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Abstract. Theeffects of twoAustralian strainsof infectiousbronchitis virus (IBV-TandN1/88)on the internal andexternal
quality of eggs were studied in unvaccinated Isa Brown hens in full lay. Overall, there was no decline in egg production in
either of the infected groups.However, therewere some long-lasting negative effects on the egg internal quality of T-infected
hens.Negative effects on internal quality in theN1/88-infected groupwere relatively short term.Yolk colour scorewas lower
only inT-infected hens. Egg shell qualitywas affected only in terms of loss of egg shell colour. IBV infection resulted in paler
egg shells inboth the infectedgroups.Paler eggshellsmaynotbe regardedwell byconsumers.Theegg shape indexwas lower
in both infected groups.
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Introduction

In the commercial egg industry, eggs must be strong enough to
withstand the additional pressures of automated collection,
sorting, storage and packaging in order to reach the consumer
in an adequate condition (Hamilton 1982). Also, internal and
external quality of the egg is an important issue for the end
consumer. In the reproductively active hen, the oviduct is a
complex organ, which undergoes a series of daily cellular
changes (Chousalkar and Roberts 2008).

Infectious bronchitis virus (IBV) is a ‘coronavirus’ that causes
respiratory disease in poultry and is one of the factors responsible
for deterioration in egg production and quality. The disease is a
major potential threat to the egg industry as egg quality problems
currently cost millions of dollars each year. InAustralia, IBVwas
first reported by Cumming (1962). Earlier studies were
undertaken to study the effects of IBV on egg quality after
infection of chickens at an early age (Crinion 1972). However,
little, if any, research has been conducted to document the
changes in egg quality parameters after IBV infection of hens
in lay. Sevoian and Levine (1957) observed changes in internal
and external egg quality after infecting adult laying hens with
the Massachusetts strain of IBV. Surprisingly, since this study,
little effort has been made to study the interaction of IBV with
the fully functional oviduct. Australian strains of IBV are thought
by some to be a cause of deterioration of egg internal quality
and egg shell quality but documentation to prove or disprove
this opinion is lacking. The effects of Australian strains of IBV
on the oviduct of laying hens have received little attention
by researchers.

Vaccination of laying hens in the rearing phase offers some
protection for the oviduct (Chousalkar et al. 2007a) and for egg
shell quality (Jolly et al. 2005) when laying hens are challenged

with the nephropathogenic T strain of IBV. In addition, both the
T strain and N1/88 strain of IBV can cause pathology in the
fully functional oviduct of White Leghorn hens (Chousalkar
et al. 2007b).

Both the virus strains used in this study are able to replicate
in albumen-forming (Chousalkar and Roberts 2007a) and shell-
forming regions (Chousalkar and Roberts 2007b) of the oviduct
of Isa Brown hens.

The present study was undertaken to study the effects of IBV
on egg internal quality and egg shell quality in unvaccinated
laying hens challenged by the T andN1/88 strains of IBV. Strains
T and N1/88 were isolated by Cumming (1962) and Ignjatovic
and McWaters (1991), respectively. The N1/88 strain was
isolated from a vaccinated broiler flock and is considered to be
more pathogenic to the respiratory system. The T strain of IBV
was isolated fromcasesof uraemia in3-week-oldpullets andadult
laying hens and is nephropathogenic.

Materials and methods

Day-old Isa Brown hens (n = 150) were reared on the floor in
poultry houses under strict isolation at the University of
New England’s Armidale campus in New South Wales,
Australia. At 25 weeks of age, hens were divided into three
groups and transferred to individual cages in different isolation
poultry houses where they remained until the termination of
the experiment. Isolation and strict biosecurity were
maintained at all times. Complete physical separation of the
three experimental treatment groups was essential to the
experimental design to prevent cross-infection among
the groups. At 30 weeks of age, hens were exposed to either
the T or the N1/88 strain of IBV and one group was left
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unchallenged as a control. The two strains of virus used
were obtained from Dr Jagoda Ignatovic, CSIRO, Geelong,
Australia. Each challenged bird received the virus at the dose
rate of 2 · 105 50% embryo infective dose (EID50) intraocularly
and the control hens were sham inoculated with normal saline.
During the experimental period, each treatment group was
attended by a different researcher, to avoid problems of cross-
contamination but all procedures were kept constant across all
treatment groups.

