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A unique urban encephalitis epidemic in Romania signaled the emergence of neurological infection due to
West Nile (WN) virus as a novel public health threat in Eastern Europe and provided an opportunity to
evaluate patterns of immunoglobulin G (IgG) and IgM reactivity in IgM capture and IgG enzyme-linked
immunosorbent assays (ELISAs). WN virus infection was diagnosed serologically in 236 of 290 patients from
whom acute serum or cerebrospinal fluid (CSF) samples were available. In 37% of serum samples and in 25%
of CSF samples collected in the first week of illness, anti-WN virus IgM antibody was detected in the absence
of virus-specific IgG. The switch to an IgG antibody response occurred after 4 to 5 days of illness and earlier
in CSF than in serum. A specific humoral immune response was detected in the CSF before the serum in some
patients for whom paired CSF and serum samples from the same day were available. IgM antibody in
convalescent serum samples persisted beyond 2 months after the onset of illness in more than 50% of patients.
ELISA optical density values and antibody concentrations were well correlated for both IgM and IgG immu-
noassays. Anti-WN virus IgM antibody in acute-phase samples did not cross-react significantly with flavivi-

ruses in other antigenic groups.

West Nile (WN) fever is a mosquito-borne flaviviral infec-
tion transmitted among vertebrates and various Culex mos-
quito vectors in Africa, the Middle East, areas of Europe, and
Asia; virus isolates have also been recovered from Australia
and recently from the United States (1, 3, 12, 16, 17, 20).
Humans and horses may develop illness after infection, but
they do not contribute to further viral amplification (12, 20).
Although the infection is considered to be transmitted mainly
in an endemic pattern, especially in Africa, sizeable epidemics,
numbering hundreds or thousands of cases, have occurred on
that continent and in Israel (12, 15, 16, 20, 32). Smaller out-
breaks of human and/or equine cases have been reported in
India, Egypt, Algeria, Morocco, central and southern Europe,
the Camargue of France, and in the United States (1, 3, 13, 19).
Clinically, WN fever is an acute self-limited febrile illness ac-
companied by headache, polyarthropathy, rash, and lymphad-
enopathy (15, 18). Rarely, acute hepatitis or pancreatitis has
been reported, and cases in the elderly have sometimes
been complicated by central nervous system (CNS) infection
(5, 6, 10, 11, 20, 21, 32; D. G. Tsereteli, R. A. Tsiklauri, and
E. A. Ivanidze, Proc. 8th Int. Congr. Infect. Dis., abstr. 60.006,
p. 206, 1998).

Between July and September 1996, a WN fever epidemic
centered in the capital city of Bucharest led to over 800 sus-
pected cases in southern Romania (26, 31). A serosurvey in
Bucharest disclosed low rates of WN virus antibodies, reflect-
ing an immunologically naive population in which a novel viral
infection produced disease in epidemic proportion (31). The
severity of illness in the outbreak was unusual. Most patients
were hospitalized with signs of CNS infection, and the fatality
rate in elderly people was 6%. WN virus was confirmed as the
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etiology of the outbreak serologically and by the isolation of
WN virus from an acute-phase cerebrospinal fluid (CSF) sam-
ple in one case (24, 31). The virus was also isolated from a pool
of Culex pipiens mosquitoes collected in Bucharest (26). Indi-
vidual cases were confirmed serologically using previously un-
evaluated immunoglobulin M (IgM) antibody capture (MAC)
and IgG direct enzyme-linked immunosorbent assays (ELISAs).
The purpose of the present study was to characterize the pe-
ripheral and intrathecal antibody responses to infection and to
describe the performance of these immunoenzymatic assays.

