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Abstract.

In Houston, we have been monitoring the immune response to West Nile virus (WNV) infection in a large

cohort of study participants since 2002. Using enzyme-linked immunosorbent assay techniques, serum from 163 participants
was tested for the presence of anti-WNV immunoglobulin M (IgM) and IgG antibodies. We found that 42%, 34%, and
23% of study participants had either positive or equivocal results when tested for anti-WNV IgM antibodies approxi-
mately 1, 6, and 8 years post-infection, respectively. Conversely, almost one-half of study participants (46%) had
undetectable anti-WNV IgG antibodies by 8 years post-infection. This study is the first study to calculate the slope of
the rate of decay of antibodies over time as well as show persistence of detectable anti-WNV IgM antibodies up to 8 years
post-infection. These findings warrant additional investigation, particularly the determination of whether persistence

of IgM is related to persistent infection with WNV.

INTRODUCTION

West Nile virus (WNV) infection is typically diagnosed
through a combination of findings, including clinically compat-
ible illness and positive results from specific laboratory tests.'?
Patients suspected of WNYV infection typically have serum or
cerebrospinal fluid (CSF) tested for the presence of anti-WNV
immunoglobulin M (IgM) antibodies using an IgM antibody
capture enzyme-linked immunosorbent assay (MAC-ELISA).
IgM is considered a marker of acute infection, with decline to
undetectable levels expected around 2-3 months post-infection
with most viral diseases.

During the WNV encephalitis epidemic in Bucharest,
Romania in 1996, patterns of IgM and IgG reactivity in
ELISAs were evaluated.®> Anti-WNV IgM antibodies were
detectable in serum as early as the second day after onset of
encephalitis. IgG antibody response seemed to occur 4-5 days
after onset of illness. IgM was still present in more than 50%
of convalescent sera collected 2 months after the onset of
central nervous system (CNS) illness.

Other studies have also documented persistence of IgM
antibodies over an extended period of time. During an out-
break in Greece in 2010, researchers noted that 41 % of patients
continued to experience IgM persistence up to 180 days post-
infection.* After the WNV outbreak in New York City in
1999, Roehrig and others® studied the antibody response in
29 patients diagnosed with encephalitis. Serial bleeds identi-
fied anti-WNYV IgM persistence approximately 1.4 years post-
onset in 7 of 12 patients who still had evidence of IgM
antibodies on previous serial bleeds. At 9 months post-onset,
those patients who were older (> 65 years of age) seemed
to be more likely to have detectable IgM antibodies, and at
1 year post-onset, those patients who presented with enceph-
alitis seemed to be more likely to have IgM persistence com-
pared with meningitis. Unfortunately, the sample size was
small, and therefore, no statistically significant difference was
seen among any groups at any time.

IgM antibody persistence can hinder diagnosis in successive
years in areas affected by large epidemics.> With WNV now
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endemic in the United States, the kinetics of IgM and IgG
antibody response are important to understand. This paper
presents the findings from our study, where we evaluated
a large cohort of WNV-positive patients in Houston over an
8-year period to determine the duration of detectable IgM
antibodies, the rate of decay of IgM and IgG antibodies, and
whether the antibody response is different in patients based
on demographics, comorbidities, and social behaviors.

METHODS

Study population. Study participants were identified
through routine disease surveillance conducted by Harris
County Public Health and Environmental Services, City of
Houston Department of Health and Human Services, and
Gulf Coast Regional Blood Center. Methods for confirming
WNV status were previously described.® Participants who
agreed to take part were enrolled into the study. A total of
163 study participants took part in this study. After giving
their consent, participants were interviewed to collect demo-
graphic, medical history, and social history data at the time of
acute WNV infection. Blood specimens were collected every
6 months for analysis. Participation in blood collections was
based on availability of the study subject; therefore, not all
participants took part in each follow-up collection. This study
was reviewed and approved by the University of Texas Health
Science Center Committee for the Protection of Human
Subjects (HSC-SPH-03-039) and complied with the Health
Insurance Portability and Accountability Act.

