
Research Notes

899

Received for publication September 21, 1998.
Accepted for publication January 16, 1999.
1To whom correspondence should be addressed: Steve_Caldwell@

groton.pfizer.com
Abbreviation Key: KLH = keyhole limpet hemocyanin; VIP = vasoac-

tive intestinal peptide.

Increased Egg Production in Juvenile Turkey Hens After Active
Immunization with Vasoactive Intestinal Peptide

S. R. CALDWELL,*,1 A. F. JOHNSON,* T. D. YULE,* J. L. GRIMES,† M. FICKEN,* and V. L. CHRISTENSEN†

*Animal Health Biological Discovery, Pfizer Central Research Inc., Groton, Connecticut, 06340, and
†Poultry Science Department, North Carolina State University, Raleigh, North Carolina 27695

ABSTRACT Juvenile turkey hens were actively im-
munized against vasoactive intestinal peptide (VIP)
prior to photostimulation to evaluate its effect on
enhancing egg production. VIP antibody titers were
generated in the VIP immunized hens and a greater rate
of egg production per hen was observed compared to
controls. In addition, the first egg laying cycle was
extended for an additional 7 wk without a significant

decline in egg production. Over a 27-wk period, 116
settable eggs per hen were produced from the VIP
immunized hens as compared to 102 and 90 eggs for the
keyhole limpet hemocyanin and saline control groups,
respectively. Based on the increased egg production and
the extension of the first egg laying cycle, this experi-
ment demonstrates that VIP immunization of turkey
hens is potentially economically relevant.
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INTRODUCTION

Vasoactive intestinal peptide (VIP; 28 amino acids) is
a neuropeptide that is physiologically involved in the
maintenance of prolactin release (Rozenboim et al.,
1993a; El Halawani et al., 1995). One of the many roles of
prolactin in avian biology is its influence on broodiness
or incubation behavior (El Halawani and Rozenboim,
1993; Rozenboim et al., 1993b). In turkeys, high plasma
levels of prolactin are associated with increased incuba-
tion behavior, which can significantly and negatively
impact egg production (Proudman and Wentworth,
1996). Active immunization of turkey hens with VIP was
shown to decrease the serum levels of prolactin during
the photo-induced reproductive cycle (El Halawani et al.,
1996). Nest visits declined and egg production improved
with the VIP vaccinates as compared to controls.
Currently, turkey breeders utilize two photo-induced
egg production periods in which observed broody hens
are culled after the first cycle and the remaining birds
are subsequently recycled (L. G. Bagley, Tar Heel
Turkey Hatchery, Raeford, NC 28376, personal commu-
nication). This study examines the effect of active
immunization with VIP in juvenile hens, before pho-
tostimulation, in the first laying cycle, without the
selection of hens based on incubation behavior. Immuni-

zation was performed with a chicken VIP-KLH vaccine.
Antibody titers and egg production were monitored
over an extended reproductive period.

MATERIALS AND METHODS

Experimental Conditions

Ninety Nicholas Strain commercial turkey breeder
hens were observed in this study. Breeders were divided
into two groups of 18 (three pens of 6 birds as replicates for
each group) and one group of 12 (three pens of 4 birds
replicated three times). The birds were housed at the
North Carolina State University Unit II Field Laboratory
in an environmentally controlled building with light but
not temperature controls, following standard guidelines
prescribed by the University. Heparinized blood was
collected biweekly from each hen from 18 (darkout
period) until 60 wk of age. Plasma samples were collected
and stored at –20 C until ready for analysis. At
photostimulation (32 wk), the hens were given 15.5 h of
light/d from 0500 to 2030 h. Settable eggs (functional and
usable eggs) were collected and counted five times daily.
Birds were observed for initial nesting behavior and the
tendency for broody behavior (increased frequency of
nesting) at each time of egg collection.
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FIGURE 1. Percentage responders to active immunization with
VIP-KLH group (π), KLH group (⁄), and saline control group (ÿ)
based on VIP antibody titer measurement. Arrows indicate initial
immunization (a), boosters (b), and photo stimulation (p). A relative
titer of 1/1,000 dilution was set as a threshold for qualifying a
response in each turkey hen. VIP = vasoactive intestinal peptide.

Immunization

All turkey hens were immunized before photostimula-
tion at 18, 22, 26, and 30 wk of age. Chicken VIP (NH2-
CHSDAVFTDNYSRFRKQMAVKKYLNSVLT-COOH)
was conjugated to KLH2 via an incorporated N-terminal
cysteine residue. The initial dose of chicken VIP-KLH (125
mg) was emulsified and administered in Freund’s com-
plete adjuvant (No. 77140).3 Three booster injections of
VIP-KLH were given containing Freund’s incomplete
adjuvant (No. 77145)3 at doses of 75, 50, and 50 mg
according to the schedule (12 birds). The KLH/adjuvant
(No. H7017)3 controls were immunized with 125 mg for
each immunization (18 birds). Saline controls (18 birds)
were formulated and administered similarly. A total
volume of 250 mL; was administered each time by s.c.
injection into the turkey neck.