MATERIALS AND METHODS

Patients and samples. Study patients were admitted to two infectious disease
hospitals in Bucharest during an outbreak of viral meningoencephalitis from late
July through early October 1996. The clinical case definition used in the epidemic
investigation was acute aseptic meningitis, encephalitis, or meningoencephalitis
of suspected viral etiology, with a CSF pleocytosis. One or more serum and/or
CSF samples were received from 290 patients for laboratory diagnosis, including
some patients who did not meet all clinical criteria of the case definition but who
had other signs of an acute infection during the epidemic period (Table 1). Each
sample was aliquoted and stored at —20°C for a maximum of 2 months and
thawed just before being tested. Computerized clinical and epidemiological
records were available for each patient.

The investigation was conducted in accordance with human experimentation
guidelines of the Romanian Ministry of Health and with those of the Centers for
Disease Control and Prevention for studies conducted in rapid response to public
health emergencies.

WN MAC- and direct IgG ELISAs. The antigens used in ELISAs were pre-
pared and optimized according to published methods (7, 29). Propagation of
viruses was carried out in a biosafety level 3 laboratory. Briefly, antigens were
prepared by infecting confluent monolayers of monkey kidney cells (Vero cells;
American Type Culture Collection, catalog number CRL1587) with virus at
approximately 0.1 PFU per cell. Virus-infected cell cultures were harvested when
they exhibited three-plus cytopathic effect (CPE). Cell culture supernatants were
clarified by low-speed centrifugation, aliquoted, and frozen at —70°C. Infected
cell pellets were resuspended with standard borate saline, pH 9.6, containing 1%
Triton X-100, sonicated, and clarified by centrifugation. Cell lysates and culture
supernatants were inactivated by cobalt gamma irradiation (3 million rads) and
safety tested to ensure inactivation. This was accomplished by inoculating Vero
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TABLE 1. Serologic diagnosis of WN virus infection in hospitalized patients by clinical diagnosis

Clinical diagnosis No. of patients

WN virus infection, confirmed and presumptive cases

tested WN virus-specific IgM WN virus-specific antibodies Total
antibodies in CSF* in serum? (%)

Neurological cases meeting case definition (total) 257 75 141 216 (84)

Meningoencephalitis 115 34 67 101 (89)

Encephalitis 49 23 18 41 (84)

Meningitis 93 18 56 74 (80)

Other clinical diagnoses (total) 33 9 11 20 (61)

Acute fever and headache 10 6 2 8 (80)
Respiratory tract infection 5 5 5(100)

Other acute febrile illness 18 3 4 7(39)

¢ With or without serum virus-specific antibodies.
> IgM and/or IgG, with or without seroconversion.

cells with the treated antigens and observing the cell monolayers for CPE. To
determine the optimal antigen dilution, we performed checkerboard titrations
against homologous reference sera. Cell lysates were used to coat polyvinylchlo-
ride microtiter plates (Dynatech, Vienna, Va.) for direct IgG ELISA, and the
infected cell culture supernatants were used as the antigen in the IgM capture
ELISA (MAC-ELISA). Mock antigens from uninfected cells were prepared in a
similar manner and used in control wells.

Viruses used to infect Vero cells included the EG101 strain of WN virus, which
was originally isolated in Egypt; the 17d strain (Connaught) of yellow fever (YF)
virus, derived by Theiler in 1937; the New Guinea C strain of dengue 2 (DEN2)
virus, a human isolate from 1944; and the Hypr strain of Central European
encephalitis (tick-borne encephalitis [TBE]) virus, originally isolated in 1953
from a patient in Czechoslovakia.

