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Abstract

Newcastle disease and heat stress reduce the productivity of local chickens of Nigeria (LCN). This study compared the anti-
body response to Newcastle disease and heat tolerance among different LCN genotypes in hot humid tropics using multivari-
ate discriminant analysis. A total of 299 birds were used for the study. Geometric mean titre against Newcastle disease before
vaccination (GMTB), geometric mean titre against Newcastle disease after vaccination (GMTA), rectal temperature at week
4 (RT4), pulse rate at week 4 (PR4), respiratory rate at week 4 (RR4), heat stress index at week 4 (H4), rectal temperature at
week 13 (RT13), pulse rate at week 13 (PR13), respiratory rate at week 13 (RR13) and heat stress index at week 13 (H13)
were measured. All the traits were significantly (p < 0.05) affected by the genotype while sex differences were only observed
in GMTB, GMTA and RR13. The stepwise discriminant analysis revealed RR4, PR13, RT13, H4, GMTA, GMTB, H13 and
RT4 to be effective in differentiating the three chicken genotypes. Two canonical variables that accounted for 60.21% and
39.79% of the total variation were revealed. Linear discriminant functions for differentiation of the three chicken genotypes
were also developed. 87.39% of normal feather, 76.58% of naked neck and 100% of frizzle feather chickens were correctly
assigned into their genotypes. The longest Mahalanobis distance was observed between normal feather and frizzle feather
chickens. The discriminant functions developed in this study could be used to differentiate the three genotypes of LCN using
antibody response to Newcastle disease and heat tolerance.
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Introduction

The role of native poultry in the diet of man is very essential
in all countries, particularly in developing countries where
the bulk of the populace reside in rural parts and survive on
village birds as the main supply of animal protein (Padhi
2016). For instance, the Nigerian poultry industry comprises
about 180 millions birds. About 83 million of the birds are
raised in free-range system, 59 million in semi-intensive
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system and the remaining 38 million birds are raised in
intensive system (FAO 2019).

The local chickens of Nigeria (LCN) are mainly reared for
meat and egg production (Manyelo et al. 2020). They are of
three genotypes which are normal feather, naked neck and
frizzle feather. They are found in all parts of Nigeria and
represent a considerable part of the Nigerian rural wealth
and also of the national economy (Wong et al. 2017). They
are self-reliant and can survive on little inputs (Egahi et al.
2010).

The hot environment where LCN are found is charac-
terized with high rate of infectious disease (Polgreen and
Polgreen 2018) and harsh weather conditions. Newcastle
disease is one of the diseases that limit the productivity
of LCN and this may be due to the fact that the causative
organism of Newcastle disease can survive for many days
in a hot and wet environment, on birds’ feathers and drop-
pings (Alexander 2012). It is a key viral disease of seri-
ous economic significance in chickens (Wulan et al. 2017)
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and one of the utmost disease constraints to the growth of
backyard chicken production in tropical regions (Ashraf and
Shah 2014). Lethal strains of Newcastle disease virus can
wipe off chicken flocks with or without clinical symptoms
particularly in unvaccinated chickens. The disease has also
been reported in vaccinated chickens, probably due to vac-
cine failure (Shittu et al. 2016). Hundred percent prevalence
of Newcastle disease was reported by Bobbo et al. (2013) in
Adamawa State, Nigeria, for normal feather, naked neck and
frizzle feather Nigerian local chickens, respectively. Unigwe
et al. (2020) reported 13.56% prevalence of Newcastle dis-
ease in normal feather Nigerian local chickens raised in
Ibadan, Oyo State, Nigeria. Balami et al. (2014) reported
36.7% prevalence of Newcastle disease in local chick-
ens raised in Borno State, Nigeria; Wakawa et al. (2014)
reported 29.1% Newcastle disease prevalence in Nigerian
local chickens raised in Kaduna State of Nigeria while Lawal
et al. (2015) reported 55.5% prevalence in local chickens
raised in Gombe State, Nigeria.

Aside Newcastle disease prevalence in the tropical envi-
ronments such as Nigeria, heat stress from high tempera-
ture and humidity is also a risk to the maximization of high
potential of LCN. Heat stress is one of the key factors affect-
ing intake, weight gain, mortality rate and profitability of
livestock species (Idris et al. 2021). A rise in the respiratory
rate is the primary observable sign that chickens make in
reaction to heat stress. Changes in rectal temperature, heart
rate also known as pulse rate and respiratory rate are used
as physiological indices of heat stress (Adedeji et al. 2015).
These physiological indices are easy to assess, cheap to
measure and less invasive.

