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The growth of the poultry industry in Nigeria is constrained by major poultry diseases,
despite the implementation of vaccination programs. This study aimed to assess the level
of protection against Newcastle disease (ND), infectious bursal disease (IBD), and avian
infectious bronchitis (IB) afforded by current vaccination schedules and characterize the
circulating virus strains in commercial poultry flocks in Nigeria. A cross-sectional study
was conducted on 44 commercial poultry farms in Oyo and Kano states of Nigeria. Serum
and tissue samples and data on flock, clinical and vaccination records were collected on
each farm. Farms were classified as being protected or not protected against ND, IBD
and IB based on a defined criterion. Real-time reverse transcription polymerase chain
reaction (rRT-PCR) testing was performed for each target virus on tissue samples and
positive samples were sequenced. A total of 15/44 (34.1%), 35/44 (79.5%), and 1/44
(2.3%) farms were considered to be protected against ND, IBD, and IB, respectively, at
the time of sampling. NDV RNA was detected on 7/44 (15.9%) farms and sequences
obtained from 3/7 farms were characterized as the lentogenic strain. Infectious bursal
disease virus (IBDV) RNA was detected on 16/44 (36.4%) farms tested; very virulent
(vv) IBDV and non-virulent (nv) IBDV strains were both detected in 3/16 (18.8%) positive
samples. Sequences of IBDV isolates were either clustered with a group of genotype 3
virulent IBDV strains or were related to vaccine strains MB and D78 strains. IBV RNA was
detected on 36/44 (81.8%) farms, with variant02, Massachusetts, 4/91, and Q1 variants
detected. Sequences of IBV isolates were either clustered with the vaccines strains
Massachusetts M41 and H120 or were most closely related to the D274-like strains
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FIGURE 2 | Geometric mean antibody titer (GMT) results for each study flock for NDV (A), IBDV (B), and IBV (C). Dashed lines represent the recommended minimum
titer that is considered protective after administration of the specified vaccine in the study region: 1, ND killed virus vaccine; 2, ND live virus vaccine; 3, IBD live/killed
virus vaccine; 4, IB killed virus vaccine; 5, IB live virus vaccine. White bars represent flocks in Kano, gray bars represent flocks in Oyo. Dots and crosses at the top of
bars represent layer and broiler flocks, respectively.
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TABLE 3 | Descriptive analysis of study flocks, evaluating associations between select flock variables and flock-level protection against NDV, IBDV, and IBV.

Variable Response N NDV IBDV 1BV
Protected Not p-value®  Protected Not p-value®  Protected Not p-value?
(%) protected (%) protected (%) protected
(%) (%) (%)
State Kano 28 6(21.4) 22 (78.6) 0.044 21 (75.0) 7 (25.0) 0.548 1(3.6) 27 (96.4) 1.000
Oyo 16 9 (56.3) 7(43.8) 14 (87.5) 2(12.5) 16 (100.0)
Bird type Broiler 9 2(22.2) 7(77.8) 0.366 2(22.2) 7(77.8) <0.001 0 9 (100.0) 0.843
Layer 33 13 (39.4) 20 (60.6) 31(93.9) 2(6.1) 1(3.0) 32 (97.0)
Broiler-breeder 2 0 2 (100.0) 2 (100.0) 0 0 2 (100.0)
Flock size <200 1 0 1(100.0) 0.377 0 1(100.0) 0.096 0 1(100.0) 0.627
200-<500 7 1(14.3) 6 (85.7) 5(71.4) 2 (28.6) 0 7 (100.0)
500-<2,000 10 2(20.0) 8(80.0) 8 (80.0) 2 (20.0) 1(10.0) 9(90.0)
2,000-<5,000 12 6 (50.0) 6 (50.0) 11 (91.7) 1(8.3) 0 12 (100.0)
5,000-<15,000 13 6 (46.2) 7 (53.8) 11 (84.6) 2 (15.4) 0 13 (100.0)
>15,000 1 0 1(100.0) 0 1(100.0) 0 1(100.0)
Mortality/week <5 23 7 (30.4) 16 (69.6) 0.327 19 (82.6) 4(17.4) 0.319 14.3 22 (95.7) 0.968
5-9 8 4 (50.0) 4 (50.0) 7(87.5) 1(12.5) 0 8(100.0)
10-19 3 0 3(100.0) 2 (66.7) 1(33.3) 0 3(100.0)
20-49 7 4(57.1) 3(42.9) 6 (85.7) 1(14.3) 0 7 (100.0)
50-99 1 0 1(100.0) 0 1(100.0) 0 1(100.0)
>100 2 0 2 (100.0) 1(50.0) 1(50.0) 0 2(100.0)
ap-value according to Pearson’s Chi-squared test.
TABLE 4 | rRT-PCR results by tissue type tested.
Virus Total (n = 44) Tissue type tested
Bursal tissue? Cloacal swab and Tracheal swab and Caecal tonsil®
proventriculus?® oropharyngeal swab?
NDV positive 7 (15.9%) - 5/7 (71.4%) 6/7 (85.7%) -
IBDV positive 16 (36.4%) 16/16 (100.0%) - - -
IBDV_nv 3/16 (18.8%) 3/16 (18.8%) - - -
IBDV_wv 3/16 (18.8%) 3/16 (18.8%) - - -
IBV positive 36 (81.8%) - - 23/36 (63.9%) 35/36 (97.2%)
BV 4/91 1/36 (2.3%) - - 1/23 (4.3%) 0
IBV Massachusetts 2/36 (5.6%) - - 1/23 (4.3%) 1/35 (2.9%)
IBV Variant 02 11/36 (30.6%) - - 6/23 (26.1%) 11/35 (31.4%)
1BV D1466 0 - - 0 0
1BV D274 0 - . 0 0
IBV Italy 02 0 - - 0 0
IBV Arkansas 0 - - 0 0
IBV IB80 0 - - 0 0
BV Q1 2/36 (5.6%) - - 0 2/35 (5.7%)
1BV QX 0 - - 0 0
IBV: typing not possible 21/36 (58.3%) - - 15/23 (65.2%) 21/35 (60.0%)

