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Abstract

Background—Despite the use of vaccines, low pathogenic (LP) H5N2 influenza viruses have
continued to circulate and evolve in chickens in Mexico since 1993, giving rise to multiple genetic
variants. Antigenic drift is partially responsible for the failure to control HSN2 influenza by
vaccination; the contribution of maternal antibodies to this problem has received less attention.

Methods—We investigated the effect of different antisera on the efficacy of vaccination and
whether booster doses of vaccine can impact immune suppression.

Results—While single doses of inactivated, oil emulsion vaccine to currently circulating HSN2
influenza viruses provide partial protection from homologous challenge, chickens that receive
high-titer homologous antisera intraperitoneally before vaccination showed effects ranging from
added protection to immunosuppression. Post-infection antisera were less immunosuppressive
than antisera obtained from field-vaccinated chickens. Homologous, post-infection chicken
antisera provided initial protection from virus challenge but reduced the induction of detectable
antibody responses. Homologous antisera from field-vaccinated chickens were markedly
immunosuppressive, annulling the efficacy of the vaccine and leaving the chickens as susceptible
to infection as non-vaccinated birds. Booster doses of vaccine reduced the immunosuppressive
effects of the administered sera.

Conclusion—Vaccine efficacy against LP H5N2 in Mexico can be severely reduced by maternal
antibodies. Source dependent antisera effects offer the possibility of further elucidation of the
immunosuppressive components involved.
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INTRODUCTION

Of the 17 subtypes of influenza A (H1-H17), H5 and H7 are of the most concern because
low-pathogenicity strains of these two subtypes have the potential to mutate to the highly
pathogenic form of avian influenza (Al) during circulation in poultry. Highly pathogenic
avian influenza (HPAI) can cause high mortality in chickens and can have a significant
impact in the areas of both agricultural and public health (1).

Many countries have discouraged Al vaccination, fearing it would hinder rapid diagnosis (2)
and negatively affect serologic surveillance in poultry (3). Since the late 1990s, the severity
of Al outbreaks has increased worldwide, leading to a re-evaluation of vaccination (1,2).
Mexico began to vaccinate poultry against Al shortly after a 1993 confirmed case of H5N2
low pathogenic avian influenza (LPAI)(4-6). In 1994, the LPAI H5N2 virus mutated into
HPAI (5,7). An Al vaccination program was established to control and eradication (8) with a
commercial vaccine using the virus strain A/CK/Mexico/CPA-232/1994 (H5N2)(4). The last
HPAI H5N2 virus was isolated in 1995 (8), and Mexico decided to continue vaccination to
protect commercial flocks from LPAI (4). From 1995 to 2001, more than 1 billion doses of
Al vaccine were administered. However, the LPAI H5N2 outbreaks in Mexico persist, and
related viruses have spread to neighboring countries (8,9).

One explanation for persistence of LPAI H5N2 in Mexico is that antigenic differences
developed between circulating viruses and vaccine seeds. Significant antigenic drift has
been observed between 1994 vaccine seed A/CK/Mexico/CPA-232/1994 (H5N2) and field
isolates (4,5,10,11). Another possible explanation is the interference of passive, or maternal
immunity. In birds, maternal antibodies are transferred into the yolk, and the chick draws
from this source of passively acquired immunity during the first weeks of its life (12).
Although these antibodies can protect the chicks against viral disease (13), they also can
hinder the immune response to vaccination as seen with infectious bursal disease (14),
Newecastle disease virus (NDV)(15), and Al vaccines (12, 13, 16). The majority of studies
on the influence of maternal immunity have focused on Egypt, where the circulation of
H5N2 HPAI viruses in poultry continues despite vigorous control efforts. Results indicate
that when chicks received maternal antibody through passive transfer (12) or passive
immunization with anti-H5 chicken serum (16), the antibodies interfered with vaccine
efficacy. We hypothesized that a similar situation may be occurring in Mexico and
contributing to the persistence of LPAI H5N2 despite nearly two decades of vaccination,
surveillance, and biosecurity measures. Therefore, we examined the immunogenicity and
protective efficacy of an inactivated influenza vaccine made with HSN2 LPAI isolate A/
Chicken/Mexico/lA05/09 (H5N2) in chicks that were passively immunized with antisera to
homologous virus.

