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Horses naturally exposed to West Nile Virus (WNV) or vaccinated against WNV develop humoral immunity thought to be

protective against development of clinical disease in exposed or infected animals. No reports evaluate the efficacy of passive

transfer of naturally acquired specific WNV humoral immunity from dam to foal. The purpose of this study was to investigate

passive transfer of naturally acquired immunity to WNV to foals born in a herd of semi-feral ponies, not vaccinated against

WNV, in an endemic area, with many dams having seroconverted because of natural exposure. Microwell serum

neutralization titers against WNV were determined in all mares and foals. Serum IgG concentration was determined in foals

by serial radial immunodiffusion. Differences in IgG concentration between seropositive and seronegative foals were

examined by means of the Mann-Whitney U-test. Linear regression was used to evaluate the association between mare and

foal titers. Seventeen mare-foal pairs were studied; 1 foal had inadequate IgG concentration. IgG concentration was not

different between seronegative and seropositive foals (P 5 .24). Mare and foal titers were significantly correlated in foals with

adequate passive transfer of immunity (Spearman’s rho 5 .84; P , .001); .90% of the foal’s titer was explained by the mare’s

titer (R2 5 0.91; P , .001). Passive transfer of specific immunity to WNV is present in pony foals with adequate passive

transfer of immunity born to seroconverted mares.
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W est Nile Virus (WNV) was introduced to the
United States in 1999 and has now been

recognized in horses throughout the continental United
States.1 The horse population has been particularly
affected by this virus, with thousands of horses ill or
dying because of severe neurologic injury occurring in
a percentage of infected horses. Horses that produce
antibody in response to vaccination appear to be
protected, and one treatment for clinically affected
horses has been administration of hyperimmune plasmaa

or serumb products.1 There is 1 report of demonstrated
passive transfer of specific WNV immunity in a single
foal from a seropositive mare, but no larger studies of
passive transfer of naturally acquired immunity are
available.2 The purpose of this study was to investigate
passive transfer of naturally acquired specific immunity
to WNV to foals born in an endemic area. Foals studied
were born in a herd of semi-feral ponies not vaccinated
against WNV, but with many dams seroconverted
because of natural exposure. We hypothesized that
adequate passive transfer of immunity from dam to foal
would result in transfer of specific immunity to WNV in
foals approximating that observed in their dams.

Materials and Methods

Animals

The animals used were pony mares and their foals that were

resident members of a semi-feral pony herd (N 5 50–65 animals)

that since 1994 had been maintained at pasture in southern Chester

County, Pennsylvania, an area known to be endemic for WNV

infections in horses. Members of this herd were not vaccinated

against WNV and all foals resulted from pregnancies after natural

cover of the mares by a stallion member of the herd. There was no

history of disease because of WNV within this herd, but

approximately 63% of the herd was seroconverted against WNV

in 2004.c

Sample Collection

Whole blood was collected into evacuated glass tubes without

anticoagulant from foals between 2 and 6 hours after parturition

and initial colostrum ingestion by direct jugular venipuncture.d The

entire herd was sampled on April 11, 2005, and values from this

occasion were used as the maternal antibody titers for mares

foaling between April 11 and May 19. Mares foaling before April

11 or after May 19 also were sampled on the day of parturition,

and maternal titers were determined from those samples. Blood

was allowed to clot and serum was harvested, separated into

multiple 2-ml aliquots, and immediately frozen at 220uC. Serum

was sent frozen by overnight carrier to both testing laboratories,

and all samples were assayed at the same time.

Testing

Microwell serum neutralization titers against WNV (MSNT)

were determined at the New York State Diagnostic Laboratory at

Cornell University College of Veterinary Medicine. Titers $1 : 16

were considered positive. Serum IgG concentrations were de-

termined from blood drawn from the foals, simultaneously with

samples obtained for MSNT, for determination of adequacy of

passive transfer by serial radial immunodiffusion assay at Iowa

State University. Passive transfer of immunity was considered

adequate at IgG concentrations .800 mg/dL. IgG concentrations

were not measured beyond 3,200 mg/dL.
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Statistical analysis

Data were analyzed with Minitab 12.d Descriptive data are

presented as (median; 25th–75th percentile range). Differences in

IgG concentrations between seropositive and seronegative foals

were examined with the Mann-Whitney U-test. The relationship

between mare and foal titers was investigated with log-transformed

data and application of Spearman’s rho test and linear regression.

Significance was set at P # .05.

Results

Seventeen mare-foal pairs were tested. Sixteen of 17
foals had adequate passive transfer of immunity,
whereas 1 foal had no measurable IgG and was
determined to have complete failure of passive transfer
(FPT). This foal had been discovered separated from its
dam, and had not been observed nursing. The foal never
thrived and ultimately was euthanized. Excluding the
foal with FPT, median serum IgG concentration in
foals was 3,200 (2,425–3,200) mg/dL. IgG concentration
was not different between seronegative (3,200; 1,550–
3,200 mg/dL) and seropositive (3,200; 2,850–3,200 mg/
dL) foals (P 5 .24, adjusted for ties).

