gold stan-

dard for identifying many of the viruses
that cause encephalitis. Viral identifica-
tion may be made by electron
microscopy, immunohistochemistry, and
viral culture. Disadvantages of this ap-
proach include difficulty of performance,
risk of complications for the patient, and
false-positive results due to the presence
of agents in brain tissue in a latent form
with no immediate clinical significance.
Because specific therapy exists only for
encephalitis caused by some members of
the herpesvirus family (HSV, VZV, and
CMV), and PCR on CSF seems to be a
sensitive and specific test for these

viruses, risk-benefit considerations ren-
der the performance of brain biopsy un-
necessary in most cases. This approach
may be considered only if the clinical
course is progressive despite supportive
and antiviral treatment, and the CSF
chemistry, cytology, PCR, and serology,
as well as electroencephalogram and
MRI findings, are not suggestive of viral
encephalitis. 

Etiologic Agents and
Associated Tests  
Herpes Simplex Virus

An article on the laboratory diagnosis
of HSV encephalitis was published in Lab-
oratory Medicine last year.1 The presence
of encephalitis with focal neurologic find-
ings in a previously healthy individual
should suggest the possibility of HSV en-
cephalitis. CSF viral cultures are rarely
positive for HSV in this disease except in
the newborn patient. Overall, CSF PCR
appears to have very favorable performance
characteristics with estimated sensitivity of
96% and specificity of 99%. Despite the
high sensitivity of the assay, the PCR can
sometimes be falsely negative in early
stages of the disease. Therefore, if the clini-
cal symptoms are suggestive of HSV en-
cephalitis, acyclovir therapy should be
continued, and PCR should be repeated 24
to 48 hours later. 

Most HSV PCR assays use primers
corresponding to conserved HSV se-
quences, and therefore both type 1 and type
2 are amplified. Subsequently, restriction
analysis or differential hybridization of the
PCR product can be used to type the virus.
Other methods, such as brain biopsy with
viral culture and immunofluorescence or
CSF antibody detection, are rarely used.

Varicella-Zoster Virus
Exposure to VZV is common, typi-

cally resulting in a primary infection in
childhood with a characteristic rash (vari-
cella). CNS involvement is rare and in-
cludes varicella encephalitis and
varicella-related cerebellar ataxia. These
syndromes usually occur from shortly
before until several weeks after the onset
of rash. Diagnosis is typically made
solely on the temporal association with
varicella.2,3 The value of CSF PCR in

establishing or ruling out the diagnosis of
varicella-related CNS encephalitis is un-
determined.4,5

Zoster, a dermatome-localized rash,
typically occurs later in life as a result of
reactivation of VZV. Decreased immune
function may play a role in the development
of this condition. CNS involvement is more
frequent and often more serious than in
varicella. Rarely, when zoster is not identi-
fied in the history of the patient with VZV
encephalitis, the patient is assumed to have
had an episode of VZV reactivation without
the typical cutaneous manifestations (zoster
sine herpete). In either case, VZV can
sometimes be cultured from CSF, indicating
that the immune response is insufficient.
The value of PCR is promising and is under
evaluation. It may be particularly useful in
those patients with zoster sine herpete.6

Conversely, in patients with a recent history
of zoster presenting with encephalitis, VZV
is highly suspected, but confirmation by
PCR is problematic because VZV DNA can
sometimes be detected by PCR in the CSF
of patients with uncomplicated zoster.7

Epstein-Barr Virus
EBV is the cause of most cases of

infectious mononucleosis. In addition, the
virus can cause a wide range of neurologic
syndromes, including encephalitis. In pa-
tients with AIDS presenting with primary
CNS lymphoma, EBV is almost always
the etiologic agent. In immunocompetent
individuals, CNS complications of EBV
infection typically occur during or shortly
after an episode of infectious mononucleo-
sis. It is important to note, however, that
like other herpesviruses, EBV can cause
CNS complications without clinically evi-
dent primary infection.