MATERIALS & METHODS

Viruses

LPAI H5N2 virus, A/Chicken/Mexico/lA05/09 (H5N2), was grown in 10-day-old
embyonated chicken eggs for 48 hours at 37°C and stored at —80°C. The 50% chicken
infectious dose (CIDsgg) was determined in white leghorn chickens as described (16).
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Specific pathogen-free (SPF) white leghorn chickens were purchased from Charles River
Laboratories (North Franklin, CT) and used for all experiments. Animal experiments were
approved by the Animal Care and Use Committee of St. Jude Children’s Research Hospital
and performed in compliance with National Institutes of Health and the Animal Welfare
Act. Challenge experiments were performed in biosafety level 2 containment with restricted
access to the animal facilities and as outlined in the Biosafety and Microbiological and
Biomedical Laboratories (BMBL) guidelines (17) with the following enhancements: 1)
experimental groups of infected birds were housed in individual cubicles under negative
pressure and HEPA filtration, 2) researchers were required to wear personal protective
equipment including N-95s, disposable tyveck suits, head, face, hands and shoes covers and
all PPE was discarded prior to leaving the biosafety suite. Birds were observed for clinical
signs of influenza for 14 days and assayed for virus as described (16).

Preparation of antisera and passive immunization

Vaccines

Vaccinated chicken serum was obtained from a commercial farm in Mexico from layer
chickens vaccinated at 3-weeks- of-age against Al and NDV; at 8 weeks of age with
monovalent vaccine containing Al; and at 19 weeks of age with a bivalent vaccine
containing Al and NDV. All three vaccines were adjuvanted and inactivated, and contained
the A/Chicken/Mexico/lA05/09 (H5N2) strain. These poultry were administered
vaccinations for other common viral and bacterial pathogens. Serum was collected from
chickens at 32 weeks of age and HI titered with a resulting value of 1280 HI units/50pl.

To prepare serum from infected chickens, 8-week-old SPF chickens were inoculated with
1.0 ml of 1:10 dilution of A/Chicken/Mexico/lA05/09 (H5N2) via the natural route (oculo-
nasal administration). Chickens were boosted at 22 days post-infection with undiluted virus
stock (1.0 ml IV + 1.0 ml IP or 2.0 ml 1V), serum was collected 1 week later, and it was
titered in the HI assay with a value of 2560 HI units/50l.

For passive immunization, 3-week-old chickens in groups of 11 received 1.0 ml of antisera
intraperitoneally (IP) either neat or 1:2 dilution from the stock sera (described above) to
simulate maternal immunity (Table 1). Prior to administration, sera was tested for bacterial
contamination and for the presence of immunosuppressive chicken anemia virus and found
to be negative in both cases (data not shown).

The vaccine used for immunization was a whole-virion, inactivated, mineral-oil emulsion
preparation containing the strain A/Chicken/Mexico/AvilabLA10509/09 (H5N2, AVILAB
Laboratories, Jalisco, Mexico). One day after passive immunization, all birds (excluding
naive group which received PBS) were administered 0.5 ml of vaccine subcutaneously in the
lower neck. Nine days later, groups 5 and 8 received a vaccine boost (Table 1).
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Twenty-five days after boost, all animals were challenged with 1042 EIDs (equivalent to
100 CIDsgq units) intranasally (0.25 ml), intratracheally (0.25 ml), and intraocularly (1 drop
per eye) of A/Chicken/Mexico/lA05/09 (H5N2) in PBS.

Swab collection

Oropharyngeal and cloacal swabs were collected from all birds before challenge and on days
3,5,7,9, 11 and 13 after challenge and assayed for infectivity by titration in embryonated
chicken eggs as described (16). The lower limit of detection was 0.75 log;gEIDsp/ml.

Blood sampling and serology

Statistical al

RESULTS

Blood was collected from 2-5 birds from each group prior to passive immunization and
tested to determine whether antibodies to influenza A were present. Additionally, blood was
collected 10, 21, 35 and 50 days after passive immunization and subjected to the HI assay as
described. Absolute values from the assay were converted to Logs for statistical analysis.
The lower limit of detection was 1:10 serum dilution (~3 Log).

nalyses

The arithmetic mean values + standard deviations and statistical significance of infectious
titers, serum antibody titers and duration of shedding average values was determined by the
student’s t-test using Excel (Microsoft, Redmond, WA) or GraphPad Prism v5 (GraphPad
Software, La Jolla, CA) software. A Fisher’s exact test was used to compare total number of
birds shedding throughout the experiment using GraphPad Prism v5 software.

