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Seroepidemiology of Chronic Fatigue Syndrome: A Case-Control Study
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We performed serological testing for a large number of infectious agents in 26 patients from
Atlanta who had chronic fatigue syndrome (CFS) and in 50 controls matched by age, race, and sex.
We did not find any agent associated with CFS. In addition, we did not find elevated levels of
antibody to any of a wide range of agents examined. In particular, we did not find elevated titers
of antibody to any herpesvirus, nor did we find evidence of enteroviral exposure in this group of
patients.

Chronic fatigue syndrome (CFS) is an illness of unknown
etiology, characterized by debilitating fatigue lasting longer
than 6 months and a variety ofnonspecific symptoms, including
myalgia, arthralgia, lymphadenopathy, low-grade fever, sleep
disorders, and inability to concentrate [1]. An infectious etiol
ogy has been suggested for CFS, although the evidence is not
compelling [2]. Many patients report the sudden onset of a
flulike illness that presaged their fatiguing illness, and a number
of infectious agents are known to cause postinfection fatigue.
Reports that viral antibody titers are elevated in CFS cases has
led to the speculation that latent viruses may be reactivated in
this illness as a result of an underlying perturbation of immune
function, and that elevated titers of antibody to common agents
may be a reflection of this disturbance.

We conducted serological tests for a large number of infec
tious agents as part ofa case-control study assessing risk factors
for CFS. Our goals were (1) to determine whether we could
detect a common exposure history among CFS patients who
met a stringent research case definition and (2) to determine
whether levels of antibody to any of the agents examined were
elevated in CFS cases.

Materials and Methods

Case and Control Selection

Patients with CFS were recruited from the Atlanta compo
nent of the Centers for Disease Control and Prevention's
(CDC's) surveillance study ofCFS [3]. Cases ofCFS in Atlanta
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who currently met the 1988 CFS research case definition [4]
and who had been sick for ~ 10 years were eligible for the
study; 26 cases were recruited to participate in the study. We
selected two controls for each case. They were matched for
age (±5 years), race, and sex. Controls were selected by ran
dom-digit dialing in the five-county area of Atlanta covered by
the surveillance system. All controls were screened to eliminate
those with medical conditions that could bias the results (Reyes
et al., unpublished data).

Specimen Collection

We collected blood and stool samples from each participant.
Serum and stool specimens were stored at -70°C. Each labora
tory was requested to perform serological testing of samples
as a single batch to minimize interassay variation. If that was
not possible, samples from a case and two matched controls
were tested in the same batch. All samples were coded so that
the tests were performed in a blinded fashion.

Laboratory Testing

Retroviruses. Serological testing for HIV-1 and HIV-2 was
performed with use of a U.S. Food and Drug Administration
(FDA)-licensed ELISA kit (Genetic Systems, Redmond, WA).
Confirmatory testing was performed with an FDA-licensed
western blot test (Cambridge Biotech, Rockville, MD). Anti
bodies against human T-lymphotrophic virus types I and II
were detected with an ELISA, and confirmatory testing was
performed by western blotting [5]. To detect the presence of
a retrovirus in peripheral blood lymphocytes (PBLs) from
cases, we cultured 2 X 106 PBLs with allogeneic phytohemag
glutinin-stimulated PBLs for 4 weeks. Cultures were fed
weekly and culture supernatants were screened weekly for re
verse transcriptase activity [6].

Enteroviruses. Sera were screened for enterovirus-specific
IgM with use ofa monoclonal antibody-capture ELISA similar
to that described previously [7]. To detect active infection, we
prepared RNA from stool samples and performed a reverse
transcriptase PCR to detect enteroviral sequences [8]. For four
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cases and three controls, materials were insufficient for entero
viral RNA testing.

Arboviruses. Sera were screened with a hemagglutination
inhibition assay [9] against a panel of 10 arboviruses. Antibod
ies against Colorado tick fever virus and vesicular stomatitis
virus were detected by means of a CF assay [10]. Titers of
~ 1:10 were considered positive.

Herpesviruses. Titers of antibody to cytomegalovirus, hu
man herpesvirus 6, and varicella zoster virus were determined
by means of an ELISA against the whole virus. Optical density
readings were converted into antibody units with use of known
standards [11]. Cytomegalovirus and varicella zoster virus val
ues were considered positive at ~ 100 antibody units, and hu
man herpesvirus 6 values were considered positive at ~200

antibody units. Epstein-Barr virus (EBV) early antigen anti
body titers were determined with a commercial ELISA (Gull
Laboratories, Salt Lake City), and a titer of ~ I: 10 was consid
ered positive. Antibodies specific for EBV viral capsid antigen
(VCA) and nuclear antigen were titrated by indirect immuno
fluorescence assay (IFA) [12]. A titer of ~ 1:10 was considered
positive. Type-specific herpes simplex virus serology was per
formed with a glycoprotein G-based western blot assay [13].