The present study aimed to compare the antibody
response to Newcastle disease and heat tolerance among the
different LCN genotypes raised in hot humid tropics using
multivariate discriminant analysis. The information obtained
from this study will ensure better characterization of LCN
raised in hot humid tropics, which will aid further selec-
tion, conservation and genetic improvement of the birds. To
the best of our knowledge, the present study is novel as the
earlier reports on discriminant analysis in LCN were based
on morphological traits.

Materials and methods
Experimental site

The chickens were raised at the Poultry Breeding Unit of the
University Farms, Federal University of Agriculture, Abeo-
kuta, Alabata, Ogun State, Nigeria. Alabata (latitude 7° 10’
N and longitude 3° 2" E) is located in Odeda Local Govern-
ment Area of Ogun State, Nigeria (Google Map 2021). The
area is a hot humid tropical environment. It lies in the South
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Western part of Nigeria and has a mean annual rainfall of
about 1037 mm. The mean ambient temperature of the area
ranges from 28 °C in December to 36 °C in February. The
area has a yearly average relative humidity of about 82%
(Climate data 2021).

Experimental birds and management

Two hundred and ninety-nine (299) LCN were used for
the experiment. The birds comprised 111 normal feather
(52 males and 59 females), 111 naked neck (76 males
and 35 females) and 77 frizzle feather (45 males and 32
females). All the birds were raised together in a pen measur-
ing 30 m X 25 m under intensive management system. The
birds were wing-tagged for proper identification. They were
all subjected to the same management procedures. Chick
starter mash containing 23% crude protein and 11.1 MJ/kg
metabolizable energy was fed to the birds ad libitum from
0 to 8 weeks of age. Grower mash containing 18% crude
protein and 10.48 MJ/kg metabolizable energy was fed to
the birds ad libitum from 9 to 13 weeks of age. Clean water
was also provided for the birds without restriction. Marek’s
disease vaccine was administered at day 1. Infectious bursal
disease vaccine was administered at day 21 while fowl pox
disease vaccine was administered at day 70. The ethical pro-
tocol for the research was approved by Animal Care and Use
Committee of Federal University of Agriculture, Abeokuta,
Ogun State, Nigeria.

Vaccination with Newcastle disease vaccine
procedure

The LCN were vaccinated with a commercial Newcastle dis-
ease virus vaccine (LaSota strain), using the standard dose
at 25 and 50 days of age, respectively.

Blood collection and serum preparation

One millilitre (1 mL) of blood was collected from brachial
vein of each LCN with needle and syringe at day 24 (about
4™ week of age) pre-vaccination with Newcastle disease vac-
cine. Blood was also collected from birds at 41 days after
second vaccination (91 days of age, equivalent to 13" week
of age). Serum was prepared from the blood samples col-
lected pre-vaccination and post-vaccination by centrifuging
at 5000 revolution per minute for 5 min in Thermo Scientific
refrigerated centrifuge at 4 °C.

Determination of baseline antibody response
to Newcastle disease virus

Serum prepared from blood of unvaccinated LCN was used
to determine the baseline antibody response to Newcastle
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disease virus, henceforth referred to as basal geometric mean
titre (GMTB). The baseline antibody response to Newcastle
disease virus was determined by haemagglutination inhi-
bition test according to Allan and Gough (1974). Briefly,
25 pl of phosphate-buffered saline was added to all the wells
of a microtitre plate and 25 pl of the serum of the LCN
was added to the first well and serially diluted. Twenty-five
microlitre (25 pl) of the diluted antigen was added to all the
wells. Finally, 25 pl of 1% chicken red blood cell was added
to all the wells and the microtitre plate incubated at room
temperature for 30 min. The antibody response was meas-
ured as the reciprocal dilutions where there was complete
inhibition of the agglutination of the chicken red blood cell.
The obtained reciprocal of the first dilution was 2.0.

Determination of antibody response to Newcastle
disease virus after vaccination

Serum prepared from blood collected at 41 days after second
vaccination was used to determine antibody response post
vaccination, henceforth referred to as geometric mean titre
after vaccination (GMTA). This was also determined accord-
ing to Allan and Gough (1974).

The end point for each LCN sample (both pre-vaccination
and post-vaccination) was converted to geometric mean titre
(GMT) using the formula (Villegas and Purchase 1989):

GMT = Antilog[(A — 1) x logB + logC|

where A is the average end point well number, B is factor 2.0
and C is the reciprocal of the first dilution (2.0).

