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Chapter 1

Broiler industry

Poultry is an important source of meat, worldwide, and the consumption of poultry
products is still increasing. According to Pearson and Dutson (1997) and De Haan
et al. (2001) this is due to increasing human population, religion (most world
religions do not prohibit the consumption of poultry meat), the western beauty
image (low fat percentage in poultry meat) and women working out doors in the
western world (poultry meat is fast and easy to cook). Also increasing welfare in
countries with enormous human populations like China and India plays an
important role. People have more money to spend and, moreover, poultry meat is a
rather cheap source of protein.

Broiler breeds are selected for their rapid growth: nowadays, broiler chicks are
growing from 50 g at day of hatch to more than 2 kg within 6 weeks. This genetic
selection in combination with production in industrialized systems has fulfilled the
increasing worldwide demand for poultry meat: over the last 40 years growth rate
of broilers has more than doubled (Julian, 1998). This rapid growth, however,
poses these birds for high demands. The greater part of ingested energy is invested
in growth, and Rauw et al. (1998) concluded that broilers, selected for high
production efficiency, seem to be more at risk for welfare and health problems.
Among other reasons, the rapid growth and high flock density might explain the
frequent occurrence of a variety of health problems in broilers (Barlett, 1988). In
this context, infectious diseases are important in broiler industry due to increased
mortality, growth retardation, and the curative and preventive use of antibiotics and
chemotherapeutics. Moreover, economic losses may result from loss of uniformity
of the flock and condemnations in the slaughterhouse (Goren, 1991; Vandemaele et
al., 2002; McKissick, 2006).

Worldwide, colibacillosis is one of the most important causes of economic losses
for broiler industry (Gross, 1991; Yogaratnam, 1995).

Colibacillosis

According to Barnes et al. (2003), colibacillosis in chickens refers to any localized

or systemic infection caused entirely or partly by Escherichia coli (E. coli). E. coli
is a gram-negative, flagellated bacterium, which is part of the normal flora in the
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digestive tract of chickens. In general E. coli is of low pathogenicity for chickens
(Hofstad et al., 1978; Nakamura et al., 1992), but pathogenic avian strains of E.
coli (APEC) are identified, which belong to a small range of serotypes including
078:K80, O1:K1 and O2:K1 (Hofstad et al., 1978; Wray et al., 1996; Mead and
Griffin, 1998).

Broilers suffering from colibacillosis are depressed, show respiratory distress and
growth retardation. Mortality usually remains below 5%, but morbidity often
reaches more than 50% (Wray et al., 1996; Vandekerckhove et al., 2004). Several
pathological signs due to an infection with an E. coli strain can be distinguished in
poultry: septicemia, granuloma, inflammation of air sacs, cellulitis, swollen head
syndrome, peritonitis, salpingitis, osteomyelitis, panophalmitis and omphalitis/yolk
sac infection. More detailed information about E. coli infections is reviewed by
Landman and Cornelissen (2006). In broilers, colibacillosis mainly results in
respiratory infections (airsacculitis) and peritonitis/ pericarditis (Gross, 1961;
Goren, 1978; Pourbaksh et al., 1997).

Day-old chicks may become infected via the yolk sac, but in older chicks the
infection is considered to be mainly airborne. Young broiler chickens up to three
weeks of age are highly susceptible to the disease, but chickens of four weeks and
older are considered quite resistant to primary colibacillosis (Goren, 1978).
However, various risk factors may increase the susceptibility of broilers to
colibacillosis, e.g. respiratory viruses and environmental factors like dust and high
concentrations of NH; and CO,. In addition, the E. coli concentration in the air of
the broiler house is an important factor. In general this concentration is highest in
the second half of the production period due to increased production of droppings;
and especially in winter due to limited ventilation. Airborne dust particles in broiler
houses can contain 10°-10° E. coli bacteria/g and these bacteria may persist for
long periods (Harry and Hemsley, 1965). As a consequence, colibacillosis most
frequently occurs in the second half of the production period in flocks reared in the
cold season.

Colibacillosis is mainly treated with antibiotics, but the use of these drugs is
costly and the period in which broilers can be treated is limited because of the
withdrawal period. Moreover, treatment often does not result in sufficient recovery
before slaughter (Goren, 1991). So, colibacillosis is an often reported observation
in slaughterhouses, and responsible for a considerable part of condemnations at
processing (Yogaratnam, 1995).
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As stated, several risk factors for colibacillosis have been identified, but their
importance may vary. Often reported predisposing factors are infections of the
respiratory tract by pathogens like Infectious Bronchitis virus (IBV), Newcastle
disease virus (NDV), Avian pneumovirus (APV) and Mycoplasma gallisepticum
(Mg) (Goren, 1991; Nakamura et al., 1992; Turpin et al., 2002; Vandekerchove et
al., 2004). In the Netherlands, IBV is probably the most important triggering factor
for colibacillosis in broilers as the virus is isolated frequently in many regions of
the country; the latter in contrast to the other respiratory pathogens (J.J. de Wit,
personal communication)