—: Not done—sample type was not tested for this virus.

@Fach tissue type was collected from two birds per farm and pooled as one sample. Samples consisting of two tissue types are pooled from the same two birds.

was detected in 3/12 (25.0%) layer flocks, 1/2 (50%) broiler
flocks, and 1/2 (50.0%) broiler-breeder flocks. In Kano, IBDV
RNA was detected in 7/21 (33.3%) layer flocks, and 4/7
(57.1%) broiler flocks. Additionally, IBDV RNA was detected

in more younger layer flocks than older flocks (p = 0.004),
and a significant difference was observed in the detection
of IBDV RNA between levels of bird mortality (p = 0.030)
(Table 1).
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Of the IBDV positive samples (n = 16), the very virulent
(including the intermediate plus) strain (vwIBDV) was identified
in three bursal tissue samples [Oyo = 1 (broiler flock), Kano =
2 (1 broiler flock, 1 layer flock)]. The non-virulent (including
the intermediate) strain (nvIBDV) was identified in three bursal
tissue samples (one broiler flock, two layer flocks), all from
farms in Oyo state (Table 4; Supplementary Figure 1). A total of
10/16 IBDV positive samples could not be detected by either the
vvIBDV or nvIBDV pathotyping assays.

Of the flocks that were considered as protected against IBD,
IBDV RNA was detected in 4/13 flocks [30.8%, (one broiler-
breeder flock, three layer flocks)] in Oyo and 7/21 [33.3%, (two
broiler flocks, five layer flocks)] broiler flock in Kano (Table 1;
Supplementary File 1).

1BV

IBV RNA was detected on 36/44 (81.8%) farms; on more farms
in Kano (25/28, 89.3%) than in Oyo (11/16, 68.8%) (Tables 1,
4; Supplementary Figure 1; Supplementary File 1), and in a
higher proportion of broiler flocks (8/9, 88.9%) than layer flocks
(26/33, 78.8%), although these differences were not significant.
In Oyo, IBV RNA was detected in 8/12 (66.7%) layer flocks, 1/2
(50.0%) broiler flocks, and 2/2 (100.0%) broiler-breeder flocks. In
Kano, IBV RNA was detected in 18/21 (85.7%) layer flocks, and
7/7 (100.0%) broiler flocks.

Of the 36 IBV positive samples, IBV RNA
was identified in both sample types on 22 farms
(Table 4; Supplementary Figure 1), only in the pooled

tracheal/oropharyngeal swab on one
cecal tonsil on 13 farms.

Four strains were detected in the birds sampled (Table 4;
Supplementary Figure 1). These included Variant02 which was
detected on 11 farms (three broiler flocks, eight layer flocks) in
Kano; Massachusetts, which was detected in one broiler flock
in Kano and one broiler farm in Oyo; 4/91, detected in one
layer flock in Oyo; and Q1, detected in one broiler-breeder layer
flock in Oyo. One sample collected in a broiler flock in Kano
was positive for both Variant02 and Massachusetts strains. The
strains of IBV could not be typed in samples from 7/11 (63.6%)
farms where IBV was detected in Oyo, and 14/25 (56.0%) farms
in Kano.

IBV RNA was not detected in any samples from the one layer
flock considered to be protected against IB.