Virus shedding after challenge

Chickens were vaccinated with a recent LPAI H5N2 isolate (A/Ck/Mexico/lA05/09)
homologous to the challenge virus to minimize the influence of antigenic drift on the
vaccine’s efficacy. After the challenge, all chickens remained free from clinical signs of
infection.

Shedding was more frequent and occurred at higher titers via the oropharyngeal route (Table
2) than the cloacal route (Supplementary Table 1) and oropharyngeal shedding was present
in all groups by 3 days post-challenge (dpc). As expected, all naive animals (group 1) had
positive oropharyngeal swabs (Table 2). One dose of vaccine was sufficient to protect
against shedding in 5 of 9 chickens in the vaccine control group (group 2) and reducing
mean oropharyngeal titers as compared to naive birds (3,5 dpc, p < 0.05). Surprisingly, neat
laboratory derived post-infection antisera (group 3) appeared to provide additional
protection, decreasing both the number of birds shedding and duration of shedding (p <
0.05); only 2 of 10 birds (one bird at 3 and another at 5 dpc) had detectable virus in
oropharyngeal swabs. Diluting the laboratory post-infection antisera 1:2 (group 4) appeared
to qualitatively reduce the protective effect. Four of 11 birds were shedding via the
oropharyngeal route 9 days post challenge, but despite this, no difference was detected by
our statistical methods between group 4 and groups 3 or 5. The booster vaccine administered
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to group 5 did not reduce the number of birds with oropharyngeal shedding; 6 of 11 birds
were shedding 7 dpc.

Oropharyngeal shedding in groups 6-8, which consisted of chickens passively immunized
with field-derived, post-vaccination antisera, provided a different picture of vaccine efficacy
and antibody interference. In group 6 (neat serum) and 7 (serum diluted 1:2), all birds shed
virus at levels statistically insignificantly different to those of the naive group, and the
number of birds shedding was higher than the vaccine control group (p < 0.01).
Additionally, group 6 birds shed at higher titers than the vaccine control group at multiple
time points (3,5 dpc, p < 0.05). These data combined provide clear evidence of the
interference of antibodies on the efficacy of the vaccine. Conceivably, boosting may have
provided some benefit because the number of birds shedding at any given time was lower in
group 8 than in group 7 (p < 0.05); however, approximately half the birds in group 8 had late
onset shedding (9 or 11 dpc), so virus was detected as late as 13 dpc.

Limited cloacal shedding was seen in all groups (Supplementary Table 1). Group 2
(vaccination alone) had fewer birds shedding from the cloaca than did group 1, with 1 of 9
and 8 of 9 birds shedding respectively (p < 0.01).

Passive antibody transfer

Approximately half of the animals from each experimental group had detectable antibody
titers 1 day after passive immunization with sera against A/Ck/Mexico/lA05/09 (H5N2)
(Table 3). Average circulating antibody titers on day 1 were statistically higher in groups
receiving post-infection antisera than those receiving post-vaccination antisera (p < 0.05).
Titers from passive immunization quickly waned and were no longer detectable on day 10
(Table 3).

Serological response to vaccination after passive immunization

A single dose of vaccine induced high HI titers in all 9 vaccine control birds, with titers
ranging from 8.9-9.4 Log, (Table 3). These birds” immunity was marginally boosted after
challenge, with HI titers increasing to an average 10.3 Log,. Chickens in group 3,
administered neat laboratory derived sera, had a delayed antibody response. A 21 days post-
vaccination, antibody titers were detectable in only 5 of 10 birds and significantly lower than
titers from the vaccine control group (p < 0.005). Titers improved by 35 days post-
vaccination, with all 10 birds responding. Although this improvement continued after
challenge, HlI titers of group 3 were still lower than those of vaccine controls (group 2) at
both 35 and 50 days post vaccination (p < 0.005 and 0.05 respectively). Antibody titers in
group 4 displayed a trend similar to group 3. Chickens in group 4 and 5 had similar antibody
titers until day 50 post vaccination when group 5 titers were higher than group 4 (p < 0.005),
an indication that boosting increased seroconversion in the face of passively administered
antibody.