Heat tolerance traits

Rectal temperature, pulse rate and respiratory rate of LCN
were recorded in the morning between 7:00 am and 8:00
am and again between 2:00 pm and 3:00 pm of the same
day. The heat tolerance traits were recorded at weeks 4 and
13 corresponding to the time when antibody responses to
Newcastle disease virus were determined. Rectal tempera-
ture was measured by inserting a digital rectal thermometer
into the rectum of the bird and recorded after the sound of
the alarm signal. Respiratory rate was determined by count-
ing the number of movement of the vent per minute. Pulse
rate was recorded as number of movement of the brachial
vein per minute. Heat stress index was calculated using the
formula (Oladime;ji et al. 1996):

H = (AR/AP) * (NP/NR)

where H is the heat stress index, AR is the average respira-
tory rate of chicken, AP is the average pulse rate of chicken,
NP is the normal pulse rate of chicken and NR is the normal
respiratory rate of chicken. 290 beats/min and 32 breaths/

min were used as normal pulse and respiratory rates, respec-
tively, as reported by Dagon (1989). Chickens with H value
of >4.50 are considered stressed.

Statistical analysis

The antibody response to Newcastle disease virus was
transformed to geometric mean titre for data normalization.
Genotype and sex effects on antibody response to Newcastle
disease and heat tolerance were determined using GLM pro-
cedure while means were separated using Duncan’s multiple
range test at 95% confidence level. STEPDISC procedure
was used to determine the variables that contributed to dif-
ferentiation among the three genotypes of LCN. CANDISC
procedure was used to obtain canonical variables, canoni-
cal coefficients and Mahalanobis distance among the three
genotypes of LCN based on the selected traits. The DIS-
CRIM procedure was used to find the percentage of correct
assignment of each bird to its genotype. All analyses were
performed using SAS version 9 (2002). Geometric mean
titre against Newcastle disease before vaccination, geometric
mean titre against Newcastle disease after vaccination, rectal
temperature at week 4, pulse rate at week 4, respiratory rate
at week 4, heat stress index at week 4, rectal temperature at
week 13, pulse rate at week 13, respiratory rate at week 13
and heat stress index at week 13 were the ten variables used
for the analysis.

Results

The means and standard errors of the antibody response
to Newcastle disease and heat tolerance traits according to
genotype, sex and genotype by sex interaction are shown
in Table 1. All the 10 traits were significantly (p <0.05)
affected by the genotype. The highest (p <0.05) GMTB was
observed in naked neck chickens while there was no differ-
ence in GMTB of normal feather and frizzle feather chick-
ens. The lowest (p <0.05) respiratory rate at week 4 (RR4)
was observed in frizzle feather chickens while the highest
(p<0.05) respiratory rate at week 13 (RR13) was observed
in normal feather chickens. Generally, lower respiratory
rates were observed in LCN genotypes and the two sexes at
week 4 compared with week 13. Sex differences were only
observed in GMTB, GMTA and RR13 with females having
higher (p <0.05) GMTB and GMTA. Only the GMTB, pulse
rate at week 4, heat stress index at week 4 and pulse rate at
week 13 were significantly (p <0.05) affected by the geno-
type by sex interaction. The highest (p <0.05) GMTB was
observed in female naked neck chickens while the lowest
(p<0.05) pulse rate at week 4 was observed in male normal
feather chickens.
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Table 2 Traits selected by stepwise discriminant analysis to differentiate among the chicken genotypes

Variable entered Partial R? F-value Pr>F Wilks” Lambda Pr<Lambda Average squared Pr>ASCC
canonical correlation
RR4 0.581 205.23 <0.0001 0.419 <0.0001 0.291 <0.0001
PR13 0.324 70.62 <0.0001 0.283 <0.0001 0.452 <0.0001
RT13 0.147 25.24 <0.0001 0.242 <0.0001 0.500 <0.0001
H4 0.092 14.92 <0.0001 0.220 <0.0001 0.527 <0.0001
GMTA 0.052 7.93 0.0004 0.208 <0.0001 0.540 <0.0001
GMTB 0.030 4.49 0.0120 0.202 <0.0001 0.547 <0.0001
H13 0.033 4.87 0.0083 0.195 <0.0001 0.555 <0.0001
RT4 0.017 251 0.0831 0.192 <0.0001 0.559 <0.0001