Both IBV and NDV RNA were detected on the same six
farms [Oyo:1 (layer flock), Kano:5 (two broiler flocks, three layer
flocks)], and 5/6 of these were detected in the same pooled
samples (tracheal and oropharyngeal swab) (Figure 3). Both IBV
and IBDV RNA were detected on the same 15 farms [Oyo: 4 (one
broiler flock, one broiler-breeder flock, two layer flocks), Kano:11
(four broiler flocks, seven layer flocks)]. Both NDV and IBDV
RNA were detected on the same three farms [Kano: 3 (one broiler
flock, two layer flocks)]. There were three farms (Farms 2, 15, and
16) where all three viruses were detected by rRT-PCR.

farm, and in only the

Sequence Analysis

NDV

Sequences were obtained from the pooled oropharyngeal and
tracheal swab samples collected from two farms (Farm 2, sample

IBV NDV

IBDV

FIGURE 3 | Venn diagram showing the number of study flocks where a
sample tested positive for NDV, IBDV, and/or IBV RNA by rRT-PCR.

ref: A1920457.030 and 7, sample ref: A1920457.035) in Kano
and one farm (Farm 34, sample ref: A1917188.022) in Oyo, that
were positive by the NDV rRT-PCR. Based on the sequences
of the fusion (F) protein gene, the sequenced strains were
assigned to the lentogenic PMV-1 strains. The NDV sequences
were not of sufficient quality to perform phylogenetic analyses.
(Sequences are soon to be submitted to GenBank, NCBI to obtain
accession numbers).

IBDV

VP1 and VP2 sequences were obtained from the bursa samples
collected from two farms (Farm 1 and 19) in Kano (identified by
RT-PCR as from the vvIBDV strain) and only the VP2 sequence
from one farm (Farm 35) in Oyo (identified as from the nvIBDV
strain), that were positive by the IBDV rRT-PCR. In comparison
with known vaccine and field strains, the VP2 sequences obtained
from isolated RNA from Farm 1 (sample ref: A1920457.057)
clusters with the group of genotype 3 virulent IBDV strains
previously reported from Africa (Figure 4).

In comparison with known vaccine and field strains the
sequence obtained from Farm 19 (sample ref: A1920457.075) was
identical to the MB vaccine strain, and the sequence obtained
from Farm 35 (sample ref: A1917188.027) was most closely
related to the classically attenuated vaccine strain D78 (Figure 4).

IBV
Sequences were obtained from two pooled oropharyngeal and
tracheal swab samples (Farm 16: Kano, Farm 35: Oyo) and three
cecal tonsil samples (Farms 7, 11, and 12: Kano) that were positive
by the IBV rRT-PCR.

Based on phylogenetic analysis of the SI-spike protein of IBV,
the sequences obtained from Farm 16 (sample ref: A1920457.044)
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FIGURE 4 | Maximum likelihood phylogenetic tree of a 394 nucleotide region of 29 sequences showing the relationships between the IBDV isolates obtained from
Farms 1 (sample ref: A1920457.057), 19 (A1920457.075) and 35 (A1917188.027) for the VP2 gene implemented in MEGA-X. Study sequences are shown in red.
Bootstrap values (percentage of 500) over 85 are shown. GT: genotype (GT1, classical pathotype; GT2, antigenic variant; GT3, wiIBDV; GT4, dIBDV; GT5,

and Farm 35 (sample ref: A1917188.026) clustered with the
Massachusetts strains M41 and H120, commonly used in live
IBV vaccines (up to 100.0% nucleotide identity over the region
studied) (Figure 5). Samples from farms 16 and 35 were also
positive on the Massachusetts IBV strain-specific rRT-PCR assay,
and Farm 16 was also positive on the Variant 02 assay.

The sequences obtained from Farm 7 (sample ref:
A1920457.091) and Farm 11 (sample ref: A1920457.095)
were similar, and most closely related to the D274-like strains,
including one isolate previously detected in Nigeria in 2006.
Samples from farms 7 and 11 were positive on the Variant 02
strain-specific rRT-PCR assay.

The sequence obtained from Farm 12 (sample ref:
A1920457.096) was most closely related to a clade of sequences
detected in commercial and back yard poultry in Nigeria and
Niger in 2006 and 2007 (19). The sample from farm 12 was not
positive on any of the strain-specific rRT-PCR assays.

DISCUSSION

Despite the use of vaccination programs, ND, IBD, and IB
continue to severely limit the poultry industry in Nigeria.
This study aimed to assess the level of protection against ND,
IBD, and IB currently afforded by routine vaccination practices
on commercial poultry farms. The intent was to evaluate the

serology results including the GMT antibody titers, not in
isolation, but with respect to vaccination and select relevant
parameters as described previously in the methods section, to
determine if a given flock had adequate protection against each
disease at the time of sampling. Additionally, this study aimed to
characterize circulating strains of NDV, IBDV, and IBV, so that
the results may inform effective vaccine selection.