WNYV ELISA. Using ELISA techniques, serum was tested
for the presence of anti-WNV IgM and IgG antibodies.
Centers for Disease Control and Prevention (CDC) provided
in-kind protocols, reagents, positive and negative control serum,
normal antigen (sucrose-acetone-extracted suckling mouse
brain antigen), and technical support for performing these ana-
lyses. The protocol provided by the CDC for the MAC-ELISA
was followed.”® Briefly, anti-IgM (capture antibody) was
coated on 96-well microtiter plates. This step was followed
sequentially by the patient’s serum (1:400 dilution) and the
viral (Focus Diagnostics, Cypress, CA) and normal antigens.
The presence of antigen was detected by using enzyme-
conjugated antiviral antibody, and a colorimetric result was
generated by the interaction of the enzyme and chromogenic
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substrate. Samples were run in duplicate, and each plate
included a positive and negative control. An average absor-
bance of each plate was determined at 450 nm and calculated
between the two wells of each patient sample. The optical
density of the positive control was divided by the optical
density of the negative control. If this value was greater than
three, then the test was validated. The optical density of the
patient serum was divided by the optical density of the nega-
tive control to determine the P/N ratio. A negative result
was defined as a P/N < 2. An equivocal result was defined as
a P/N > 2 and < 3. A positive result was defined as a P/N > 3.
Normal antigen was also run in duplicate for each patient to
help eliminate false positives. The mean optical density on the
positive patient specimen against the viral antigen had to be
at least two times greater than the mean optical density of the
patient specimen against the normal antigen. Positive ELISA
results with high background against normal antigen were
repeated. If high background was detected again, then the
sample was excluded from analysis.

To determine the presence of anti-WNV IgG antibodies,
the CDC protocol was also followed.” Briefly, viral group-
reactive monoclonal antibody was coated on a 96-well plate
followed sequentially by known viral or normal antigen,
patient serum, enzyme-conjugated human IgG, and lastly, sub-
strate for the conjugate used. Samples were run in duplicate
with positive and negative controls, and an average absorbance
of each sample was determined at 405 nm. The P/N ratio
was calculated and interpreted in the same manner as IgM.

Data analysis. Descriptive statistics were performed to illus-
trate host immunologic response. Linear regression was used
to determine the slope of antibody decay over time. All P/N
observations were included. Univariate logistic regression anal-
ysis was performed to assess potential associations between
having detectable anti-WNV IgM antibodies (P/N > 2) and
demographics, comorbidities, and social behaviors at 1 and
5 years post-infection. For the purposes of this study, we
defined history of chronic alcohol abuse as consuming either
3.5 or more alcoholic drinks in one sitting at least one time per
week and/or 15 or more alcoholic drinks in a week as reported
by the study participant. Tobacco use was based on self-report
of regular usage. Multivariate logistic regression analysis was
also performed to establish independent risk factors and test
for potential confounding. All risk factors on univariate anal-
ysis with P < 0.25 were included in multivariate analysis. A
backward step elimination of the highest non-significant value
method was used. Only those factors with P < 0.10 were con-
sidered significant in the multivariate analysis. All calculations
were run using STATA v12.0 software (College Station, TX)
and NCSS 2007 (Kayesville, UT).

RESULTS

A total of 163 participants took part in this longitudinal
study. Our study population consisted of 62% males and
83% whites. The average age at acute disease onset was
52 years (range = 9-88 years). The study population was com-
prised of 56% neuroinvasive disease cases (38% encephalitis
and 18% meningitis) and 44% non-neuroinvasive disease
cases (28% febrile and 16% asymptomatic).