Culturing of EBV is not attempted by
most laboratories because of difficulties
and low yield. Detection of antibodies in
the CSF and plasma is a poor predictor of
CNS infection. Serologic studies may be
useful to establish the diagnosis of EBV
infection in cases without concurrent in-
fectious mononucleosis. At that point,
EBV PCR may be performed to demon-
strate viral DNA in the CSF, which is sug-
gestive of CNS involvement.8 This result,
however, should be interpreted with cau-
tion as one study has reported that EBV
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DNA may sometimes also be detected in
the CSF of individuals with infectious
mononucleosis without neurologic compli-
cations.9 For EBV-related primary CNS
lymphoma in patients with AIDS, CSF
PCR is a useful test with high positive pre-
dictive value.10,11 False-positive results are
rare in this setting. A negative result makes
further workup necessary.

Cytomegalovirus
CMV encephalitis is very rare in

immunocompetent patients but is an im-
portant cause of encephalitis in patients
with AIDS. AIDS-related CMV
encephalitis is characterized by rapidly
deteriorating cognition, cranial nerve
palsies, and plasma electrolyte abnormal-
ities. The CSF glucose, protein, and
leukocyte counts may be normal or ab-
normal. CSF PCR is much more sensi-
tive for demonstrating CMV infection
than are culture or viral antigen detec-
tion. Quantitative PCR for the determina-
tion of viral load is helpful for assessing
the clinical significance of the infection
and has been used to monitor therapy.12-

14 Detection of a specific viral messenger
RNA, the CMV pp67 late gene
transcript, in CSF has been proposed as
an alternative test.15 The utility of this
approach is under evaluation.

Arthropod-Borne Viruses
Arboviruses are transferred to hu-

mans by mosquito or tick vectors from
bird, horse, or small mammal reservoirs.
Human infections typically occur in late
summer as an “overflow” from animal
reservoirs. The etiologic agents are
diverse [T1]. The incubation period varies
depending on the agent, but the clinical
symptoms are similar, typically including
fever, malaise, headache, seizures, and
mental status changes. Often, characteris-
tic electroencephalographic changes are
found. Unfortunately, specific therapy is
not available for any of these infections.
Diagnosis and preferably virus identifica-
tion, however, are important for prognos-
tic and public health purposes. 

The best diagnostic test at this time
for arboviral encephalitis is IgM serology.
Other approaches such as detection of
seroconversion or a rise of IgG antibodies

are accurate indicators of infection, but
the use of these techniques results in de-
layed diagnosis. IgM serologic assess-
ment is most commonly performed by
indirect immunofluorescence or by en-
zyme immunoassay. Viral antibodies are
detected in the CSF only during and
shortly after the episode of encephalitis,
but they persist in the serum for several
months. Both CSF and serum should be
tested. A positive test on CSF is diagnos-
tic, while a negative CSF but a positive
serum test result is presumptive evidence
of current infection. Cross-reaction can
occur among the various arboviruses due
to similar antigen structures. 

Viral isolation may be attempted in
laboratories with experience in handling
these agents safely, although cultures are
often negative when patients seek care. Se-
quencing parts of the viral genome provides
the most reliable identification. Reverse
transcriptase (RT)-PCR may have a poten-
tial role in the diagnosis of arboviruses, but
available performance data are limited.
An important exception to this diagnos-
tic approach is Colorado tick fever. In
this infection, the virus is present in
RBCs and can be detected by culture,
immunofluorescence, and RT-PCR from
whole blood. 

A recent development in arbovirus
epidemiology is the emergence of the
West Nile virus (WNV) in temperate
regions of Europe and North America.
Consequences of human infection in-
clude fatal encephalitis. The virus
causes fatal disease in horses and cer-
tain domestic and wild birds. Since its
isolation in 1937, the virus has been
recognized as a cause of outbreaks in
the Middle East, Africa, Asia, Oceania,
and southern Europe. Since the 1999
New York City outbreak, reports of new
WNV encephalitis cases continue to
appear, suggesting that the virus has
become established in North America.
Like other arboviruses, WNV enceph-
alitis is best diagnosed by IgM
serologic testing on CSF and serum.
The use of RT-PCR for diagnosis is
currently being evaluated. RT-PCR can
be followed by sequence analysis to
provide definitive identification of the
agent.16,17 Immunologic methods have

low specificity because of cross-reactiv-
ity among related arboviruses.