NDV

All farms visited in Kano and Oyo states reported administering
NDV vaccines, and as expected, the number of doses of vaccine
administered varied by bird type (broilers vs. layers). The
differences in the number of doses of vaccine administered by
bird type may be due to differences in the age of the birds
at the time of the study visit, differences in timing of routine
vaccination on each farm, and/or revaccination conducted
following suspicion of NDV outbreaks on some farms. However,
it is unknown why there was a significant difference between the
number of NDV vaccine doses between the two states. The LaSota
NDV vaccine strain was the most commonly administered, on
86.4% of farms in the study areas. The reasons for this finding
are not clear, it may be that this vaccine was the most easily
obtained, or the most cost-effective, hence the high uptake of this
vaccine strain. Other NDV strains including Hitchner B1 and
Komarov were also reported in the current study. Vaccination
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FIGURE 5 | Maximum likelihood phylogenetic tree of a 470 nucleotide region of 32 sequences implemented in MEGA-X, showing the relationships between the IBV
isolates obtained from Farms 7 (sample ref: A1920457.091), 11 (A1920457.095), 12 (A1920457.096), 16 (A1920457.044), and 35 (A1917188.026), based on the
amplified partial nucleotide sequence coding for the S1-spike protein of Infectious Bronchitis Virus (IBV) and selected reference sequences. Study sequences are
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schedules that involve the administration of Hitchner B1, LaSota,
and Komarov strains have been reported in Nigeria (27, 28), and
combinations of these strains as live and inactivated oil-emulsion
vaccines have been shown to induce high NDV antibody titers
indicative of protection (27, 29).

However, despite the high uptake of NDV vaccination on
the study farms, only 15/44 (34.1%) flocks were considered as
protected against ND, with the remaining flocks considered as
not protected and therefore at risk of exposure to NDV field
challenge. Interestingly, the number of flocks considered as
protected against ND was significantly higher in Oyo (56.3%)
than in Kano state (21.4%). There was no significant difference in
the protection status by bird type. Newcastle disease viral RNA
was not detected in any of the 15 flocks that were considered
protected but was detected in 7/29 (24.1%) flocks considered not
protected; 5/28 (17.9%) in Kano and 2/16 (12.5%) in Oyo, and in
more broiler flocks than layer flocks, although these differences
were not significant. Previous studies conducted on individual
chickens (rather than by flock) in other regions of Nigeria have
reported isolation of NDV from 3.2% of healthy, unvaccinated
commercial poultry in Nsukka, Enugu state in the South (30)
and from 30.8% of domestic chickens in Yobe state in the North
(31). In the current study, a higher proportion of farms in the
North were reported to have circulating NDV compared to the
South of Nigeria, and this was supported by the serology data.

The reasons for these regional differences are not clear but may
be due to potential differences in management; farms in the south
are larger and therefore expected to have better developed and
organized vaccination programs.

Following detection of NDV RNA by real-time RT-PCR,
sequences identified as the lentogenic PMV-1 strain were
obtained from samples collected from two flocks in Kano
state with broiler and layer flocks and one broiler flock in
Oyo. Lentogenic strains of NDV have been identified and
characterized from samples collected in Oyo and Kano states
previously (15, 32). None of these three affected flocks (Farms
2, 7, and 34) were considered as protected against NDV despite
receiving prior NDV vaccination, leaving the birds vulnerable
to field challenge. At least two doses of the Izovac live vaccine,
containing the LaSota strain (a lentogenic strain), had reportedly
been administered to both flocks in Kano (Farms 2 and 7),
and one dose of the Hester NDV live vaccine, containing the
R2B strain (a mesogenic strain) was reported to have been
administered to the flock in Oyo (Farm 34). It is likely that the
strain detected on Farm 34 was the result of a field challenge,
due to the difference in strain types between what was detected
(lentogenic) and that vaccinated against (mesogenic), although
the farmer did not report any clinical signs or mortalities. This
highlights the importance of understanding circulating strains in
a region, so that vaccination programs can be suitably informed
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and utilized. On Farms 2 and 7 at the time of sampling, farmers
reported respiratory distress, and mortalities of three and two
birds per week, respectively. On Farm 7, and as assumed on Farm
2 (due to incomplete reporting), the last dose of live NDV vaccine
had been administered <10 days previously, and consequently
it is possible that birds may have been clinically affected by,
and/or were excreting vaccine virus, hence the lentogenic strain
observed via sequencing. Indeed, previous reports have indicated
that viral replication and excretion may occur due to the vaccine
virus itself, consequently resulting in subclinical infection (30,
33). Additionally, in the current study, co-infections of NDV
with IBV were observed in 6 flocks, as has been previously
reported (34, 35). Also, co-infections of NDV and IBDV were also
observed in three flocks, which may be the first observation of this
in Nigeria. Therefore, it is possible that any clinical signs/death
observed may have instead been due to IB or IBD.