The median anti-WNV IgM and IgG P/N values by year
post-acute WNV infection are listed in Table 1. At 1 year
post-infection, 42% of participants had positive or equivocal
IgM antibodies (P/N > 2); 34% of participants had positive or
equivocal IgM antibodies at 6 years post-infection, and 23%
of participants had positive or equivocal IgM antibodies at
8 years post-infection (Figure 1). Interestingly, the percentage
of study participants with detectable IgM antibodies seems
to decline over years 1-4 but then increases again from years 5
to 8. Anti-WNV IgG antibodies steadily declined over the
study period. At 1, 6, and 8 years post-infection, 4%, 44%, and
46% of participants tested negative for anti-WNV IgG anti-
bodies, respectively. Interestingly, 7 of 11 (64%) and 4 of
5 (80%) of those participants with detectable IgM were found
to be negative for IgG antibodies at 6 and 8 years, respectively.

The linear regression of anti-WNV IgM and IgG P/N value
change over time is noted in Figures 2 and 3. Using 664 obser-
vations of anti-WNV IgM P/N results, we estimated the
equation of the straight line relating the P/N value and the
number of days post-acute WNV infection as anti-WNV IgM
P/N value = (2.076) + (-0.0002) (days post-infection). The slope
of the line was significantly different than zero (P = 0.0001,
t value = —-3.99). Using 685 observations of anti-WNV IgG
P/N results, we estimated the equation of the straight line
relating the P/N value and the number of days post-acute
WNV infection as anti-WNV IgG P/N value = (7.823) +
(-0.0017) (days post-infection). The slope of the line was
significantly different than zero (P < 0.0001, ¢ value = -7.72).

As seen in Table 2, we found the following variables on
univariate analysis appropriate for inclusion in the multivari-
ate model: sex (P = 0.16), race (P = 0.13), history of chronic
alcohol abuse (P = 0.04), and history of chronic tobacco use
(P =0.06). On multivariate analysis, we identified the follow-
ing variables as significantly associated with having detectable
IgM antibodies at 1 year post-infection: sex (P = 0.04), history
of chronic alcohol abuse (P = 0.04), and history of tobacco use
(P =0.06). The odds ratio (OR) for male sex was found to be
protective (OR = 0.4), indicating that females are more likely
to have persistent IgM antibodies than men. Those partici-
pants with a history of chronic alcohol abuse had 4.6 greater

TaBLE 1
Descriptive summary of antibody response among cohort participants by years post-WNYV infection

1 Year (N =91)

2 Years (N =79)

4 Years (N = 68) 6 Years (N =32) 8 Years (N =22)

Median IgM P/N (range)
Median IgG P/N (range)

2.37 (0.80-18.70)
8.12 (0.90-18.10)

IgM positive (P/N > 3)* 16 (18) 5(6)
IgM equivocal (P/N = 2.0-2.99)* 22 (24) 17 (22)
IgM negative (P/N < 2)* 53 (58) 57 (72)
IgG negative (P/N < 2)* 4(4) 5(6)

1.74 (0.60-7.60)
6.22 (0.70-20.00)

1.72 (0.70-6.54)
5.89 (0.70-20.00)

1.72 (0.13-5.84)
6.45 (0.84-20.00)

1.61 (0.14-4.08)
2.50 (0.86-6.80)

1(2) 309 0(0)

7 (10) 8 (25) 5(23)
60 (88) 21 (66) 17 (77)

9 (13) 14 (44) 10 (46)

*Reported as crude number (%).
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Ficure 1. Percentages of participants (N = 163) with detectable IgM or undetectable IgG by year post-infection.

odds of elevated IgM titers at 1 year post-infection, and those
participants with a history of tobacco use had 2.4 greater odds
of elevated IgM titers at 1 year post-infection. The same anal-
ysis was repeated for 5 years post-infection (data not shown).
Based on univariate analysis, age 65 years and older (P =0.18)
and history of hypertension (P = 0.09) were included in the
multivariate model. Only hypertension neared significance
(OR =3.5;95% confidence interval = 0.7 to 1.2; P = 0.09).

