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Egg:embryo weight ratio as an indicator of
dwarfism induced by infectious bronchitis virus

G. Dhinakar Raj*, K. Suresh Kumar, A. M. Nainar and K. Nachimuthu

Department of Animal Biotechnology, Madras Veterinary College, Tamil Nadu Veterinary and Animal Sciences
University, Chennai 600007, India

A simple objective method to quantify embryo dwarfism induced by infectious bronchitis virus in embryonated
chicken eggs has been used to determine endpoints in virus titration and neutralization assays. The eggs and the
respective embryos were weighed and embryo:egg weight (EE) ratios were calculated. The EE ratios were
compared with the uninoculated control eggs and endpoints could be calculated objectively. EE indices were also
calculated by dividing the EE ratios of inoculated embryonated chicken eggs by the mean EE ratio of
uninoculated controls, or in the case of virus neutralization tests by the mean EE ratio of eggs inoculated with
virus alone. Although this mean EE index did not reflect the dwarfing (or lack of it) in individual eggs, it served
as a group indicator. This method would be useful to observe embryo lesions especially in field (non-egg adapted)
infectious bronchitis virus isolates, which does not cause observable dwarfing until several embryo passages.

Introduction

Infectious bronchitis is an acute, highly contagious
viral respiratory disease of chickens characterized
by tracheal rales, coughing and sneezing. In laying
flocks there is a drop in the quantity and quality of
eggs produced. Kidney manifestations are seen
with infections of nephropathogenic strains of
infectious bronchitis virus (IBV) (Dhinakar Raj &
Jones, 1997). IBV grows well in the developing
chicken embryos as compared with chicken kidney
or tracheal organ cultures (Cook et al ., 1976).
Upon initial inoculation of embryos, dwarfing of a
few embryos with survival of 90% eggs through to
day 19 of incubation is characteristic of IBV
growth (De Wit, 2000). The embryo is curled into
a spherical form, with feet deformed and com-
pressed over the head with a thickened amnion
adhered to it. The virus titres are highest in
embryos at 24 to 48 h post-inoculation (p.i.),
although embryo lesions are seen only after 5 to 6
days p.i. (De Wit, 2000).

In infectious bursal disease (IBD) virus-infected
chickens, bursal atrophy is usually quantified as a
ratio of the bursal weight to body weight in grams
(BB ratio) (Lucio & Hitchner, 1979; Thangavelu et

al ., 1998). Similarly spleen:body weight ratios are
also used to assess spleenic atrophy (Hassan et al .,
2002). The term bursal index is used to indicate the
ratio obtained by dividing the BB ratio of infected/
vaccinated chickens by the BB ratio of uninfected/
unvaccinated chickens. This study deals with an
attempt to quantify embryo dwarfing induced by
IBV in embryonated chicken eggs (ECE) on lines
similar to quantification of bursal or spleen atro-
phy induced by IBD virus.

Materials and Methods

Embryonated chicken eggs, viruses and antisera

ECE were obtained from a local source that was shown to be free of

IBV antibodies using the commercial enzyme-linked immunosorbent

assay kit (Idexx, USA). A commercial H120 vaccine belonging to the

Massachusetts (Mass) serotype and a virulent IBV strain 008 also

belonging to the Mass genotype, were used. Antisera raised against

three other field isolates of IBV (S3, U4 and 177) also belonging to the

Mass genotype were used in cross-neutralization tests. Genotyping was

done by sequencing a portion of the S1 gene (Keeler et al ., 1998) (data

not shown). Median embryo infectivity titres (EID50) were calculated by

inoculating IBV at 10-fold dilutions and calculating 50% endpoint titres

by the Reed & Muench (1938) method.
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Embryo:egg weight ratio and embryo:egg weight index

The embryo:egg weight (EE) ratios and EE indices were calculated

following infection of ECE with vaccine or virulent strains of IBV using

the following formulae:

EE ratio�weight of embryo (g)=weight of the respective egg (g)

EE index�EE ratio of inoculated chicken eggs=mean EE ratio of

uninoculated control eggs

In the case of virus neutralization (VN) tests, the EE index was

calculated using the following formula:

EE index(VN)�EE ratio of eggs inoculated with a mixture of virus

and serum=mean EE ratio of eggs inoculated with virus alone

A minimum of at least three eggs was used at each time and the ratios

were compared statistically by the Student’s t test (PB/ 0.05).