IBDV

In Kano and Oyo states, 79.5% (35/44) of the flocks were
considered as protected against IBD. Although all farms in Kano
reported vaccinating their birds with IBDV vaccine, only 75%
(21/28) of these flocks were considered as protected; 19/21 were
layer flocks and 2/21 were broiler flocks. Many of the flocks
(57.1%) were older than 16 weeks at the time of sampling, and
were therefore considered protected, as they were no longer
susceptible due to regression of the bursa by this age (36). Seven
of the 28 flocks in Kano were considered not protected against
IBD; five were broiler flocks aged between 4 and 7 weeks, while
two were layer flocks aged 6 and 7 weeks. In Oyo state, only 25%
(4/16) of farms reported administering IBDV vaccine, however,
14/16 flocks (2 broiler-breeder flocks and 12 layer flocks) were
considered protected due to the age of the birds, and all of these
had GMT antibody titers above the recommended minimum.
The 2/16 flocks considered not protected were broiler flocks aged
2 and 3 weeks.

All nine flocks considered not protected against IBD across
both states were therefore considered at risk of exposure to IBDV
field challenge. IBDV RNA was detected on five of these farms
[Farm 35 in Oyo (nvIBDV) and Farms 1 (vwIBDV), 8, 16, and
24 in Kano], suggesting there was circulating IBD virus on the
study farms at the time of the sampling. This was supported
by sequencing results, where sequences from Farm 1 were most
closely related to a clade of vvIBDV previously reported in
Africa (37). Additionally, the VP2 sequence from this farm
was closely related to reported strains belonging to a unique
cluster of northwest Nigerian field IBDV strains isolated from
Kaduna and Katsina states, both of which neighbor Kano state
region (38-40). The detection of the VP2 sequence on Farm 1,
in a similar geographical location to previous reports suggests
local circulation of this strain in this region. This farm had
administered two doses of live IBDV vaccine, but not all birds
had sufficient antibody titers, and the farmer reported high levels
of bird mortality in the flock and suspected an IBD outbreak.
The vaccine reported to have been used on this farm was the
Cevac live vaccine containing the 2,512 strain and was not closely
related to these northern Nigerian strains, and therefore antigenic
difference may be the reason for vaccine failure in this flock.

Therefore, the choice of vaccine should be carefully considered by
veterinarians and farmers based on the known circulating strains
in a region.

Both pathotypes of IBDV (nvIBDV and vvIBDV) were
identified in Oyo state, whereas only the vv strain was identified
in Kano state. This may suggest differences in viral circulation
between the two regions; however, both strains have been
reported in both Northern and Southern Nigeria (40). For
example, the vv strain has previously been identified in Kaduna
and Plateau states which are the Southern neighbors of Kano
state (41, 42), and in Oyo state in Southern Nigeria (43).
Unfortunately, some of the samples positive by the IBDV
screening rRT-PCR assay could not be typed, and therefore it is
difficult to rule out that some of these samples from Oyo were the
Vv strain.

Of the 35 flocks considered as protected against IBD, IBDV
RNA was detected on four farms in Oyo and seven farms in
Kano. Farm 19 in Kano State was the only farm considered as
protected on which IBDV RNA (IBDV vv strain) was detected
and a sequence could be obtained. This flock had birds aged 5
weeks and GMT IBDV antibody titers above the recommended
minimum of 2000, with 18/18 (100%) birds above the minimum
titer. These serology results indicate that previous vaccination
on this farm was successful in stimulating a good antibody
response. The IBDV VP2 sequence obtained from RNA isolated
from this farm (Farm 19) was 100% identical to the MB
vaccine strain. This farm reported vaccination with two doses
of the live Biovac (Fatro, Italy) vaccine containing the Virgo7
intermediate strain. It is possible that the farmer or supplier
may have mistaken the vaccine strain given to the birds or
there was a recall error, and the viral RNA detected may be
vaccine derived, especially considering that the last vaccination
was administered <2 weeks prior to sampling. Owoade et al.
(43) reported that the MB vaccine was closely related to many
IBDV strains isolated from Nigeria, and there have been many
other reports of similar sequences of field isolates and IBDV
vaccine strains (38, 44, 45). Inaccurate reporting may also have
been the case on Farm 35, where the VP2 sequence obtained was
closely related to those of several vaccine strains. Alternatively,
it is possible that these vaccine strains may be circulating in
these flocks having potentially reverted to virulence. Adamu et
al. suggested that IBDV strains may mutate, but maintain their
identity on the VP2 region (38). Additionally, challenges with
storage or administration of the vaccine administered may have
resulted in reduced vaccine effectiveness on this farm, allowing
for the circulation of this strain. These findings highlight the
need to conduct studies that investigate causes of vaccine failure
on farms.