Ten mares had positive MSNT at the time of
parturition (1 : 2,048; 1 : 28–1 : 4,096), with 5 foals being
MSNT-positive and 5 foals being MSNT-negative. All
dams positive at #1 : 64 (n 5 4) had foals that were
MSNT-negative. One foal born to a mare with a MSNT
titer of 1 : 2,048 was MSNT-negative. This animal was
the foal with FPT. The remaining mares with positive
foals had titers of $1 : 2,048. In 2 cases, MSNT titers
were higher in the foal than in the dam, 2 mare-foal pairs
had identical MSNT titers, and 1 foal had a MSNT titer
lower than its dam. All 7 mares seronegative at the time
of foaling had foals with adequate passive transfer of
immunity and negative MSNT titers. Again excluding
the mare-foal pair that contained the foal with FPT,
mare and foal titers were significantly correlated in foals
with adequate passive transfer of immunity (Spearman’s
rho 5 .84; P , .001) with .90% of the foal’s titer
explained by the mare’s titer (R2 5 0.91; P , .001; log
foal titer 5 20.268 + 1.05 log mare titer).

Discussion

The data demonstrate passive transfer of specific
immunity against WNV from dam to foal associated
with adequate passive transfer of humoral immunity in
the immediate postnatal period. This particular herd
demonstrated an increase in MSNT seropositivity in the
year before the study, with 63% of the herd having
seroconverted by the end of the mosquito season
compared to 40% before the onset of mosquito season,
including 13 of the 17 mares in this study.c In foals with
adequate passive transfer of immunity, MSNT titers
should approximate those of the dam if the dam’s titer is
obtained within 30 days before parturition. Questions
not answered by these data include whether a passively
acquired MSNT-positive titer is associated with pro-
tection from WNV infection, as appears to be the case
with equine arteritis virus, or whether maternally
derived antibody potentially could interfere with de-

velopment of protection after vaccination against WNV,
as described for influenza and tetanus toxoid.3–5 Despite
ongoing seroconversion within this herd of ponies and
its location in southern Chester County, PA (where the
largest number of equine cases in the United States
occurred in 2003), there have been no documented cases
of clinical disease because of WNV in the herd. In an
endemic region, approximately 20% of infected people
will develop West Nile Fever and 1 in 150 infected will
develop more severe clinical signs, including neurologic
manifestations.6 If the same ratios are true in equids,
some mild cases of fever may have gone unrecognized in
this herd because these ponies are minimally handled,
although closely observed twice daily.

Foals in this study were sampled at an earlier time
period than traditionally suggested in order to evaluate
passive transfer of immunity.7 Prior work in this herd, in
which foals (n 5 16) were sampled before nursing and
at 0.5, 1, 2, 4, 6, 12, and 24 hours after first nursing,
demonstrated that IgG concentration in all cases where
foals nursed were considered adequate (ie, .800 mg/dL)
by 0.5 to 1 hour after first nursing, with peak values
achieved by 6 hours (McDonnell, unpublished data).
Except for 1 foal that eventually required euthanasia, all
foals in the current study had adequate IgG concentra-
tions, confirming that adequate colostrum ingestion and
IgG absorption occurred before sampling.

This study can provide no information regarding the
duration of maternally derived antibody, because foals
and mares remained at pasture 24 hours per day 7 days
per week exposed to endemic WNV. Passively acquired
antibody to other equine diseases has been described as
persisting in foals from 76 to 230 days for equine arteritis
virus, with a suggested half-life of 27 to 39 days for
most.4,7–10 Those data, as well as data investigating the
possible interference of maternal antibody with vaccina-
tion against WNV, need to be investigated in other models.
However, our data demonstrate that maternally derived
antibody against WNV arising from natural exposure will
be acquired by the foal following ingestion of colostrum
and absorption of antibody, and the foal will develop an
MSNT serum titer approximating that of the dam.

Adequate passive transfer of specific immunity to
WNV occurs in pony foals born to seroconverted mares.
The potential role of this passively acquired immunity
remains unexamined, as does its duration.

Footnotes

a West Nile Virus Antibody, Equine Origin, Lake Immunogenics,

Inc, Ontario, NY
b West Nile Virus Antibody, Equine Origin, Novartis Animal

Health US, Inc, East Hanover, NJ
c McDonnell SM, Grogan EH, Glaser AL, Wilkins PA. West Nile

Virus titers in a herd of semi-feral ponies in Pennsylvania. J Vet

Intern Med 2005;19:482 (abstract)
d Vacutainer, Becton Dickinson and Company, Franklin Lakes, NJ
e Minitab 12, Minitab Inc., State College, PA
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