DISCUSSION

We found a higher than expected proportion of participants
with detectable anti-WNV IgM antibodies several years post-
infection. In this study, we identified positive or equivocal
detection of IgM antibodies in 42% of cases having measurable
antibodies approximately 1 year post-infection and 23% of
cases having measurable antibodies at 8 years post-infection.
This study is the first study to show longitudinal persistence of
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FiGure 2. Regression lines with 95% confidence interval areas
for anti-WNV IgM and IgG P/N values over days after acute
WNYV infection.

IgM in a large cohort of cases for this length of time. Because
IgM and IgG are used to identify acute cases of WNV infec-
tion, developing an understanding of the kinetics of antibody
response is critical in being able to diagnose acute infection.
Persistence of IgM from previous transmission seasons can
result in false interpretation of test results in patients suspected
of acute arboviral disease. Although overall decline of IgM
antibodies is expected, extended high titers could possibly
represent viral persistence.’

When we began this study in 2003, we used the only nation-
ally accepted protocol for determination of IgM and IgG
antibodies at that time, which was based on the CDC recom-
mendations and previously published studies. With the intro-
duction of Food and Drug Administration (FDA)-approved
commercially available kits through Focus Diagnostics and
PanBio, Inc. a couple of years into the study,'” we made the
decision to continue to use the CDC protocol to remain con-
sistent with methods and interpretations. In 2010, we began to
use the commercially available kits by PanBio. Although those
data are not presented in this report, we continued to find
IgM persistence with the use of the commercially available
kits. Not including equivocal results, we found 23% and 6%
positive for IgM antibodies at 6 and 8 years post-infection,
respectively. This result is a higher prevalence of positives
(P/N > 3) than what we found after the CDC MAC-ELISA
protocol (9% and 0% at 6 and 8 years, respectively) (Table 1).
These findings support our conclusion of persistence of
detectable IgM antibodies up to 8 years after infection, and
our use of the CDC MAC-ELISA protocol might possibly
have given us results that underrepresent the true prevalence
of persistent IgM.

In previously published studies, the persistence of anti-
WNV antibodies was previously documented for more than
1 year after infection.*>! Roehrig and others’ found a higher
proportion of IgM persistence in patients over the age of
65 years and cases with a clinical presentation of encephalitis.
In this study, we were able to examine a larger cohort of WNV-
positive study participants, and we did not find any statistical
associations between IgM persistence and age (either as a con-
tinuous or categorical variable) or disease severity. Unlike the



IgM PERSISTENCE AFTER WEST NILE VIRUS INFECTION 999
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FiGURE 3. Scatter plots of anti-WNV IgM (N = 664 data points) and IgG (N = 685 data points) P/N levels over time among 163

study participants.

work by Roehrig and others’, we found several inconsistencies
in odds ratios for neuroinvasive disease and IgM persistence
over time. Odds ratios fluctuated between increased risk, pro-
tective, and null without any evidence of trend. Even after
refining disease categories (encephalitis, meningitis, fever, and
asymptomatic), no significant associations were found. Based
on our longitudinal data, we did not find any associations
between IgM persistence and acute WNV disease severity.

We did find that social behaviors, specifically tobacco use
and chronic alcohol abuse, were statistically associated with
detectable IgM antibodies at 1 year post-infection. Substance
abuse has known maleficent effects on the immune system. '3
Substance abuse is likely causing an underlying immunosup-
pressant condition, resulting in chronic viral infection. This
study was the first to include social histories in evaluation of
antibody persistence, and these findings should be considered
when exploring the mechanisms behind IgM persistence.

We discovered a substantial decline in detectable IgG anti-
bodies over the study period, which is seen in Figure 1, with
almost one-half (46%) of participants negative for IgG anti-
bodies by 8 years post-infection. It is postulated that this
finding could be influenced by the nature of our population

being older. Advanced age is associated with both severe
WNV disease and decline in humoral immunity.'*'> The
average age of our study population at the time of acute
infection was 52 years, and 56% of our population had
neuroinvasive WNV disease; therefore, it is possible that
these factors could influence the decline in IgG antibodies
overtime. Statistically, being negative for IgG antibodies at
6 years post-infection was not associated with any factors,
including age or severity of illness from WNYV. Finally, we
did not expect to find 64% and 80% of those participants with
detectable IgM antibodies at 6 and 8 years, respectively, to be
IgG-negative. These findings warrant additional investigation.