Egg production records were maintained daily throughout
the experiment.Because itwas necessary tomaintain the different
treatment groups in separate poultry houses, all eggs were
collected at 3 and 2 weeks before challenge, to determine any
inherent differences among the groups that may have been due, at
least in part, to the separate housing and personnel and then daily
during the week immediately before infection. Eggs were
collected in the morning (0800 hours), brought to the
laboratory and analysed on the same day. Eggs were then
collected and analysed daily for 5 weeks after infection and
again at weekly intervals of 6, 7, 8, 9 and 10 weeks after
infection. All egg internal and external quality analyses were
performed as described inRoberts (2004).All eggswere analysed
for the internal quality parameters – albumen height, Haugh
units and yolk colour score. However, the albumen height and
Haugh unit data are not reported for the sixth week after
infection because there was an unavoidable delay during
that week between the collection of eggs and the internal
quality analysis which, in itself, affected albumen viscosity in
all treatment groups. Egg shell quality was measured as egg
weight, shell reflectivity (indicator of lightness of shell colour),
egg shell breaking strength and deformation (measured by
quasistatic compression), shell weight, shell thickness and
percent shell (calculated as the ratio of shell weight to egg
weight expressed as a percentage). All the equipment used
for egg quality analysis except egg shell thickness was
supplied by Technical Services and Supply, UK. Egg shell
thickness was measured by taking shell pieces from
three equidistant points on the equator with shell membrane
intact and measuring their thickness using a gauge constructed
from a Mitutoyo Dial Comparator gauge Model 2109-10
(Kawasaki, Japan).

All hens were bled at 2 weeks before infection to check for
the presence of IBV antibodies. From each hen, a 3-mL blood
sample was collected from either the jugular or wing vein, into
heparinised syringes and stored on ice. The blood samples
were centrifuged at 4800g for 10 min at 4�C and blood plasma
was collected and stored at �20�C until analysis. Plasma
samples were analysed for IBV antibody titres using an
IDEXX IBV antibody kit (IDEXX Laboratories, Westbrook,
ME). Feed intake from 24 hens of each group was measured
1week before infection and at weekly intervals from 1 to 4weeks
after infection. The same hens were used at all times for the feed
intake measurements.

During the trial, it was noticed that the eggs fromboth infected
groups appeared to be more elongated than the control eggs.
Therefore, the length and breadth of eggs was measured weekly
between 6 and 10 weeks after infection. When differences in
shape index among the groups were confirmed, a follow-up trial
was conducted to study the time frame of changes in length and

breadth of eggs laid by infected hens. The 36 Isa Brown laying
hens from the control group of the main trial, at the age of
40 weeks, were divided into three groups, 15 hens per
challenge treatment and 6 hens as a control. Each challenged
bird received virus at the dose rate of 2 · 105 EID50 intraocularly
and the control hens were sham inoculated with normal saline.
Eggs were collected daily for 3 weeks after infection. Eggs were
analysed for internal and external egg quality parameters as
mentioned above, up to 11 days after infection. Length and
breadth were measured using a digital Vernier calliper
(Mitutoyo digimatic calliper) and the shape index (breadth ·
100/length) was calculated.

The experimental design imposed constraints on the statistical
analysis of the data. Not all hens laid eggs every day, and two
hens were removed at 2-day intervals up to day 24 after
infection for studying the effects of virus on the oviduct and
other tissues (Chousalkar and Roberts 2007a, 2007b, 2008).
Therefore, it was not possible to apply a repeated-measures
analysis to the data without exclusion of data. As a result, data
were analysed by two-way factorial ANOVA and Student’s
t-test were used to distinguish differences between means.
Significance was assumed at P < 0.05. The experiment was
conducted under approval number AEC05/082 from the
University of New England Animal Ethics Committee.