In group 6, administered neat, field-derived serum, only 3 of 10 birds had detectable HI
titers (mean, 5.3 Logy) 21 days after vaccination. An additional 5 birds had detectable titers
by day 35, but mean titers remained lower than those of the vaccine control group at this
timepoint and for the remainder of the study (p < 0.01). In group 7, which received diluted
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field antisera, 7 of 10 birds responded to vaccination by day 21, and by day 35, all birds had
detectable HI tiers. At both timepoints, titers were higher than in birds receiving undiluted
sera (group 6, p < 0.05). Similar to the laboratory sera group that received a second
administration of vaccine, boosting improved the number of group 8 birds with detectable
antibody titers on day 21 (10 of 11) and those titers were higher than group 6 and 7 at day 35
and beyond (p < 0.05). By day 35, the average HlI titer in group 8 was statistically
insignificant to those of the vaccine control group and titers remained as high as those of the
vaccine controls after challenge.

Seroelevation after challenge

In addition to virus shedding, a 4-fold increase in HI titer 14 dpc was also suggestive of
infection. All birds in the naive group met these criteria, and 2 birds from the vaccine
control group increased their titers after challenge (Figure 1). Of the experimental groups,
group 6 (neat, field-derived post-vaccination antiserum) had the most animals that showed
increased titers (n=7), and group 3 (neat, laboratory-derived post-infection antiserum) had
the fewest animals with increases (n=3). Some of the animals in the vaccine control group
and groups 3-5 showed increased Hl titers but did not shed after challenge. Although
vaccination may not have been effective in preventing infection in these specific instances, it
did eliminate viral shedding. If both seroelevation and virus shedding are taken as evidence
of infection, then all birds passively immunized with field-derived post vaccination antisera
had evidence of infection despite vaccination with or without boost.

Duration of virus shedding

To estimate duration of shedding in each group, we averaged the number of swab time
points (6 total) at which group members had a positive oropharyneal or cloacal swab (only
animals that shed were included in this calculation). The naive birds had the highest average
(4.2) and group 3 (neat, laboratory-derived post-infection antiserum) had the lowest average
(2.0). Notably, group 3 also had the lowest number of animals shedding and the earliest
cessation of shedding (day 7). Groups 4 and 5 had shedding averages higher than that of the
vaccine control group (2.70 and 3.50 respectively) suggesting a longer shedding duration,
though these were not statistically significant. Groups receiving field-derived post-
vaccination antiserum also had higher averages (group 6 — 3.50 and group 7 — 3.70) and in
contrast to laboratory sera, group 7 birds statistically shed longer (p < 0.05) than the vaccine
control group suggesting the influence of maternal antibodies on duration of shedding.

DISCUSSION

The continuing difficulty in controlling low pathogenic H5N2 influenza in chickens in
Mexico with vaccination may in part be due to the influence of maternal antibody on
vaccine efficacy. In this study, we mimic the influence of maternal antibody by passively
administering antiserum and show that sera from H5N2 vaccinated chickens in the field in
Mexico is immunosupressive whereas undiluted, laboratory prepared post-infection H5N2
antiserum provides added protection from infection. The difference between the sera
provides us with the unique opportunity to investigate the mechanism responsible for this
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phenomenon in the future. Additionally, we demonstrate that multiple doses of vaccine can
partially alleviate the suppressive effect mediated by this passively acquired immunity.

Birds from the vaccine control group shed virus following challenge, despite having high HlI
titers. These findings were consistent with a recent reviews of avian influenza vaccination
practices worldwide, in which single vaccinations failed to provide a level of immunity
capable of preventing virus shedding (18). The failure was especially evident when
maternally derived antibodies were present (18,19). Although our finding that vaccinated
birds shed virus could be attributed to the lack of a boost, maternal antibodies were not a
factor because the birds were SPF and HI titers averaged 9.4 Log, on the day of challenge,
which should have provided adequate protection. The establishment of a single minimal HI
titer required for immune protection in poultry is not possible because it is dependent on a
variety of factors including species of bird and type of vaccine. Notably, HI titers required
for protection tend to be higher in SPF laying chickens than in commercial broilers and
breeders (20). Although Kumar et al. reported an association between HlI titer (>1:40 serum
dilution) and clinical protection in a study of chickens vaccinated with inactivated HSN2
prior to H5N1 challenge (21), another study showed that an HI titer of 1:120 was required
for clinical protection against highly pathogenic H5SN2 (20).