Respiratory viruses. Sera were tested for the presence of
antibodies to adenovirus; parainfluenza viruses I, 2, and 3; and
respiratory syncytial virus. Testing was performed by ELISA
with a 1:100 serum dilution [14]. Antibodies to coronavirus
subtypes OC43 and SN229E were detected with a microneu
tralization assay [15].

Hepatitis viruses. Sera were screened for antibody to hepa
titis B or hepatitis C by ELISA, with use of commercially
available kits (Abbott Laboratories, Abbot Park, IL). ELISA
positive sera were subjected to confirmatory testing by western
blotting (Abbott Laboratories).

Other viruses. Antibody to measles nucleoprotein [16], ru
bella (Rubestat G, Bio Whittaker, Walkersville, MD), and par
vovirus B19 [17] was detected by ELISA. Measles neutraliza
tion titers were also determined [18].

Rickettsiaceae. Serological testing for antibodies to Ricket
tsia typhi, Rickettsia ricketts ii, Coxiella burnetii, and Ehrlichia
chaffeensis was performed with use of IFA against fixed whole
organisms [19]. A titer of ~ 1:32 was considered positive.

Bartonella (formerly Rochalimaea species). Sera were
screened for antibodies to Bartonella henselae, B. quintana,
and B. elizabethae by means ofIFA with fixed whole organisms
[20]. A titer of ~ 1:32 was considered positive.

Borrelia burgdorferi. Sera were screened by ELISA for
antibodies against flagellin. A positive result was confirmed by
western blotting (Robbins et aI., manuscript in preparation).

Candida albicans. Precipitating antibodies were detected
by both latex agglutination and immunodiffusion. The result
was considered positive if either the immunodiffusion assay
was positive or the latex agglutination titer was ~ 1:4. We also
screened for the circulating Candida antigens mannan A and
mannan B [21].

Chlamydia. Sera were screened by IFA at 1:32 dilution
against Chlamydia trachomatis, serotype L2. This contains the
lipopolysaccharide antigen specific for the genus Chlamydia
and thus detects antibodies to all Chlamydia species [22].

Statistical Analysis

We analyzed our data using matched analysis procedures.
We used a nonparametric test (Cochran-Mantel-Haenzel statis
tic [23] with modified ridit scores [24]) to assess differences
in continuous variables between cases and controls. The loga
rithm in base 2 of the titers of antibody to EBV-VCA, EBV
early antigen, EBV-nuclear antigen, and coronavirus OC43
as well as the measles neutralization titer were used in the
analysis, since they have a natural interpretation when titers
are considered (each dilution represents 1 unit in the log base
2 scale).

In all statistical testing we carried out, a P value of ~.05

was considered significant. Since the design of the study was
exploratory and not hypothesis-testing, we did not correct for
multiple comparisons [25]. Statistical analyses were performed
with the statistical software SAS (SAS Institute, Cary, NC).

Results

Demographics. We recruited 26 patients with CFS (23 fe
male and 3 male) and 52 matched controls. Two controls with
drew, leaving 2 cases with only 1 matched control. All partici
pants were white (this finding is consistent with those of other
studies). The median duration of illness for the cases was 5.3
years (range, 2.2-10.5 years), and the median age at onset of
illness was 33.5 years (range, 16-49 years). Occupation, in
come, and education were comparable between cases and con
trols.

Agents infrequently detected in or absent from CFS cases.
All 26 cases were seronegative for the following agents: hepati
tis Band C; R. typhi; R. rickettsii; B. henselae; B. burgdorferi;
the arboviruses St. Louis encephalitis virus, Powassan virus,
Rio Bravo virus, yellow fever virus, eastern equine encephalitis
virus, western equine encephalitis virus, Everglades virus,
Cache Valley virus, Jamestown Canyon virus, LaCrosse virus,
Colorado tick fever virus, and vesicular stomatitis virus; and
the retroviruses HIV-l, HIV-2, and human T-Iymphotrophic
virus types I and II. In PBL cocultivation experiments designed
to detect retroviral activity, no reverse transcriptase was de
tected at any of the four time points tested. Controls were also
seronegative for these agents, with the exception of one control
who had a 1:10 titer against St. Louis encephalitis virus.

We detected six (23.1%) or fewer CFS cases seropositive
for a number of agents. These included C. burnetii, the caus
ative agent for Q fever (3.9%); E. chaffeensis (3.9%); Chla
mydia species (23.1%); herpes simplex virus type 2 (15.4%);
B. quintana (3.9%); and B. elizabethae (19.4%). Only three
(11.5%) of the cases had detectable circulating precipitating
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Table1. Comparison of antibody levels in CFS cases and controls.

Cases Controls
Type of antibody detected (n = 26) (n = 50) P value!