Interpretation of the results of egg production and egg quality
must, through necessity, bear in mind that the three treatment
groupswere housed in separate poultry houses. Thiswas essential
to prevent cross-contamination between the three groups.
However, this housing arrangement also introduces the
possibility that the poultry house, and/or the different
personnel caring for each experimental group, may have
influenced egg production or quality. All housing and
husbandry practices were maintained the same across all
treatment groups.

Results

Clinical findings

All henswere negative for IBVantibodies before infection. There
were no significant effects of challenge or time in relation to
challenge on egg production, although one hen from the N1/88
group and two hens from the T-infected group stopped laying
during the second week after infection. Some hens from both the
T- and N1/88-infected groups showed coughing and sneezing
from 3 to 9 days after infection.

Feed intake

Overall, feed intake did not vary significantly over theweeks after
infection or among the groups and there were no significant
interactions between treatment group and time after infection.
However,whendata for eachweekwere analysed separately, feed
intakewas significantly lower during the second and fourthweeks
after infection in the T-infected group (Fig. 1).

Egg quality – before challenge

In eggs laid over the 3 weeks before challenge, egg weight,
deformation and percent shell varied significantly, mainly as a
result of increasing hen age. The only egg quality measurement
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for which there was a significant difference among treatment
groups, before challenge, was egg breaking strength. Breaking
strength of eggs laid by hens was higher in the N1/88 strain IBV
group than in the control group with the T strain IBV group

intermediate between the two and not significantly different from
either.

Egg quality – after challenge

There were no visible deformities in egg shells in the N1/88-
infected group. Eggs with yolks that separated from the albumen
during eggbreakout and/orwithmeat spotswere observedmostly
between the 10th and 16th day after infection in both the N1/88-
and T-infected groups.

For the measures of egg shell quality, there was a significant
effect of time after infection as the hens aged (Table 1). However,
there was a significant effect of treatment group only for egg shell
breaking strength and there were no statistically significant
interactions between treatment group and time after infection
for any of the measures of egg shell quality. Egg shell breaking
strength after infection showed a similar pattern as that recorded
before infection: it was highest in the N1/88 group and lowest in
the control group, whereas the T group was intermediate.

Over the 10 weeks after infection, there were significant main
effects of treatment group (P < 0.001) and week after infection
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Fig. 1. Weekly feed intake (mean� s.e.) before infection and for 4 weeks
after infection for the three infectious bronchitis virus (IBV) treatment groups.
Asterisks indicate which IBV-T strain means are significantly lower than the
control group. Eggs were collected and analysed on the same day.

Table 1. Main effects of week after challenge by infectious bronchitis virus on egg quality measurements
C, control group; T, T strain IBV group; N, N1/88 strain IBV group. Within columns, means followed by different letters are significantly different at P = 0.05.

*, P < 0.05; **, P < 0.01; ***, P < 0.001; n.s., not significant

Treatment Week
1

Week
2

Week
3

Week
4

Week
5

Week
6

Week
7

Week
8

Week
9

Week
10

Overall Pooled Significance
s.e.m. Week Group Week · group

Egg weight (g)
All 57.6 57.6 57.9 58.4 58.8 59.3 59.2 59.5 59.7 60.1 0.08 *** n.s. n.s.
C 57.5 58.6 58.3 58.7 58.7 59.4 59.2 59.3 59.4 59.5 58.8
T 58.1 57.6 58.2 58.7 59.4 59.4 59.2 59.7 60.0 60.8 59.1
N 57.2 56.7 57.4 57.9 58.4 59.2 59.3 59.5 59.8 60.0 58.5