Serum samples were screened at a 1:100 dilution, and a subset of these sera
were serially diluted fourfold from 1:100 to 1:6,400 in the ELISA plate. CSF was
screened at 1:10. Homologous hyperimmune mouse ascitic fluid was used as the
detector antibody in the MAC-ELISA. This reagent was prepared and optimized
according to the methods of Brandt et al. (2). The MAC-ELISA and the indirect
assay for IgG antibodies were described previously (7, 27, 29). Optical densities
(OD) were determined with an automatic ELISA plate reader (Diagnostics
Pasteur) at 405 nm. OD values for control antigen wells were subtracted from the
values for corresponding viral-antigen wells to obtain the adjusted OD value of
each test sample. Cutoff values were established by determining the mean ad-
justed OD of four negative serum samples plus 3 standard deviations. WN virus
antigen was prepared by infecting confluent Vero cell monolayers with the Eg101
strain at approximately 0.1 PFU per cell. Virus-infected cell cultures were har-
vested when they exhibited three-plus CPE. Cell culture supernatants were
clarified by low-speed centrifugation, aliquoted, and frozen at —70°C. Infected
cell pellets were resuspended with borate saline, pH 9.6, with 1% Triton X-100,
sonicated for 10 min on ice, and clarified by low-speed centrifugation. Cell lysates
and culture supernatants were inactivated by cobalt gamma irradiation (3 million
rads) and safety tested prior to use. Cell lysate at an optimized dilution was used
to coat plates for the IgG ELISA, and the infected cell culture supernatant was
used as the MAC-ELISA antigen. Mock antigens from uninfected cells were
prepared in a similar manner and used to coat control wells.

A sample was considered positive if it had an adjusted OD value equal to or
greater than the cutoff value. The titer was equal to the reciprocal of the last
dilution that was above or equal to the OD cutoff value. Positive control samples
were sera from vaccinated or naturally infected persons that exhibited activity in
the appropriate flavivirus ELISA. Negative control serum samples were obtained
from flavivirus-naive individuals.

Acute WN infection was confirmed if (i) anti-WN virus IgM with or without
IgG antibodies was present in the CSF or (ii) a seroconversion or a seroreversion
of anti-WN virus IgG or IgM antibodies was demonstrated in sequential serum
samples from the same patient. The diagnosis was considered presumptive if
virus-specific IgM was detected only in serum or if virus-specific IgG was elevated
(a titer of =1:400) in one or more serum samples (30). Patients with low levels
of virus-specific IgG (a titer of <1:400) without IgM were classified as having had
a past WN virus infection.

Statistical analysis. Statistical analysis was performed with Microsoft Excel
software. A two-tailed ¢ test was used to compare paired data. Logarithmic,
polynomial, and linear regressions and the Pearson r correlation were used to
determine the relationship between paired variables.

RESULTS

Specific IgM and IgG antibody response by clinical diagno-
sis. Confirmed or presumptive WN virus infections were diag-

nosed in 236 (81%) of 290 patients hospitalized with various
clinical disorders (Table 1). The relatively low percentage of
seroreactivity among patients meeting the epidemiological
case definition reflects the absence of convalescent serum spec-
imens in 24 cases. Patients meeting the case definition but who
lacked appropriate serologic confirmation differed significantly
from patients with confirmed cases of infection in age, resi-
dence, and clinical diagnosis, suggesting that they represented
other summertime infections upon which the epidemic was
superimposed (24). WN virus infection was laboratory proven
in eight patients not meeting the case definition but who were
hospitalized with fever and headache. Remarkably, acute WN
virus infection was also diagnosed serologically in five patients
with respiratory tract infections and in seven patients hospital-
ized with nonspecific febrile illnesses.