Experimental designs

Experiment 1 . Ten-day-old ECE were inoculated via the intra-allantoic

route with 103 EID50 of H120 or IBV-008. At 24-h intervals, eggs were

chilled overnight and then weighed. After removal of the embryos these

were also weighed immediately and EE ratios were calculated for each

egg.

Experiment 2 . The EE ratio and the EE index were applied to determine

the endpoints for the calculation of virus infectivity titres. Diluted H120

vaccine virus and IBV-008 were inoculated intra-allantoically into

10-day-old ECE at 10-fold dilutions and the live eggs were chilled on

day 6 p.i. The mean EE ratios of inoculated and control (uninoculated)

ECE were calculated on that day.

Experiment 3 . The EE ratio and EE index(VN) were applied to

determine the endpoints for the calculation of serum neutralization

titres. In the cross-neutralization tests 102.0 EID50 H120 IBV was

neutralized with two-fold dilutions of sera prepared against the

homologous virus and four heterologous viruses (IBV-008, S3, U4

and 177). Controls included inoculation of 102.0 EID50 H120 virus

without serum. The mean EE ratio of ECE inoculated with a virus and

serum mixture for various antisera, or for virus alone, was calculated on

day 6 p.i.

Results

Experiment 1

Until day 3 p.i., no differences in the EE ratios were
seen between uninoculated and IBV-inoculated
ECE (Table 1). However, while the EE ratios

started increasing from day 4 p.i. in the mock-
inoculated group, they did not increase in the IBV-
inoculated groups. The difference was statistically
significant (compared with uninoculated controls)
in the virulent IBV inoculated eggs from day 4 p.i.
onwards and in the vaccine virus inoculated eggs
from day 5 p.i. onwards. The EE ratio was lowest
on day 5 p.i. in the virulent IBV inoculated group
and on day 6 in the vaccine virus inoculated group.

Experiment 2

The mean EE ratios of inoculated and control
(uninoculated) ECE are presented in Table 2. The
EE ratios were similar to those of the control eggs
from the 10�4 and 10�5 dilutions for the vaccine
and virulent IBV, respectively. The EE index for the
H120 vaccine inoculated group was less than 0.4
until the 10�3 dilution and was close to 1.0 for the
other dilutions, clearly showing the endpoints.
Therefore the titre is determined to be 103.5

EID50. In the IBV-008-inoculated group, the EE
index was around 0.4 until the 10�3 dilution and
was close to 1 from the 10�5 dilution and there-
after. The individual EE ratios of the three eggs
inoculated with the 10�4 dilution of 008 virus were
0.890, 0.423 and 0.387. Although the mean EE
index was 0.567, it is clear from the individual
values that two of the three eggs inoculated with
the 10�4 dilution only showed embryo dwarfing.
Hence the calculated titres would be 104.24 EID50.

Experiment 3

The mean EE ratio of ECE inoculated with the
virus and serum mixture using various antisera is
presented in Table 3. The mean EE ratio for the
ECE inoculated with the virus alone was 0.114.
Using this value, the EE index(VN) values were
calculated and serum dilution having an EE
index(VN) of 1.0 or close to 1.0 can be taken as
having no detectable neutralizing antibodies, and
hence the previous dilution is taken as the endpoint
titre of that serum. In most of the dilutions the EE
index(VN) was evenly distributed. However, in the
H120 group neutralized with 1:2560 dilution of
antisera against 008 virus, the EE index(VN) values
of individual eggs were 2.11, 0.877 and 0.947 (mean
EE index(VN)�/1.31). Again this indicates that this
dilution of serum could neutralize the virus in only
one of the three eggs.