Both humoral and adaptive immune responses have been described for poultry (22).
Whereas the systemic component of the poultry humoral antibody response is well described
and similar to other species, the mucosal component and cell-mediated responses are not
well characterized (23, 24). Secretory antibodies of the poultry mucosal immune response
have long been believed to have a functional analogy with those of the mammalian secretory
immune system (i.e. secretory 1gA)(22,25). One potential explanation for the varying degree
of vaccine interference seen with the two sources of passively immunized antisera used in
this study could be the amount of IgA in the antisera (26-28). Further studies are warranted
to determine the differences between the antisera and the component(s) responsible for
interference and protection.

Our data presented here and data from others demonstrate maternal antibodies inhibit the
humoral immunity, but additional studies suggest the T cells responses remain largely
unaffected or even enhanced (29). The degree of change in both breadth and quality of cell-
mediated immunity in the face of influence of maternal immunity remains an important
subject for analysis. Additionally, it will be beneficial to explore other laboratory methods of
simulating maternal immunity in poultry that more closely resembles the levels and decline
rate of naturally acquired immunity, such as inoculating yolk antibody preparations in the
yolk sac of day old chickens (30).

We observed that the passively administered field-derived antiserum antibodies interfere
with the efficacy of influenza vaccination despite a lack of prolonged circulation of these
antibodies. We found that antibodies from sera passively administered via the IP route were
undetectable 10 days after injection — sooner than one would expect if the maternal
immunity was acquired naturally. This is perhaps not surprising, as studies have
demonstrated that the absence of detectable maternal antibodies does not necessarily mean
that antibodies are not influencing the immune response. Chicks in which maternal
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antibodies are undetectable can still be protected against disease (31,32) and undetectable
maternal antibodies have been shown to interfere with efficacy of vaccination against Al
(13). In general, maternally derived antibodies in poultry decline linearly and reach peak
titers in circulation approximately 2—3 days post hatch (10) and recent data indicates
vaccination of maternal antibody-positive chicks 10 days post-hatch or later may be the best
approach, as maternal antibodies can potentially interfere with vaccination as late as 3 weeks
post-hatch (33).

It is also important to continue to explore methods to circumvent maternal antibody
interference through better vaccination strategies. The H5 fowlpox-vectored vaccine
currently used in Mexico offers some promise because it is not inhibited by maternal
antibodies and does not interfere with routine serological surveillance; however, its efficacy
appears to be compromised by active immunity (9, 34). A recent publication by Kim et al.
offers insight into the mechanism controlling the inhibition of vaccine-induced
seroconversion by maternal antibodies in the rate model of measles virus vaccine and a way
to overcome this inhibition. They showed that maternal antibodies inhibit B cell responses
by interacting with the inhibitory FcyRIIB receptor for IgG and that this inhibition can be
partially overcome by injecting rats with virus-specific monoclonal IgM antibody, which
stimulates the B cell directly (35). This finding is not directly transferable to poultry because
only a small amount of information exists about Fc receptions in non-mammalian
vertebrates. Still, research has described the chicken Fcy receptor CHIR-ABL1 that is
expressed on B cells, binds IgY (the functional equivalent of mammalian IgG) with high
affinity, and has both activating and inhibitory motifs (36, 37). Therefore, the role of IgM in
overcoming the inhibitory effect of maternally derived antibodies should be investigated.

CONCLUSIONS

Our findings illustrate and support the paradigm that immunogenicity and protective
efficacy of inactivated avian influenza vaccination is susceptible to passively (e.g.
maternally) derived antibodies and that this likely contributes to the failure of Al vaccination
programs in Mexico. Furthermore, the suppressive effects of the antisera on the response to
vaccination differed with the source of the serum (i.e. from field vaccinated birds or
laboratory challenged birds). Antibody characterization of the two types of antisera is
needed to determine what factors may contribute to these variations. Although no
vaccination strategy has successfully escaped the influence of maternal antibodies, recent
studies appear to be progressing towards identifying the mechanism behind the suppression.
Uncovering this mechanism will guide us in developing new vaccination approaches that
can evade maternal antibody influence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Total number of animals per group that were infected post-challenge as determined by virus

shedding and seroelevation. A chicken was considered to be shedding if virus was isolated
from oropharyngeal and/or cloacal swabs on at least one occurrence. A four-fold increase in
HI titer 14 days post-challenge (compared to pre-challenge titer) was considered to be
seroelevation suggestive of infection. The total number of animals infected per group is the
combined total of animals that were shedding and/or seroelevated after challenge. Groups
are as described in Table 1. Group 1, n=9; group 2, n=9; group 3, n=10; group 4, n=11;
group 5, n=11; group 6, n=10; group 7, n=10; group 8, n=11.
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