Although there is no commercially
available vaccine for humans against ar-
boviral diseases occurring in the United
States, vaccines are available for horses
against eastern equine encephalitis, west-
ern equine encephalitis, and Venezuelan
equine encephalitis. For humans, a
Japanese encephalitis vaccine is available
in the United States for individuals trav-
eling to endemic areas. A tick-borne en-
cephalitis vaccine is available in Europe.

Mumps Virus 
The mumps virus is the causative agent

of epidemic parotitis, which is a typical
manifestation of the primary infection in
children. Mumps encephalitis was common
before widespread vaccination, but few
cases have been reported in recent years.
Encephalitis occurs simultaneously with the
parotitis. Another CNS complication is de-
myelination, which occurs several days
after the parotitis. Both forms of CNS in-
volvement present as nonfatal encephalitis. 

Findings in CSF such as mildly ele-
vated protein and mononuclear pleocyto-
sis are frequent but nonspecific. The
serum amylase level is typically
elevated, but this test is not informative
regarding CNS involvement. CSF viral
culture is the test of choice. The virus
can also be cultured from saliva and
urine. It should be noted that the hemad-
sorption technique must be used for de-
tection of viral replication, because the
mumps virus rarely causes cytopathic
effect in cell cultures. If the laboratory
has little recent experience with mumps
cultures, antibody detection tests may be
used. An enzyme-linked immunosorbent
assay (ELISA) is widely available for
the identification of IgM antibodies,
which are present in serum 5 days after
the onset of parotitis and persist for sev-
eral weeks. The presence of mumps IgM
antibodies in the serum and CSF is
strong evidence of mumps as the cause
of the encephalitis.

Adenoviruses
Infections with adenoviruses are very

common in the United States. There are
rare case reports of adenovirus encephali-
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The Most Common Arboviruses, Their Hosts, and Typical Incubation Periods and the Number of Encephalitis
Cases in the US

ND, not determined.

*Source: www.cdc.gov (updated October 1998; accessed April 12, 2001).

†Confirmed and probable cases of eastern equine encephalitis, confirmed cases of all other forms of encephalitis.

‡The most important cause of encephalitis worldwide, with over 45,000 cases annually.

§Cases were reported in 1999 and 2000.

tis, particularly in immunocompromised
patients. In immunocompetent patients,
the pathogenesis is thought to be a postin-
fection encephalitis that may be respon-
sive to corticosteroid therapy.
Encephalitis can occur with or without
simultaneous adenovirus pneumonia.
CSF viral culture can be used to identify
the agent. PCR may prove useful for
identifying the virus but is largely
untested to date. 

Polyomavirus JC
Polyomavirus JC is considered to be

the causative agent of progressive multi-
focal leukoencephalopathy in patients
with severe immunocompromise, such
as AIDS, and allogeneic bone marrow
transplant. MRI reveals areas of de-
myelination in these patients. Culture of
this virus is difficult and usually not at-
tempted by clinical laboratories. PCR
has a high positive predictive value for
diagnosing this condition. A negative
result does not rule out JC infection, and

repeating the test on a later CSF speci-
men and the use of MRI studies are rec-
ommended in patients with the typical
clinical presentation.

Enteroviruses
Occasionally, enterovirus infection

can result in encephalitis rather than
meningitis. Patients with congenital hy-
pogammaglobulinemia are found to be
particularly susceptible and may develop
chronic, relapsing infection. Summer-fall
onset is characteristic of enteroviral in-
fections. The test of choice is CSF RT-
PCR. Alternatively, CSF viral culture
can be performed but is only 50% to
70% sensitive. The virus can also be cul-
tured from other specimens, such as
stool or oropharyngeal secretions, but in
these cases the relationship to the CNS
disease may be uncertain. 