Breaking strength (N)
All 40.8 41.0 40.0 39.9 42.6 43.5 41.4 41.2 45.1 43.6 0.13 *** *** n.s.
C 40.5 39.9 38.5 38.4 42.4 42.1 42.2 39.3 43.5 43.2 41.0c
T 40.3 41.1 39.7 40.4 42.0 43.5 40.4 42.4 44.6 42.5 41.7b
N 41.7 42.0 41.8 41.0 43.5 44.7 41.6 42.3 47.7 45.3 43.1a

Deformation (mm)
All 266.8 265.6 274.2 259.3 260.9 245.6 234.8 244.3 252.5 251.3 1.29 *** n.s. n.s.
C 270.7 263.3 276.5 259.6 263.2 238.7 236.3 239.6 252.2 251.4 255.1
T 265.0 265.2 275.1 251.2 261.8 249.5 227.3 252.7 257.6 246.0 254.6
N 264.7 268.5 271.0 267.2 257.7 248.6 241.0 240.8 247.7 256.6 256.7

Shell weight (g)
All 5.75 5.77 5.80 5.81 5.93 6.08 6.06 6.05 6.04 6.19 0.01 *** n.s. n.s.
C 5.80 5.87 5.81 5.82 5.97 6.11 6.08 6.00 6.02 6.09 5.95
T 5.73 5.79 5.85 5.82 5.93 6.01 6.08 6.10 6.10 6.26 5.95
N 5.74 5.67 5.74 5.80 5.90 6.12 6.03 6.06 6.02 6.24 5.92

Shell thickness (mm)
All 439.7 439.1 439.5 438.6 445.8 449.5 448.0 448.9 449.5 451.2 0.53 *** n.s. n.s.
C 442.0 441.2 439.2 438.9 447.0 449.6 448.4 449.0 449.0 448.9 445.3
T 437.1 438.1 440.5 438.6 445.7 449.7 448.0 449.0 449.7 452.2 444.8
N 440.0 438.0 438.9 438.4 444.8 449.2 447.7 448.8 450.0 452.7 444.9

Percentage shell (%)
All 10.05 10.04 10.02 9.95 10.10 10.26 10.22 10.17 10.11 10.31 0.02 ** n.s. n.s.
C 10.06 10.02 10.02 9.97 10.17 10.29 10.27 10.13 10.14 10.22 10.13
T 10.04 10.07 10.08 9.92 10.06 10.33 10.25 10.20 10.15 10.33 10.14
N 10.05 10.03 9.98 9.98 10.08 10.18 10.14 10.19 10.05 10.40 10.11
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(P < 0.001) for albumen height and Haugh units. There were also
significant interactions between treatment group and weeks after
infection for albumen height (P < 0.001) and Haugh units
(P < 0.033). Differences were not recorded within these
parameters before challenge. When analysed on a weekly basis
and comparedwith control hens, the albumen height in theN1/88
groupwas significantly lower at 2 and 5weeks after infection and

Haugh units were significantly lower at 1, and 5 weeks after
infection. Except for the eighth week after infection, albumen
height and Haugh units were significantly lower from the
first week until the end of the experiment in the T-infected
group (Fig. 2a). Overall, there were no significant differences
among the treatment groups for yolk colour score but there was
a significant variation over the weeks in relation to challenge
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Fig. 2. (a) Haugh units, (b) yolk colour score and (c) shell reflectivity (means� s.e.) before infection and for 10 weeks after infection for the three infectious
bronchitis virus (IBV) treatment groups. Asterisks indicate which IBV-T and IBV-N1/88 strain means are significantly lower than the control group. Eggs were
collected and analysed on the same day.
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(P < 0.001) and a significant interaction between group and week
of experiment (P < 0.001). Yolk colour score was significantly
lower in T-infected hens from 2 to 4 weeks after infection. Yolk
colour score did not vary significantly among the treatment
groups from 5 to 10 weeks after infection (Fig. 2b).