Interestingly, five of the flocks (one broiler-breeder and four
layer flocks) considered as protected where IBDV RNA was
detected were aged 18, 23, 26, 33, and 42 weeks old. This is
surprising considering that birds aged 14-16 weeks or more are
thought to be no longer susceptible to IBD due to regression
of the bursa by this age (36). The detection of IBDV RNA in
birds aged 16 weeks or more has been documented previously.
In 1981 Okoye and Uzoukwu (46) observed IBDV in chickens
aged 20 weeks old. In the current study, IBDV RNA was detected
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in one flock aged 42 weeks, which may be the oldest flock from
which IBDV RNA has been reported to be detected. Sequences
could not be obtained for the IBDV isolates from these five farms,
however, it is possible that the viral RNA detected may have been
present as a result of recent vaccination against IBDV, as was
likely the case on the farm in Kano (Farm 19). Although IBDV
vaccination records were not provided for four of these flocks
(and therefore they were assumed not to be vaccinated), the GMT
IBDV antibody titer was above the recommended minimum of
2000, and 18/18 birds (100%) for flocks aged 18, 23, 26, and
33 weeks, and 17/18 (94%) birds for the flock aged 42 weeks
were above the minimum titer, suggesting that these flocks were
actually vaccinated against IBDV.

Additionally, contamination of samples from the
environment cannot be ruled out as a reason for detection
of IBDV RNA in these flocks considered as protected, for
example from viral RNA present in the air, dust, fecal matter,
or bed litter (47, 48), especially on farms with inadequate
biosecurity measures in place to stop the introduction of virus
from external sources such as free-roaming village chickens.

IBV

Less than 50% of farms reported IBV vaccination, and most of
the flocks were not considered as protected against IB except
for one (2.3%) in Kano. It is possible that farmers have little
awareness of IB, which may also explain the low uptake of
vaccination in the study areas. Interestingly, more farms in Oyo
state vaccinated their birds against IBV than in Kano, in contrast
to the IBDV vaccination uptake. The reasons for this difference
are not clear, but it may be linked to the more advanced poultry
industry in Oyo, which houses up to 70% of Nigeria’s poultry,
or to differences in vaccine market distribution, availability
of diagnostic laboratories to diagnose IBV, veterinary provider
awareness of IBV, and availability of extension services, with Oyo
at an advantage compared to Kano.

One layer flock (Farm 3) in Kano was considered as protected
against IB and IBV RNA was not detected in birds sampled on
this farm. The GMT antibody titer and the titers of all the birds
sampled in this flock were above the reccommended minimum of
6,000 for IBV classic live strain. However, only 2/18 birds had an
antibody titer above the recommended minimum of 15,000 for
killed IBV vaccine. Although IBV vaccination records were not
provided for this farm, the observed antibody titers suggest that
this flock may have received at least one dose of IBV vaccine that
was not reported by the farmer. It is possible that this may be due
to misinformation or unawareness of multivalent vaccines, and
therefore IBV may have been unknowingly present in a vaccine,
that the farmer may have mistaken for a monovalent vaccine.
Alternatively, it is possible that previous IBV field challenges had
occurred resulting in birds producing high levels of IBV antibody.
Indeed, some of the flocks that were not considered as protected
had IBV GMT antibody titers above the recommended minimum
titers of 6,000 and 15,000 after vaccination, despite no reported
record of IBV vaccination.

IBV RNA was detected on 36/44 (81.8%) farms; detected on
more farms in Kano (25/28, 89.3%) than in Oyo (11/16, 68.8%),
and in a higher proportion of broiler flocks (8/9, 88.9%) than

layer flocks (26/33, 78.8%) although these differences were not
significant. Studies investigating viral prevalence of IB in Nigeria
are limited, however, evidence of IBV has been detected in many
states of Nigeria including Oyo, Ogun, Lagos, Kano, Kaduna,
Sokoto, and Yobe states (19, 31), suggesting a wide distribution,
and the requirement for further epidemiological investigation
including the circulating strains.

Of interest in this study, there were several cases where IBV
and NDV, IBV, and IBDV, or NDV and IBDV were detected
on the same farms, as has been reported previously (35, 49).
Additionally, in three flocks, co-infection of all three viruses
was observed. Unfortunately, due to the pooling of samples, it
is unknown whether these were all present in the same bird;
however, presence of the three viruses in the same flock indicates
the importance of an effective vaccination schedule, alongside
other control measures such as farm biosecurity.