Measles (nucleoprotein)* .450 (96) .440 (98) .747
Respiratory syncytial virus* .155 (92) .150 (94) .623

Parainfluenza virus 1* .445 (100) .415 (100) .326

Parainfluenza virus 2* .260 (100) .290 (96) .123

Parainfluenza virus 3* .180 (100) .190 (100) .642
Adenovirus* .400 (92) .300 (78) .112
Parvovirus B19 IgM* .095 (92) .090 (94) .737
Parvovirus B19 IgG* .930 (69) .910 (74) 1.00
Cytomegalovirust 1925 (62) 1185 (60) .965
Human herpesvirus 6t 1460 (100) 1715 (100) .808
Varicella zoster virus t 810 (100) 660 (100) .330
Rubella' 2.46 (96) 2.34 (94) .330

Herpes simplex virus 1 ND (50) ND (50)

NOTE. Numbers in parentheses represent percentage positive for antibody;
ND = not determined.

* Data expressed as median optical density.
t Data expressed as median antibody units.
t Cochran-Mantel-Haenzel statistic with modified ridit scores.

antibodies to C. albicans, a finding that may be indicative of
systemic infection with C. albicans, and no case or control
had detectable circulating mannan A or mannan B. Five cases
(19.2%) and 11 controls (22%) had evidence ofrecent enterovi
ral infection, reflected by detectable enterovirus-specific IgM.
Reverse transcriptase PCR analysis ofstool specimens revealed
the presence of enteroviral RNA in three cases (13.6%) and
four controls (8.5%). There was no overlap between those who
had enterovirus-specific IgM and those who had detectable
viral RNA in their stool. There were no statistically significant
differences between cases and controls for any of these agents.

Agents frequently detected in CFS cases. All other agents
tested were detected in ;;:::25% of CFS cases, and antibody
levels were compared between cases and controls. These agents
included the herpesviruses cytomegalovirus, varicella zoster
virus, human herpesvirus 6, EBV (early antigen, nuclear anti
gen, and VCA), and herpes simplex virus 1; the respiratory
viruses adenovirus, respiratory syncytial virus, coronavirus,
and parainfluenza viruses 1,2, and 3; measles virus; parvovirus
B19; and rubella (tables 1 and 2). The seropositivity rates in
both cases and controls were ;;:::50%. There were no differences
between the two groups in terms ofseropositivity rates or virus
specific antibody levels, as measured by titer, by antibody units,
or by optical density in an ELISA.

Discussion

We have screened a well-characterized group of patients
with CFS for evidence of infection with a wide range of agents
and have compared percentages of infection with age-, race-,
and sex-matched controls. We found no evidence of a common
infectious agent in the patients studied. There were no differ-

ences in prevalence of current enteroviral infection between
cases and controls, as determined by levels of circulating en
terovirus-specific IgM, nor in the frequency of detectable en
terovirus in stool samples. Thus, in the group of patients from
Atlanta, enteroviral infection was not more common in CFS
cases. We were unable to detect evidence of infection with any
known human retrovirus, and our inability to detect reverse
transcriptase activity in cocultures suggests that there is no
common, unknown retrovirus in these patients. This is consis
tent with other studies that have been unable to detect retro
viruses in CFS [26, 27]. We found no evidence of infection
withB. burgdorferi, the causative agent ofLyme disease. Infec
tion with B. burgdorferi can lead to a CFS-like illness, and in
areas where Lyme disease is endemic, it can contribute to CFS
related estimates [28]. In this group of patients from Atlanta,
there was no evidence that Lyme disease is a factor in CFS.

Other agents that had <25% seroprevalence in these patients
included arboviruses, hepatitis B and C, Rickettsiaceae, Barto
nella species, Chlamydia species, and precipitating antibodies
to C. albicans. We also looked for circulating Candida anti
gens, since these are frequently found in severely immunodefi
cient patients. None of our patients with CFS had detectable
mannan A or mannan B, which suggests that these patients
were not immunodeficient. The lack of precipitating antibodies
to C. albicans argues against the occurrence of a chronic can
didal infection in patients with CFS.

Herpesviruses-in particular, EBV and human herpesvirus
6-have been associated with CFS. Although elevated titers
to EBV-VCA and EBV early antigen were initially described
as occurring in patients with CFS [29, 30], subsequent studies
made it clear that these were not specific to CFS [31-33]. In
this study, we found no differences in titers to EBV-VCA or
EBV nuclear antigen between cases and controls. However,
the titer of early antigen was slightly elevated in the cases
compared with that in controls, although the difference was
not statistically significant.

In conclusion, we were unable to find evidence of a single
infectious agent associated with CFS in this patient population,
nor did we find evidence of elevated antibody titers consistent

Table 2. Comparison of antibody titers in CFS cases and controls.

Type of antibody Cases Controls
detected* (n = 26) (n = 50) P value!

EBV early antigen 57.5 (96) 35.2 (87) .095

EBV nuclear antigen 26.4 (92) 21.1 (86) .747

EBV viral capsid 89.0 (100) 83.6 (96) .847
Measles (neutralization) 82.9 (92) 144.5 (98) .101

Coronavirus OC43 75.8 (100) 64.5 (100) .086

NOTE. Numbers in parentheses represent percentage positive for antibody;
EBV = Epstein-Barr virus.

* Data expressed as reciprocal of geometric mean titer (log base 2).
t Cochran-Mantel-Haenzel statistic with modified ridit scores.
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either with reactivation of a latent virus or with generalized
immune activation.
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