Herpesvirus B
Human infection by Herpesvirus B

typically results from animal contact. The

natural hosts are macaque monkeys. In-
fected monkeys may be asymptomatic or
suffering from mild, recurrent mucosal
lesions. The infection in humans often
spreads from the inoculation site, involv-
ing the CNS. An ascending encephalo-
myelitis ensues with a mortality rate of
70%. Acyclovir may be effective in treat-
ing the disease. 

Encephalitis due to B virus is rarely
encountered, and viral isolation should not
be attempted by routine clinical laborato-
ries. Serologic testing can also be
performed, but one should consider cross-
reactivity between various herpesviruses
when interpreting results. Several PCR as-
says have been described for B virus; these
are currently under evaluation.18,19 When-
ever possible, serologic and culture speci-
mens from the suspected source animal
should be obtained.*

Family/Genus

Togaviridae/Alphavirus

Flaviviridae/Flavivirus

Bunyaviridae/Bunyavirus

Reoviridae/Coltivirus

Virus

Eastern equine encephalitis

Western equine encephalitis

Venezuelan equine encephalitis

St Louis encephalitis

Japanese encephalitis

West Nile 

Murray Valley/Kunjin encephalitis

Powassan tick-borne 

Tick-borne encephalitis (Europe)

California encephalitis group
(LaCrosse, Jamestown Canyon,
snowshoe hare, Cache Valley)

Colorado tick fever

Vector

Mosquito

Mosquito

Mosquito

Mosquito 

Mosquito 

Mosquito 

Mosquito 

Tick

Tick

Mosquito

Tick

Host

Birds

Birds

Various

Birds 

Pigs

Birds 

Birds

Squirrels

Rodents

Small
mammals

Squirrels,
chipmunks

Incubation
Period
(days)

5-7

5-10

1-6

4-21

5-14

1-6

2-5

ND

3-7

3-7

1-14

No. of US 
Cases† 1964-1997

153

639

None

4,453

None‡

None§

None

Rare

None

2,485

Rare

T1

*For B virus identification and serologic testing, contact
Dr Julia K Hilliard, NIH B Virus Resource Laboratory,
Georgia State University, PO Box 4118, Atlanta, GA
30302-4118; phone: 210.258.9400, x480. 
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Rabies Virus
Although rare in humans, rabies in-

fection should be considered in a patient
with encephalomyelitis. Wildlife reser-
voirs include bats, raccoons, skunks, and
foxes. Historically, domestic dogs were
the major mediators of human exposure.
In the United States, pet vaccination and
stray-dog control have greatly reduced
the risk from dogs. Presently, aside from
direct exposure from wildlife reservoirs,
domestic cats, cows, horses, and captive
wild animals also represent risks for
contracting rabies. Appropriate manage-
ment of animals by practicing veterinari-
ans directed by the state health
authorities is essential in disease control.
Recently, rabies has been identified in
patients who did not report or recognize
a bite. The causative virus was thought
to be associated with silver-haired and
eastern pipistrelle bats. 

Overall, awareness of the possibil-
ity of rabies in clinically compatible
cases needs to be heightened among
health care professionals.20 The stan-
dard test is a direct fluorescent antibody
assay usually performed in public
health laboratories. It is simple, sensi-
tive, specific, and rapid. Epizootiologic
studies may be important for rabies
control, and molecular biology
techniques may be used for typing ra-
bies strains. Laboratory tests used in-
clude saliva RT-PCR to demonstrate
viral RNA, neck biopsy to detect the
virus in cutaneous nerves by immuno-
fluorescence or RT-PCR, serum and
CSF serologic studies, and brain
biopsy. Skin biopsy offers the best
specimen, providing early diagnosis.
The presence of rabies antibodies in the
CSF is diagnostic irrespective of vacci-
nation status. Brain biopsy is usually
not warranted because of the lack of
effective treatment. Detailed guidelines
for the collection, handling, and trans-
port of specimens for rabies diagnosis
in humans are available.21

Measles Virus
Measles may result in 3 different

forms of encephalitis: 
1. Postinfectious encephalitis occurs

in an immunocompetent host within 3

weeks of the onset of measles rash. Occur-
ring at a rate of approximately 1 per 1,000
measles cases, the disease is thought to be
an immune-mediated demyelination. The
clinical presentation is the return of fever,
decreased level of consciousness, and
seizures. Diagnosis is presumptive and
based on the recent history of measles. 