When IBV positive samples were typed using 10 variant-
specific rRT-PCR assays, the Massachusetts strain was detected
in both Kano and Oyo states. Interestingly however, Variant02
was detected in 11/25 (44.0%) IBV positive samples in Kano,
but not in any of the 11 positive samples in Oyo, whereas 4/91
and Q1 variants were only detected in Oyo state, highlighting a
potential regional difference in viral circulation. Unfortunately,
sequences could not be obtained for many of the samples due to
a low level of RNA, particularly those from Oyo typed as 4/91 or
Q1, which would have been useful to provide more information
on the source of these viral variants.

One pooled sample from a broiler flock (Farm 16) in Kano
tested positive for both Variant02 and Massachusetts by variant-
specific rRT-PCR. This isolate was identified through sequence
analysis as being part of the Massachusetts variant, and clustered
with vaccine strains M41 and H120. However, this farm had not
reported vaccination against IBV and none of the birds on this
farm had an IBV antibody titer over the recommended minimum
for classic or variant strain vaccines, and therefore a natural
infection in the flock at the time of sampling may have been
likely in this flock. Indeed, the Massachusetts IBV variants have
been reported to cause sporadic IB outbreaks in the commercial
poultry industry in many African countries and may circulate
sub-clinically (20, 21). Alternatively, it is possible that farmer
reporting regarding vaccination was inaccurate, and that the
viral RNA detected may have been vaccine derived. This may
also have been the case on Farm 35 (in Oyo), where sequence
analysis of this isolate was also typed as the Massachusetts variant
and clustered with vaccine strains M41 and H120. Indeed, this
farm had reported administering the Izovac IB H120 vaccine <2
weeks prior to the time of sampling. Evidence of the continuing
evolution of IBV has been reported resulting in outbreaks in
vaccinated poultry, including reversion of vaccine strains to
virulence which may have occurred on these farms, and the
recombination of several strains (50, 51).

On two other farms in Kano (Farms 7 and 11), IBV isolates
detected were closely related to vaccine strain D274. This flock
was not considered protected, and none of the birds had an IBV
antibody titer over the recommended minimum for classic or
variant strain vaccines. Persistence of the latter isolate has been
reported in flocks vaccinated with H120 (52-54), and although
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this farm had no reported record of IBV vaccination, at least
eight other farms in this study reported using this vaccine,
and therefore it is possible that there was circulation of this
vaccine strain, or RNA detected was derived from unknowingly
administered vaccine.

On Farm 11, the flock had a GMT IBV antibody titer of
>13,000, above the recommended minimum for the classic
strains live vaccine, but below that for the IBV variant strain
vaccines (15,000), and therefore was not considered protected.
The sequence obtained from Kano (Farm 12) clustered as part
of a new QX-like “IBADAN” genotype, distinct to Nigeria.
When first identified, these IBADAN strains formed location
clusters found in south-western Nigeria. It is possible that
the geographical range of this “south-western IBADAN strain”
has expanded to the north, supported by our data which
revealed a closely related isolate in the northern state of Kano.
However, it is also possible that there was also a “northern
Nigeria® cluster (19), and that the isolate sequenced in our
study may in fact be more closely related to these strains.
There is limited information regarding the pathogenicity of this
new IBADAN genotype, or effectiveness of vaccines against it,
however, as yet, it has not been associated with clinical disease
(17, 20). In our study, clinical disease was not reported in
the flock where this sequence was obtained, and the farmer
had reported vaccination with the polyvalent Izovac killed
vaccine (ND + IB + egg drop syndrome, containing IBV
strain Massachusetts M41). Antibody titers in the sampled
birds in this flock were poor, which in addition to antigenic
differences to the vaccine strain, may help explain why these
birds were infected with this potentially avirulent variant, despite
vaccination. Interestingly, IBV RNA was detected on 15 of 21
farms that had reported vaccinating against IBV at least once.
As sequences could not be obtained from these isolates, and
some could not be typed, it is unknown which strain these
were and whether they were vaccine derived, or the results of
vaccine failure.

Vaccination failure has previously been reported for IBV,
and may have many causes, for example problems with
formulation, storage, administration (55, 56), and, as discussed
above, antigenic differences between vaccine and circulating
strains resulting in incomplete protection (57-59). A vaccine
may perform well in experimental studies, providing protection
against either a homologous or heterologous challenge virus.
However, these studies have important limitations, especially
where specific-pathogen-free birds are utilized for experimental
studies that may not represent the immune history of birds
being vaccinated in the field, for example where maternally
derived antibodies may interfere with the immune response
(57, 58). Additionally, the thermo-instability of many vaccines
may mean that a lack of cold chain storage may lead to
degradation of vaccine components (60, 61). Indeed, problems
with the maintenance of a cold chain for vaccine storage,
and vaccines purchased a long distance from the farm
were challenges reported by farmers as part of this project
(Ekiri et al., in preparation). Incorrect reconstitution, dilution,
timing and administration may also reduce the efficacy of a

vaccine. Thus, studies evaluating the performance of vaccines
in the field are crucial and are needed to help identify
the cause of potential vaccine failures. Results from such
studies, as well as further studies investigating circulating
strains, may inform appropriate vaccine use in the field and
future vaccine development. Additionally, findings from this
study suggest there is a need for poultry farmer training
and extension services focused on the importance of poultry
vaccination, as well as appropriate vaccine handling and
correct administration.