Discussion

From the present study, it appears that the EE
ratios are an objective method to quantify embryo
dwarfism in IBV-inoculated ECE and can be used
to accurately determine the endpoints in virus
titration or neutralization assays. Although the
EE index is also used to quantify embryo dwarfism,
it is especially useful when the EE ratios are evenly

Table 1. Mean embryo egg weight ratios of IBV-inoculated

embryonated chicken eggs at different days p.i.

Day p.i. IBV H120 IBV 008

Uninoculated

control

1 0.0899/0.012a 0.0819/0.006 0.0739/0.007

2 0.1449/0.004 0.1419/0.005 0.1379/0.005

3 0.1879/0.016 0.1639/0.017 0.1799/0.009

4 0.2319/0.030 0.1199/0.027b 0.2989/0.039

5 0.2279/0.012b 0.1259/0.009b 0.3459/0.012

6 0.1979/0.110b 0.1359/0.031b 0.3709/0.055

aMean9/standard deviation.
bValues differ significantly from the respective day’s EE ratio of

uninoculated control eggs. Student’s t test (PB/ 0.05).
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distributed. In titration and neutralization tests, it
is possible that only a few eggs in each dilution are
showing virus growth (or no growth). In those
cases, the index calculation may not be a true
indicator of lesions in that group although this can
be used as a group mean value. It is known that
only egg-adapted strains induce clear embryo
dwarfism, and field isolates of IBV do not do so
until after several embryo passages. In those
instances, when serotyping needs to be performed
using cross-neutralization tests, quantifying the
dwarfism induced by virus alone through the use
of EE ratios would be a better measure to compare
neutralization by respective antisera.
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Table 2. Infectious bronchitis virus titration: EE ratios of chicken eggs inoculated with IBV at different dilutionsa

Log 10 dilution IBV H120 IBV 008

Uninoculated

control

�/1 0.1319/0.019a (0.366) 0.1439/0.023a (0.401)

�/2 0.1369/0.018a (0.382) 0.1659/0.010a (0.463)

�/3 0.1339/0.020a (0.372) 0.1569/0.043a (0.437) 0.3579/0.048

�/4 0.3649/0.003b (1.02) 0.2029/0.099a (0.567)

�/5 0.3399/0.033b (0.951) 0.3559/0.021b (0.992)

�/6 0.3979/0.038b (1.11) 0.3729/0.040b (1.043)

�/7 0.3249/0.017b (0.907) 0.3369/0.013b (0.941)

�/8 0.3539/0.020b (0.989) 0.3539/0.056b (0.990)

�/9 0.3579/0.021b (1.00) 0.3679/0.028b (1.03)

aMean9/standard deviation (EE indices in parentheses). Within the group, the EE ratios with different superscripts differ significantly

in Student’s t test (PB/ 0.05).

Table 3. Mean EE ratios of embryonated chicken eggs inoculated with antisera against different isolates of IBV and 100 EID50 H120

vaccine strain

Reciprocal serum dilution used with 100 EID 50 of IBV H120

Serum against IBV 640 1280 2560 5120

H120 0.2519/0.004a (2.21) 0.2399/0.013 (2.10) 0.2479/0.022c (2.17) 0.1189/0.004 (1.04)

008 0.2529/0.040 (2.21) 0.2539/0.029c (2.22) 0.1499/0.079 (1.31) 0.1199/0.015 (1.04)

S3 0.2339/0.020 (2.04) 0.2389/0.024c (2.09) 0.1159/0.007 (1.01) 0.1209/0.005 (1.05)

U4 0.2279/0.005c (1.99) 0.1239/0.012 (1.09) 0.1139/0.010 (0.995) 0.1139/0.007 (0.990)

177 0.2379/0.006 (2.08) 0.2469/0.009c (2.16) 0.1169/0.011 (1.01) 0.1219/0.025 (1.06)

No serum 0.1149/0.006

aMean9/standard deviation (EE index(VN)).
cReciprocal of endpoint dilution showing complete neutralization of 100 EID50 H120 vaccine strain of IBV as assessed by the EE

ratio.
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