Kinetics of IgM and IgG antibody responses in serum and
CSF. WN virus antibodies were detectable as early as the first
hospitalization day in CSF and from the second day after the
onset of illness in serum samples (Fig. 1). During the first week
of illness, the cumulative percentage of patients who became
seropositive rose by approximately 10% each day. Patterns of
IgG and IgM reactivity in serum and CSF were examined in
detail for patients meeting the clinical case definition (Fig. 2).
Among 60 patients who had acute-phase serum samples (mean
collection day, 4.1 = 1.6; range, 2 to 7), 37% had virus-specific
IgM only without specific IgG. The mean collection day for
these samples was 3.5 = 0.9, significantly lower than the mean
collection day for samples that had both IgM and IgG, which
was 4.9 = 1.6 (P < 0.01). Thus, the switch to an IgG antibody
response occurred after 4 to 5 days of illness. CSF samples
collected from various days in the first week of illness were
available from 76 patients meeting the clinical case definition
(mean collection day, 3.7 = 1.4; range, 2 to 7). The switch to an
IgG antibody response appeared to occur slightly earlier in
CSF than in serum. The mean collection day for CSF samples
with specific IgM only was 3.7 = 1.2, and for those having both
IgM and IgG, the mean day was 3.8 = 1.2 (P = 0.839) (Fig.
1B). Among the 60 patients who fulfilled the clinical case
definition and who had acute-phase serum samples, 72% were
seropositive by the seventh day of illness (Fig. 2, column 1). An
additional 10% became seropositive by the end of the third
week of illness, and another 9% became seropositive only after
4 weeks of illness, giving a total seroreactivity of 91%.

Cross-reactivity of acute-phase anti-WN antibodies with fla-
viviruses in other antigenic groups. Antibody responses of
infected subjects in areas where intense flavivirus activity oc-
curs in successive years can give rise to difficulties in serologic
diagnosis. As a rule, primary responders exhibit mainly mono-
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FIG. 1. Cumulative percent positivity of anti-WN virus IgM and IgG ELISA antibodies in sera (A) and CSF (B) of patients with confirmed and presumptive recent

WN virus infection by day after onset of illness.

typic antibody responses, but with successive infections, the
antibody response broadens to include heterotypic reactivity to
other flaviviruses in the same or different antigenic groups. The
occurrence of this outbreak in a flavivirus-naive population
allowed us to evaluate the specificities of the ELISAs in pri-
mary WN virus infection. We selected at random 14 acute-

phase samples, which were tested for IgM and IgG antibodies
against four flavivirus antigens (Table 2): WN virus, DEN
virus, YF virus, and TBE virus. The IgM immune responses
were monotypic, while the IgG antibodies exhibited a broader
range of specificity in accordance with the magnitude of the
primary immune response.
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FIG. 2. Patterns of WN virus-specific IgM and IgG antibody reactivity in CSF and serum by interval after onset of illness.

Correlation between OD values and serum antibody titer. In
Fig. 3, the mean OD values for a twofold-dilution series of
serum samples (beginning at 1:100) are displayed for IgM and
IgG. As expected from the multistep protocol used, OD values
in the MAC-ELISA show great variability and practically no
linearity. The best-fit regression for IgM OD values was a
polynomial relationship (R = 0.93) in which low OD values
corresponded to low antibody concentration and high OD val-
ues corresponded to high antibody concentration. Reactivity in
the MAC-ELISA usually persisted in dilutions of >1:10,000
and occasionally >1:50,000 (data not shown), reflecting the
presence of very high levels of WN virus-specific [gM antibod-
ies in the samples and/or a high sensitivity of the assay system.
With respect to IgG OD values for the same dilutions, Fig. 3B
shows a much lower variability among replicates and a better
polynomial correlation between OD values and dilutions (R =
0.98). The linearity of the relationship in the region with serum

TABLE 2. IgM and IgG reactivity to flaviviral antigens in selected
patients with WN encephalitis

ELISA titer
Specimen
p o IgM IgG

TBE YF DEN2 WN TBE YF DEN WN
1 50 50 50 1,600 50 50 50 100
2 50 50 100 1,600 50 50 50 100
3 50 400 1,600 12,800 50 50 50 400
4 50 50 400 12,800 100 50 50 100
5 50 50 100 12,800 50 50 50 50
6 50 50 400 1,600 50 50 50 400
7 50 50 100 1,600 100 50 50 400
8 50 50 100 400 50 50 50 400
9 50 50 100 1,600 50 50 50 50

10 50 50 50 50 50 50 50 50

11 50 50 100 1,600 50 50 50 50
12 50 50 400 6,400 50 50 50 50
13 50 50 20 1,600 50 50 50 400
14 50 100 400 50 50 50 400

diluted 1:100 to 1:800 (Fig. 3B) allowed an accurate estimation
of IgG serum concentration from the sample OD value. After
serial dilution, reactivity was extinguished more rapidly for IgG
than for IgM, with no reactivity beyond a dilution of 1:6,400.