Study Limitations

Although the data collected on some parameters reflects
what was reported by farmers, it is possible that these data
may have been biased or inaccurate, for example data on
clinical records, time since last vaccine, records of specific
vaccination (against NDV, IBDV, IBV), type of vaccine (live
or killed vaccine), number of vaccine doses received, and
vaccine strain administered. Where data was not available,
clinical, or vaccine records were assumed to be absent,
however, it is likely that some data may be incorrect based
on observations of antibody titers, as discussed previously.
Clinical and vaccine record data were collected through recall
or use of farm records where available, and some data were
either incomplete or missing. It is also possible that some
of the information collected was prone to recall bias; for
example, some of the farmers did not have a record of
vaccines administered previously or records were incomplete
or unavailable and therefore had to rely on memory alone.
Incomplete data may have also impacted upon the conclusions
made regarding whether a flock was protected against a
particular disease. In addition, the authors recognize the
definitions used for protection were not perfect and were prone
to weaknesses/subjectivity.

In addition to data on clinical records, post-mortem
examinations were performed on sick/dead birds. However, data
regarding post-mortem lesions were not systematically collected,
which would have been useful in the clinical diagnosis of disease
present on the study farms, together with RT-PCR data. Further
typing rRT-PCR data, or more sequences could not be obtained
from positive samples for each of the three pathogens. For some
samples, sequences obtained were not of sufficient quality, and
for other samples, Cr-values were high (>30) and therefore
sequencing was not attempted due to the lower likelihood of
returning a quality sequence.

Serum and tissue samples were collected from only 18
live birds and 2 sick/dead birds per farm, respectively. Study
flock sizes varied from 100 to 16,088 birds and keeping
sample sizes consistent over this large range may have biased
results, and therefore results may be less representative of
larger flocks. However, these sample sizes were considered
appropriate given the budget and resources available for the
project, and the authors feel that given the assumed biases,
the results still provide useful information on which to build
upon in further studies. Additionally, this study was limited
to farms in only two states of Nigeria based on the study
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design and available budget resources. Oyo and Kano states
were chosen as they were considered to be representative of
states with large commercial poultry production in the south
and north regions of the country, respectively. Although, the
results from this study may also be relevant to other states,
geographical differences were observed in this study, and
therefore different strains may be circulating, or vaccination
practices may differ, in different areas of Nigeria. Consequently,
further studies should be conducted to investigate these factors in
other states.

CONCLUSIONS

This study assessed the level of protection according to antibody
titers and identified the circulating strains of NDV, IBDV, and
IBV on commercial poultry farms in Kano and Oyo States.
Almost all the 44 study flocks did not have adequate protection
against IB, and many did not have adequate protection against
ND (despite vaccination) at the time of sampling, although
more farms were considered to have adequate protection against
IBD. Consequently, study findings suggested that many of
the birds were at risk of field challenge to IBV and NDV.
Additionally, IBDV and IBV RNA were detected on farms
with a record of vaccination suggesting potential apparent
vaccination failure or mismatch of vaccine and circulating
strains. Studies evaluating the performance of vaccines in
the field and those investigating the circulating strains are
crucial to inform appropriate vaccine use in the field and
future vaccine development. Such investigations could be
supported with government funding for reference laboratories,
to enable rapid detection and molecular epidemiological tracing.
Adoption of appropriate vaccination programs should also
be carefully considered by veterinarians and farmers based
on the known circulating strains in a region, combined
with sero-monitoring.

Finally, considering the wide and varying distribution of
inadequate antibody titer protection especially against IBV
and NDV, and the detection of field and vaccine strains on
poultry farms in both Kano and Oyo states, it is important
to consider training and education of farmers and poultry
veterinarians on topics relevant to vaccination, such as designing
appropriate vaccination programs, how to conduct and benefit
from sero-monitoring, appropriate vaccine handling, storage,
and application, and how to minimize the risks of vaccine
failure. Indeed, as part of this study, specific recommendations
were provided to each farm which included working with
a poultry veterinarian to develop and revise the vaccination
programmes based on known circulating strains, and to sero-
monitor the flocks to assess the effectiveness of the administered
vaccines. Putting these recommendations into effect, alongside
those mentioned above may reduce the burden of these
diseases and subsequently help improve poultry productivity
and food security. It is important however, to consider the
potential impact of challenges related to vaccine distribution and
access to farmers and veterinarians especially in geographically
distant regions.
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