Measurement of VIP Antibody Titer

Plasma samples were evaluated for VIP antibody titers
by ELISA through 43 wk of age. Biotinylated VIP (0.1 mg/
mL in 0.025 M Tris, 0.15 M NaCl at pH 7.6) was adsorbed
to avidin-coated plates (Reacti-Bind NeutrAvidin4)
and incubated at room temperature for 2 h. Excess peptide
was removed by washing plates four times with the wash
buffer (0.025 M Tris, 0.15 M NaCl + 0.05% Tween-20) and
the wells were blocked with 0.025 M Tris + 1% polyvinyl
alcohol. Then, fivefold serial dilutions of turkey sera in
diluent (0.025 M Tris, 0.15 M NaCl, 1% polyvinyl alcohol)
(100 mL per well) were added and incubated for 30 min at
room temperature. Plates were washed four times in the
wash buffer and then goat anti-turkey IgG (H + L)-
horseradish peroxidase (No. 6110-05)5 was added to each
well (1:20000 dilution in diluent buffer, 100 mL per well).
After incubation for 30 min at room temperature, the
bound antibody was detected with 3,3′5,5′-tetramethyl
benzidine substrate (No. 50-76-04)6 (100 mL per well, 15
min in the dark) and the reaction was halted with the
addition of 50 mL per well of 0.18 M H2SO4. Absorbance at
450 nm was measured with a Molecular Devices
microplate reader. Endpoint titers were determined using
the forecast method in EXCEL. A relative threshold
antibody titer of 1,000 was established in considering the
antibody response.

Measurement of Plasma
Prolactin Concentrations

Turkey plasma prolactin levels were measured using a
radioimmunoassay according to a procedure of Proud-
man and Opel (1981) at 7 d after the third booster and 7, 21,
and 42 d after the fourth booster injections.

Statistical Analysis

Turkey hens were arranged in a completely random
design in pens of six or four birds (three replicated pens
per treatment) each in an open-sided turkey laying house.
Egg production data were analyzed on a weekly basis
using a one-way analysis of variance (SAS Institute, 1993).
The three immunization treatments were the only factors
considered in the experiment. Means determined to differ
significantly were separated using the Least Squares
Means Procedure (SAS Institute, 1993).

RESULTS AND DISCUSSION

Juvenile breeder turkey hens were maintained and
evaluated until 60 wk of age. All the turkeys that were
immunized with chicken VIP developed antibodies
against VIP, with anti-VIP titers remaining high until
nearly 40 wk of age when they began to decline to
control levels (Figure 1).

The VIP-vaccinated turkeys sustained a significantly
greater rate of egg production per hen than controls
(Figure 2), although significant differences were not
realized at every week. Over a 27-wk period, the VIP-
immunized group produced 116 settable eggs per hen,
the T cell carrier (KLH) group produced 102 eggs per
hen, and the saline control group yielded 90 eggs per
hen. This translates into an average of 4.3, 3.8, and 3.3
eggs per bird per week, respectively, over the
27-wk period.

Because elevated turkey plasma prolactin levels have
been negatively correlated to egg production, plasma
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FIGURE 2. Cumulative total settable eggs collected from each
immunized group of turkey hens. VIP-KLH group (π), KLH group (⁄),
and Saline control group (ÿ). VIP = vasoactive intestinal peptide.

prolactin concentrations were measured to possibly
explain the difference in egg production between the
VIP-immunized and control turkey hens. However, only
one saline control hen demonstrated a markedly high
concentration of prolactin, which occurred between 34 to
37 wk and was 30 times higher than basal levels. In
addition, broody behavior by this hen was observed
initially at 37 wk, which then continued for 5 wk
thereafter. The average prolactin levels for the remain-
ing turkey hens at 37 wk were approximately four times
lower for the KLH control and nine times lower for the
other saline controls and VIP immunized hens than for
this one saline control hen. This observation is consistent
with a previous report contrasting prolactin levels
between laying and incubating hens (Proudman and
Wentworth, 1996). The general lack of demonstrable
incubation behavior by the first cycle hens, as defined by
plasma prolactin levels and observed nesting behavior,
does reinforce the idea that egg production in first cycle
hens is linked to circulating VIP concentrations, but not
necessarily to prolactin levels (Etches et al., 1979).

Previous studies have demonstrated that VIP immu-
nization has potential as a method to counteract
declining egg production during a second laying cycle
(El Halawani et al., 1995). We have demonstrated that
immunoneutralization of VIP with the generation of VIP
antibodies in turkey hens before photostimulation also
positively impacts egg production, but in turkey hens
entering their first laying period. Increases in egg
production of up to 26 eggs per bird over 27 wk can be
realized in these first cycle hens. Industry standards for
egg production during a normal 20-wk cycle can

generate up to 80 or more eggs per bird. By maintaining
greater than 4 eggs per week per hen past this
20-wk cycle period, turkey breeders are offered a
possible economic advantage. Eggs laid late in lay
represent a potentially greater profit than those early in
lay when capital costs are being allayed. Additionally,
the potential for increased egg production late in a
laying cycle may also preclude the necessity for
recycling the hens for a second egg laying period.
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