Correlation between OD values and illness day. OD values
for serum IgM showed a general decline through the first 3
months after the onset of illness (Fig. 4A). The mean OD value
of samples in the first 20 days of illness, 1.230 = 0.733, was
significantly higher (P < 0.0001) than the mean OD of later
samples, 0.618 = 0.401. Generally, high OD values in the IgM
assay corresponded to a recent infection while low OD values
corresponded to a more distantly acquired infection, 1 to 3
months before serum collection (slope, —16.7; R = —0.43; P <
0.01). More precisely, an adjusted IgM OD value of more than
1.000 had a probability of 0.62 of indicating a recent infection
(within 1 month), and an IgM OD value of less than 1.000 had
a probability of 0.95 of indicating an infection older than 1
month. More than 50% of cases had IgM persisting beyond 2
months after the onset of illness. OD values for IgG were more
scattered (Fig. 4B), although a tendency toward an incremen-
tal increase is evident (slope, 13.5; R = 0.432; P < 0.01). The
mean IgG OD value during the first 20 days of illness (1.519 =
0.880) was significantly lower than the mean OD value found in
later samples (2.249 = 0.732; P < 0.01).

DISCUSSION

The epidemic in Romania was the first significant WN fever
outbreak reported in Europe. The uniformly low seropreva-
lence rates in all age groups recorded in a postepidemic sero-
survey suggests that the virus was newly introduced into an
immunologically naive population (31). This may explain the
unprecedented number of neurological cases and deaths, es-
pecially among elderly persons. In the 1996 epidemic, 835
clinically suspected cases were reported, but in 326 that met
the case definition, appropriate clinical specimens to confirm a
laboratory diagnosis were unavailable. This gap underscores a
critical need for clinical laboratory procedures that can be
applied to specimens obtained early in the illness.
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The accepted diagnostic categories for defining a case of
arboviral encephalitis specify a compatible clinical syndrome
and (i) virus-specific IgM in CSF or a fourfold rise in serum
antibody titer by ELISA, indirect immunofluorescent antibody
assay (IFA), complement fixation (CF), hemagglutination in-
hibition (HI), or neutralization (confirmed case); (ii) elevated
antibody titer in a single serum sample (e.g., >320 by HI, >256
by IFA, >128 by CF, >160 by 90% plaque reduction neutral-
ization, or virus-specific IgM in the serum) (probable case); or
(iii) occurrence during a period when arbovirus transmission is
likely (suspected case) (30).

During the Romanian epidemic, 84% of patients meeting
the clinical case criteria were laboratory confirmed or were

considered probable, based on the presence of anti-WN virus
IgM antibodies in CSF or serum samples collected in the first
week of illness. In serum samples collected in the same interval
from patients hospitalized with other clinical conditions, only
61% had virus-specific IgM antibodies. In 51% of patients with
samples available during the first week after hospital admis-
sion, IgM antibodies were detected in the CSF only, while IgM
was detected in only 37% of early serum samples. In some
cases, when both serum and CSF samples taken the same day
were available, the onset of IgM antibody synthesis was re-
ported first in the CSF. This observation underscores the im-
portance of collecting CSF specimens for serologic testing at
the earliest stages of illness. The MAC-ELISA has demon-
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strated a high degree of sensitivity and specificity in the sero-
logic diagnosis of other neurotropic flaviviral infections when
both serum and CSF samples were tested, paralleling the re-
sults reported here (4, 14).