Over the 10 weeks after challenge, there were significant
main effects of treatment (P < 0.001), time in relation to
challenge (P < 0.001) and a significant interaction between
treatment group and time after infection (P < 0.001) for shell
reflectivity.As comparedwith the control group, shell reflectivity
was significantly higher in the N1/88 group in the first and
second weeks after infection, whereas in the T-infected hens
reflectivity was significantly higher from 1 to 5 weeks after
infection. From 6 weeks to 10 weeks after infection, no
significant variation was recorded among the groups for shell
reflectivity (Fig. 2c).

When shape index was measured from 6 to 10 weeks after
infection, compared with control hens, it was significantly
lower in the eggs laid by hens of the T-infected and N1/88-
infected group only at 8 weeks after infection (Fig. 3).

Follow-up trial

The eggs collected daily from infected hens for 3 weeks after
infection, during the follow-up trial, showed the time course of
change in shape index. Eggs laid by infected groups were more
elongated (lower shape index) when compared with the control
group. The shape index varied significantly among the groups
(P < 0.009), but not over the weeks after infection and there was
no interaction between groups and weeks after infection. In the
N1/88-infected hens, shape index was significantly lower from
the first to the third week after infection, whereas, in T-infected
hens, egg shape index was significantly lower during the second
and third weeks after infection (Fig. 4). Overall, egg shape index
was lower in the T strain and even lower in the N1/88-infected
hens when compared with the control.

The effects of IBV challenge on egg shell colour and albumen
quality followed the same pattern during the follow-up trial as
they did during the main challenge trial. Albumen quality,
measured as albumen height (P < 0.001) and Haugh units
(P < 0.001), was generally lower in the infected groups from
2 to 10 days after infection (Fig. 5a).

Shell colour, measured as shell reflectivity, was significantly
lighter for the two challenge groups (P < 0.001) from 4 to 10 days
after infection (Fig. 5b).

Discussion

There were no statistically significant effects of IBV infection
on egg production over the 10 weeks after infection. It may be
that the relatively small number of hens in each treatment group
made detection of production effects of IBV more difficult.
However, Cook (1971) observed a drop in egg production in
a small number of hens after infecting them with the
Massachusetts strain of IBV. Reduction in egg production may
be an effect of the Massachusetts strain but not necessarily of
other strains of IBV.

IBV clearly has major effects on albumen height and Haugh
units and, except for 8 weeks after infection, these parameters in
the T-infected group were significantly lower than the control
from the first week after infection until the end of the experiment,
indicating prolonged effects of IBV. The fluctuation in the N1/88
group could be due to selective removal of hens showing low
albumen height for other studies. The hens from both the infected
groups, which produced eggs with low Haugh units, were
removed from the experiment at periodic intervals to study the
ultrastructural pathology of IBV in different parts of the oviduct
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Fig. 3. Shape index (mean � s.e.) from 6 to 10 weeks after infection for the three infectious
bronchitis virus (IBV) treatment groups during the main experiment. Asterisks indicate which
IBV-N1/88 strain means are significantly lower than the control group. Eggs were collected and
analysed on the same day.
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three infectious bronchitis virus (IBV) treatment groups during the follow-up
trial. Asterisks indicate which IBV-T and IBV-N1/88 strain means are
significantly lower than the control group. Eggs were collected and analysed
on the same day.
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(Chousalkar and Roberts 2007a, 2007b). The finding regarding
low Haugh units is consistent with results from our study of
ultrastructural changes in the magnum during T and N1/88
infection and thus indicates that both of these Australian
strains of IBV have tropism for the upper reproductive tract
(Chousalkar and Roberts 2007a). Our findings support
previous suggestions that IBV is associated with the thinning
of albumen (Sevoian and Levine 1957; Butler et al. 1972). The
reduction in albumen quality, which also occurred during the

follow-up trial, suggests that this is a real and consistent effect of
challenge with the T and N1/88 strains of IBV.