Interestingly, two participants in this study were confirmed
positive in CSF for WNV during acute infection by both ELISA
and Plaque Reduction Neutralization Test (PRNT). How-
ever, both have been negative (P/N < 2) for both IgM and
IgG on all serial blood draws since that time. We did not
expect to find consistently negative results in these patients.
Sera from these cases were tested for evidence of neutralizing
antibodies by both hemagglutination inhibition and PRNT,
and both had positive titers identified. Similar findings have
been reported with experimentally infected primates.'® The

TABLE 2

Univariate and multivariate logistic regression analysis: association between detectable IgM antibodies (IgM P/N > 2) at 1 post-infection and
reported demographics, comorbidities, and social behaviors at the time of initial infection

1 Year post-infection

All cases Number IgM P/N >2 Univariate Multivariate OR Multivariate
(%; N =92) (%; N =38) OR (95% CI) P value (95% CI)* P value*
Demographics
Sex (male) 58 (63) 21 (55) 0.5 (0.2-1.3) 0.16 0.4 (0.1-0.95) 0.04
White, non-Hispanic race 72 (78) 33(87) 2.4 (0.8-7.3) 0.13 NS NS
Age > 65 years 27 (29) 11 (29) 0.9 (0.4-2.3) 0.90
Neuroinvasive WNV disease 66 (72) 29 (76) 1.4 (0.5-3.6) 0.49
Encephalitis from WNV 42 (46) 17 (45) 0.9 (0.4-2.1) 0.82
Comorbidities
Hypertension 38 (41) 15 (39) 0.9 (0.4-2.0) 0.71
Diabetes 16 (17) 6 (16) 0.8 (0.3-2.4) 0.67
Chronic alcohol abuse 11 (12) 8 (21) 44 (1.1-18.1) 0.04 4.6 (1.0-20.3) 0.04
Tobacco use 49 (53) 25 (66) 2.3 (0.98-5.5) 0.06 2.4 (0.95-6.2) 0.06

CI = confidence interval; NS = not significant.
*Only those variables with P < 0.25 were entered into the multivariate model.
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reasons behind negative detection of IgM and IgG antibodies
are unclear.

We examined several demographic, comorbidity, and social
history variables and their associations with persistence of IgM
antibody response; however, the true reason for continued
detection of IgM could be related to other factors, including
viral persistence. Persistent infection with WNV has been
well-documented in multiple species, including humans.'’*?
Hepeatitis C virus (HCV) is also a member of the Flaviviridae
family, and presence of IgM anti-HCV antibodies serves as a
marker of active viral replication and associated liver disease
during the chronic stage of infection.” Biologically, this asso-
ciation is understandable, and our finding of persistent IgM in
WNV-infected patients leads to an urgent need to further
document and understand the pathology of persistent WNV
infection in humans.

Several studies have documented a high percentage of
WNYV patients with elevated IgM levels up to 1 year post-
infection.*>'! One of the strengths of this current study is that
we had the opportunity to capture repeated measures of anti-
body levels in a large cohort population over a substantial
period of time. By doing so, we were able to show continued
IgM persistence in one-fifth of participants up to 8 years post-
infection. Persistent IgM response could lead to misdiagnosis
of acute WNV disease. Physicians should be particularly mind-
ful to diagnose acute WNV disease based on both the presence
of clinically compatible illness and laboratory evidence of
infection, preferably by the presence of anti-WNV IgM anti-
bodies in CSF. Additional research is needed to understand the
mechanisms and possible pathology related to extended levels
of IgM antibodies over such a long period of time.
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