RR4, respiratory rate at week 4; PRI3, pulse rate at week 13; RT3, rectal temperature at week 13; H4, stress index at week 4; GMTA, geometric
mean titre against Newcastle disease after vaccination; GMTB, geometric mean titre against Newcastle disease before vaccination; H13, heat

stress index at week 13; RT4, rectal temperature at week 4

Table 3 Multivariate statistics and F approximations for testing the

Table 4 Total canonical structure of the three chicken genotypes

significance of canonical correlations between traits and genotypes Variable CAN 1 CAN2
Statistics Value F-value Num Df Den Df Pr>F RR4 0.943 0.278
Wilks’ lambda 0.192 4631 16 57800 <0.0001  FPRI3 —0.330 0.722
Pillai’s trace 1118 4592 16 58000 <0.0001 ~ RTI3 —0.387 0.671
Hotelling-Lawley ~ 2.595 4674 16 46934 <0.0001  H4 0.858 0.015
trace GMTA —0.035 0.306
Roy’s greatestroot ~ 1.562 56.64 8 290.00 <0.0001 GMTB 0.083 0.214
HI13 0.387 —0.558

RT4 -0.015 —0.347

Canonical correlation 0.781 0.713

Eight out of the original ten traits were effective in dif- ~ Eigen value 1.562 1.032
ferentiating the three chicken genotypes. RR4 was the most ~ Approximate standard error 0.023 0.029
discriminating variable followed by pulse rate at week 13~ Variance accounted for (%) 60.210 39.790
(PR13), rectal temperature at week 13 (RT13), heat stress ~ Cumulative variance (%) 60.210 100.000

index at week 4 (H4), GMTA, GMTB, heat stress index
at week 13 (H13) and rectal temperature at week 4 (RT4),
respectively (Table 2).

The multivariate statistics and F approximations for
testing the significance of canonical correlations between
traits and genotypes are shown in Table 3. The Pr > F val-
ues of all Box’s M statistics were highly significant, indi-
cating that the data did not differ significantly from mul-
tivariate normal and we could proceed with the analysis.

The canonical analysis carried out on antibody response
to Newcastle diseases and heat tolerance traits identi-
fied two significant (P < 0.05) canonical variables that
accounted for 60.210% and 39.790% of the total variation.
Generally, any variable with loading of 0.30 (or higher) is
considered to contribute significantly as a discriminating
variable. RR4 and H4 were highly correlated with CAN 1
while PR13, RT13 and H13 were highly correlated with
CAN 2. Variable GMTA was moderately correlated with
CAN 2 while H13 was moderately correlated with CAN 1.
Canonical correlations of 0.781 and 0.713 were obtained
for CAN 1 and CAN 2, respectively (Table 4).

Variables retained by stepwise discriminant analysis were
used to develop linear models representing the contribution
of each of the selected traits in order to differentiate the three
chicken genotypes. The linear discriminant functions for the
three chicken genotypes are shown in Table 5.

87.39% of normal feather, 76.58% of naked neck and 100%
of frizzle feather chickens (an average of 87.99% for the three
genotypes) were correctly assigned into their genotypes
(Table 6).

The Mahalanobis distance among the three chicken geno-
types is shown in Table 7. The longest Mahalanobis distance
was observed between normal feather and frizzle feather chick-
ens while the shortest was observed between normal feather
and naked neck chickens.
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Table 5 Linear discriminant functions for the three chicken genotypes

Genotype Linear discriminant function

Normal feather
Naked neck
Frizzle feather

Y=-12,3254+3.505RR4 — 1.256PR13 +439.326RT13 - 52.953H4 4+ 0.167GMTA 4+ 0.059GMTB —49.877H13 4 163.985RT4
Y=-12,482+43.644RR4 — 1.225PR134+443.779RT13 - 54.839H4 4+ 0.176GMTA +0.116GMTB —51.181H13 4 163.125RT4
Y =-12,479+3.260RR4 — 1.241PR13 +443.539RT13 — 52.746H4 +0.178GMTA + 0.091GMTB — 51.992H13 + 163.840RT4

Table 6 Percentage (%) of individual chicken classified into three
chicken genotypes

Genotype Normal feather =~ Naked neck  Frizzle feather
Normal feather 87.39 3.60 9.01
Naked neck 16.22 76.58 7.21
Frizzle feather 0.00 0.00 100
Priors 0.33 0.33 0.33
Error rate 0.13 0.23 0.00