The significantly lower yolk colour score in T-infected hens
from 2 to 4 weeks after infection needs further investigation as,
overall, feed intake did not vary significantly among the treatment
groups. Thisfinding regarding feed intakewas recorded earlier by
Roberts (2005) and may be due to altered lipid utilisation. In
addition, yolk colour score was not significantly affected by
challenge treatment during the follow-up trial.
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Fig. 5. (a) Haugh units and (b) shell reflectivity (means� s.e.) from 1 to 11 days after infection for the three infectious bronchitis virus (IBV) treatment groups
during the follow-up trial. Asterisks indicate which IBV-T and IBV-N1/88 strain means are significantly lower than the control group. Eggs were collected and
analysed on the same day.
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A reduction in shell colour as the result of IBV challenge
was observed in both the main challenge trial and the follow-up
trial, suggesting that this is a real and consistent effect of IBV
exposure. A significant increase in shell reflectivity in the
T-infected group was reported earlier by Jolly et al. (2005).
However, these results were found in vaccinated HyLine
Brown and HyLine Grey hens with no significant effect on
vaccinated Isa Brown hens. Temporary fading of shell colour
from N1/88 infection has not been reported previously but a
reduction in shell colour during IBV infection with other strains
has been reported (Cook and Huggins 1986). In the present
experiment, reflectivity was measured using a sensitive shell
reflectivity meter and pale shells were visually recorded only
between 4 and 8 days after infection. Abnormal shell whitening
(increase in shell reflectivity) usually occurs due to the deposition
of a superficial calcareous layer on the egg shell cuticle
(Hughes et al. 1986) and is observed in stress-related egg
retention in the shell gland (Mills et al. 1991). The shell
whitening in this study could be attributed to IBV infection-
induced stress on hens. Also, porphyrin pigment imparts colour
to the egg shell in brown egg-laying hens (Baird et al. 1975) and
alteration in pigment deposition during IBV infection is a
possible cause of egg shell whitening, although further studies
are essential to prove this. Paler egg shells may not be regarded
well by consumers.

Other measures of egg shell quality did not vary significantly.
Cook (1971) found deterioration in egg shell quality after
infecting laying hens with the Massachusetts strain of
IBV. We did not observe such findings in the present study,
which could be due to differences in the breed of hen or strain of
IBV. The trend towards the hens in the N1/88-infected group
having lower eggweight and higher breaking strengthmaybe due
to inherent differences among hens that were present before
challenge, although there was no significant variation in egg
weight among the treatment groups. Deformation was not
different among the treatment groups, a finding that is in
accordance with the study of Roberts (2005). Increase in shell
weight and shell thickness towards the end of the experiment
could be due to increase in egg weight as hens get older. Such
findingswere reported earlier in Isa Brown hens by Leary (1999).
There was no obvious pattern for shell percentage.

A decrease in egg shape index with progressive increase in
hen age was reported earlier by Leary (1999). However, in the
present study, the hens were in their early lay period. The change
in shape index in infected groups observed in the present study
could be attributed to the thinner albumen providing a less
firm substrate for the laying down of shell membranes and
shell or to alterations in the tone of the musculature of the
oviduct wall during IBV infection. However, little attention
has been paid to establish the cause of change in shape
index during IBV infection and further studies are necessary to
clarify this effect of IBV.

In conclusion, when the hens were challenged with the T and
N1/88 strains of IBV, there was deterioration in albumen quality,
which occurred for a short period in N1/88-infected hens but was
more prolonged in T-infected hens. This finding reflects the
uterotropism of Australian strains of IBV for the fully-
functional oviduct. Yolk colour score was lower than the
control only in T-infected hens, which could be due to

transient decreases in feed intake in T-infected hens. Egg shell
quality was affected only by changes in shell colour and shape
index. However, there does appear to be a significant and
consistent effect of challenge with both the T and N1/88
strains of IBV causing lightening of shell colour and
deterioration in albumen quality. Paler egg shells may not be
regarded well by consumers.
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