2. Subacute measles encephalitis,
or inclusion body encephalitis, occurs
in immunocompromised individuals
several weeks after the episode of
measles. The pathogenesis involves un-
controlled infection of the brain tissue.
It is a rapidly progressive disease with a
poor outcome. Diagnosis can be estab-
lished by demonstration of characteris-
tic inclusion bodies in neurons,
immunohistochemistry, electron
microscopy, in situ hybridization, or
RT-PCR performed on brain tissue. 

3. Subacute sclerosing panen-
cephalitis occurs in immunocompetent
individuals years after an episode of
measles. It is rare, developing at a rate
of approximately 1 per 1 million
measles cases. The pathogenesis
involves a defective virus lacking part
of the wild-type genome. Clinically,
myoclonus and clumsiness develop
with progressive intellectual decline
and subsequent death. Risk factors in-
clude male gender and rural residency.
The diagnosis is based on demonstra-
tion of measles antibody CSF/serum
ratio of 1:5 to 1:50 (normal 1:200 to
1:500).22 Antibodies to another virus
are also assessed and used to rule out
blood-brain barrier leakage. 

Lymphocytic Choriomeningitis
Virus

LCMV is a rodent-borne
arenavirus. It has been associated with
postnatal and intrauterine disease in
humans. Intrauterine infections may
result in significant CNS sequelae,
which include chorioretinitis,
hydrocephalus, intracranial calcifica-
tions, microcephaly, macrocephaly,
seizures, and mental retardation. Post-
natal infection may result in
meningoencephalitis. 

Symptoms are nonspecific; a his-
tory of contact with rodents and CSF

pleocytosis predominantly composed of
mononuclear cells should raise suspi-
cion. The LCMV complement fixation
test has inadequate sensitivity. The test
of choice is the LCMV ELISA for IgM
and IgG.23 LCMV meningoencephalitis
may be an underdiagnosed condition.
Infections may be prevented by public
education about rodent exposure and
rodent infestation control. 
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Case Presentation
A 42-year-old woman presented to

the emergency department at 8:00 AM

on a Monday, complaining of pain on
her right side, either lower chest or
upper abdominal area. There was
increased pain with deep breathing. Her
husband stated that she had had a cold
and general flu-like symptoms for a few
weeks. Vital signs included a tempera-
ture of 97°F, pulse rate of 114 beats/
min, respiration of 22 breaths/min, and
blood pressure of 129/83 mm Hg. Phys-
ical examination and chest radiograph
findings were unremarkable. The pa-
tient stated that she had felt tired for a
few weeks and admitted to alcohol con-
sumption (a “six pack”) the day before.
Diagnostic tests showed no unusual re-
sults [T1]. The patient was given a pre-

scription to relieve the pain and sent
home. The prescription was not filled.

The patient was found at home
Tuesday afternoon lethargic and cold to
the touch. She complained of severe
right upper abdominal pain and was

taken to the emergency department.
Physical examination showed cold ex-
tremities, mottled to cyanotic skin, no
edema, and pain in the lower right tho-
rax. Vital signs were temperature, 95°F;
pulse rate, 131 beats/min; blood pres-
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Acute Leukopenia
A Case Study
Robert D. Robison, PhD, MT(ASCP),1 and Tina Morgan, MT(ASCP)2
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� Acute leukopenia and group A beta-
hemolytic streptococcus

� Close laboratory monitoring in cases of
acute, progressive leukopenia

[I1] Macrophage with many degenerated unidentifiable cells and a large number of bacteria in
chains and clusters. Pleural fluid (Wright stain, ×1,000).
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