Table 7 Mahalanobis distance among the three chicken genotypes

Normal feather Naked neck Frizzle feather
Normal feather 0
Naked neck 37.58%** 0
Frizzle feather 54.25%%* 50.48%%* 0
##%P <(.001
Discussion

The dissimilarity in the GMTB of LCN may be attributed
to partial development of their immune system at 24 day
of age (Bello et al. 2018) and variation among the three
genotypes in their maternal effect (Deka et al. 2020). The
highest GMTB generated by naked neck chickens might be
due to high maternally derived antibody transmitted from
hens to chick which protects them when young. The lowest
GMTB in frizzle feather chicken observed in this study dif-
fered from the findings of Ikpeme et al. (2019) who found
the highest pre-vaccination immune response to Newcastle
disease in frizzle feather chicken. Sex differences observed
in GMTB was expected as Osei-Amponsah et al. (2013)
also reported sex differences in immunocompetence in
Ghanaian local, Sasso T-44 and broiler chickens.
Genotype markedly influenced the bird’s physiologi-
cal response to heat. The different heat responses might
have resulted from thermoregulatory roles of feather dis-
tribution and feather structure genes. Heat stress index
measures the deviation of the observed respiratory rate and
pulse rate from normal values. The more the heat stress
index, the more the severity of the heat stress. The value
of heat stress index obtained in this study implied that the
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normal feather chickens were more thermally stressed at
week 13 than other genotypes.

Selection of traits that can discriminate the three chicken
genotypes is a crucial step towards selection, improve-
ment and conservation of LCN (Varga et al. 2020). Heat
tolerance traits and antibody response to Newcastle disease
before and after vaccination can be used to differentiate
LCN genotypes. A high genetic dissimilarity was observed
among the three chicken genotypes. A distinct differentia-
tion of the three genotypes was created by the two canonical
variables observed in this study. Ogah (2013) also obtained
two canonical variables in description of morphological
traits of three genotypes of LCN. Out of all the selected
variables used to differentiate the three chicken genotypes,
RR4, PR13, RT13 and H4 made the highest contribution to
the discriminant function while GMTA, H13 and RT4 made
moderate contribution to the function as any variable with
loading of 0.30 or more has been reported by Adeyemi and
Oseni (2018) to contribute significantly to a discriminant
function. Our results on discriminant analysis of LCN using
antibody response to Newcastle disease and heat tolerance
traits provided validity for the analysis. The CAN 1 and
CAN 2 explained 60.21% and 39.79% of the total variation,
respectively. This implies that CAN 1 has the best linear
combination of antibody response to Newcastle disease
and heat tolerance traits enough in discriminating the three
chicken genotypes.

Using the discriminant functions derived for each geno-
type of LCN, new measurements of RR4, PR13, RT13, H4,
GMTA, H13 and RT4 can be inserted into the discriminant
functions to estimate discriminant scores as suggested by
Adenaike et al. (2018). The accuracy of the discriminant
functions to discriminate the three chicken genotypes using
antibody response to Newcastle disease and heat tolerance
traits was also checked with discriminant function of the
frizzle feather chickens having 100% reliability.

Mahalanobis distance established significant differen-
tiation among the three chicken genotypes. Frizzle feather
chickens were more separated from the other two genotypes.
The distance revealed by the Mahalanobis test is an indica-
tion that the three chicken genotypes respond differently to
Newcastle disease and also tolerate heat differently. This
might be linked to different feather distribution and struc-
ture of the birds. The feather distribution gene, naked gene
(Na), and the feather structure gene, frizzle (F) gene, are



Tropical Animal Health and Production (2021) 53: 385

Page70f8 385

economically important in chicken breeding systems as
they are involved in disease resistance and heat tolerance.
These two genes cause reduction in tropical thermal stress
by improving the breed’s ability for convection (Oke 2011).
The naked neck gene has also been related with heat toler-
ance as Cahaner et al. (2008) reported that heat resistance
correlates with reduced feather density.

The present findings are novel as the earlier reports on
discriminant analysis in LCN were based on majorly on mor-
phological traits.

Conclusions

Genotypic dissimilarity existed in antibody response to New-
castle disease and heat tolerance in LCN raised in hot humid
tropics. Sex differences also existed in response to Newcastle
disease in LCN. The RR4, PR13, RT13 and H4 were found
as the highly discriminating variables while GMTA, H13
and RT4 are moderately discriminating variables in geno-
types of LCN. The discriminant functions developed in this
study could be used to differentiate the three genotypes of
LCN using antibody response to Newcastle disease and heat
tolerance.
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