The appearance of IgM in the CSF before it appears in the
serum indicates that antibody production began locally in the
CNS and that its presence did not merely reflect transudation
from the systemic circulation (4, 5, 14). IgM antibodies were
still present 2 months after the onset of illness in more than
50% of convalescent serum samples. The overall decline in
antibody titers with time does not exclude the possibility that
high titers in some samples could reflect viral persistence.
Chronic neurological infections have been produced in mon-
keys experimentally infected with WN virus, and naturally ac-
quired Japanese encephalitis infections have been followed by
delays in virus clearance, by clinical relapses, and by the per-
sistence of intrathecal viral antigen for several weeks and in-
trathecal IgM antibodies for several months (22, 25, 28). The
persistence of serum IgM antibodies for up to 3 decades in
recipients of live attenuated YF vaccine has been reported,
presumably reflecting viral persistence (23). Efforts are being
made to follow recovered WN encephalitis patients in this
outbreak to study the disappearance or continued persistence
of IgM antibodies.

Serum IgG antibodies were present in 90% of convalescent
sera collected between 2 and 3 months after the onset of
illness. The absence of IgG antibodies in the seroprevalence
study conducted during the epidemic investigation is evidence
that WN virus was newly introduced to Bucharest in 1996. The
only other flaviviral infection recognized in Romania is TBE
virus infection, which is transmitted in northern Romania,
where it is the etiology of 20 to 30 encephalitis cases annually
(8, 9). In primary infections, antibodies to TBE and WN vi-
ruses are likely to show cross-reactivity by either HI or ELISA
only in samples with high antibody titers. Our evaluation
showed that anti-WN virus IgM antibodies detected by MAC-
ELISA were highly specific but that IgG ELISA antibodies
exhibited some cross-reactivity.

In the wake of the 1996 epidemic, surveillance of acute
encephalitis cases was established in districts affected by the
outbreak, including Bucharest, and 13 sporadic cases were
detected in 1997 and 1998 (6). The gradual diminution of viral
transmission in the years after an outbreak, also observed after
St. Louis encephalitis epidemics in the United States, may
reflect the continued depletion of susceptible amplifying and
end hosts, extension of intermediate-term meteorological pat-
terns favoring viral transmission, or the changing sensitivity of
case detection. Previous field studies in the Danube Delta in
southeastern Romania had suggested that the virus was trans-
mitted in a local sylvatic cycle (8, 9). Details of the sylvatic
transmission cycle there or elsewhere in Europe have not been
well defined, and the novel circumstances that led to epidemic
urban transmission in 1996 are even more obscure. By analogy
from the epidemiology of St. Louis encephalitis in the western
United States, WN virus may be transmitted perennially in
rural areas of southern Europe, producing an endemic pattern
of infection in the local population. Under unusual circum-
stances of amplified transmission, the virus may spill over to
urban locations, where susceptible human populations and the
proximity and abundance of vector mosquitoes and of inter-
mediate avian amplifying hosts provide conditions for epi-
demic transmission (18, 31).

Little is known of the incidence or geographic distribution of
WN encephalitis in Europe because the disease is not routinely
considered in the differential diagnosis of neurological infec-
tion and because laboratory diagnosis is not readily available.

J. CLIN. MICROBIOL.

The 1996 epidemic in Romania, associated suspect cases in
Bulgaria, an equine epizootic in Italy, and a recent study from
western Georgia in which WN virus antibodies were reported
in 31% of patients with acute CNS infection suggest that WN
virus infections may have public health significance in a larger
area of eastern and southern Europe than has been appreci-
ated previously (6, 13; Tsereteli et al., Proc. 8th Int. Congr.
Infect. Dis.). In addition, the recent emergence of a WN virus-
like outbreak in the United States signals the potential for an
even wider, global distribution (1, 3). The dissemination of
sensitive and specific laboratory test systems, such as MAC-
ELISA, to confirm the diagnosis and of IgG ELISAs to aid in
serosurveys will greatly facilitate comprehension of the public
health burden of this previously neglected infection.
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