Infectious Bronchitis

The term “Infectious bronchitis” (IB) was introduced by Schalk and Hawn in 1931
to describe the clinical and pathological features of a transmissible respiratory
disease of chicks in the USA. Beach and Schalm (1936) isolated the aetiological
virus, which was unrelated to any other virus known at that time and was named
‘infectious bronchitis virus’. The first propagation of the virus in embryonated
chicken eggs was reported in 1937 by Beaudette and Huston.

The virus is round to pleomorphic in shape. It has an envelope with club-shaped
surface projections named spikes. Based on these spikes, the virus was classified as
a coronavirus, from “corona”, the Latin word for crown. Initially it was assumed
that only a single serotype of IBV existed: the Massachussets serotype represented
by the M41 strain. However, Jungherr et al. (1956) reported the isolation of another
strain i.e. the Connecticut 46 strain, which differed serologically from the M41
strain. Since then, numerous publications from all over the world have shown a
wide variety of serologically different IBV strains (variant serotypes) (e.g. Dawson
and Gough, 1971; Lohr, 1976; Doi et al., 1982; Locher et al., 1983a,b; Cook, 1984;
Davelaar et al., 1984).

The virus predominantly affects the respiratory tract, but beside it also the
intestinal tract, the kidneys and the oviduct. IB may result in reduced feed
consumption and weight gain. Young chicks (up to 4-5 weeks of age) show clinical
signs after IBV infection: mucous nasal discharge, sneezing, tracheal rales and wet
eyes (Hofdstad, 1984). Especially mucous nasal discharge is a typical sign of
infection with a virulent IBV strain and often affects 100% of the birds of an
infected flock (Matthijs et al., 2003).
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Vaccines have been developed to reduce clinical signs and economic losses due
to IB and they are widely applied. IBV strains attenuated by chicken embryo
passage are used as vaccines. These live vaccines are usually applied by spray and
they hardly induce clinical signs, such as mucous discharge (Gough and Alexander,
1979). The vaccines are able to induce good clinical protection against a field virus
infection of the same serotype as the vaccine strain, but vaccination may fail when
infection with strains of other serotypes occurs (Davelaar et al., 1984; Cavanagh
and Nagqi, 1997)

Generally, broilers are vaccinated at day of hatch or at approximately 14 days of
age. Although IB vaccine viruses do not seem to be virulent, they are still able to
replicate in respiratory epithelia (Cavanagh, 2003; Cavanagh, 2007). Farsang et al.
(2002) in Sweden and Meulemans ef al. (2001) in Belgium isolated IBV vaccine
like strains from flocks that had not been vaccinated against IB. These findings
suggest that vaccine strains just like virulent strains are able to spread between
flocks. This is supported by the results of an inventory study in 10 broiler flocks in
The Netherlands by Lambers et al. (2000). They found antibodies to IBV in all
tested birds, although IB vaccination had not been applied and nasal discharge had
not been noticed in these birds. The condemnation rate due to colibacillosis in these
broiler flocks was, however, rather high. This might imply that not only virulent
IBV could be a predisposing factor for colibacillosis, but also IB vaccine virus.

Furthermore it is important to notice that Dutch broiler farmers vaccinate against
IB not only to prevent clinical signs of this disease but also to combat increasement
of susceptibility for colibacillosis in case the birds become infected with virulent
IBV. The foregoing considerations resulted in three research questions as given in
“scope of the thesis” (questions 1, 2 and 3).
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Scope of the thesis

The research approach was experimental, to exclude variation due to other factors

than IB.

First, the following three questions have been investigated:

1.

The first research question (Chapter 2) was to assess the ability of IB
vaccine virus to enhance the susceptibility for colibacillosis in comparison
with this ability of virulent IBV. In this study an infection was carried out
with a virulent IBV strain (D387 or M41) or an IBV vaccine strain (H120
or H52), followed by infection with E. coli. Clinical signs and pathological
findings after the superinfection were recorded and compared.

The second research question to be investigated was whether an IBV
vaccine virus (H120) was able to spread in a flock (Chapter 3). Only if
vaccine viruses can spread efficiently, they could be a potential risk factor
for the occurrence of colibacillosis, as only then they might be able to
spread from one flock to another. For this study, a transmission experiment
was carried out with a vaccine strain (H120) and a virulent strain (M41).
The reproduction ratio was calculated from the number of contact-
infections in each group.

The third research question was to determine whether vaccination with
IBV vaccine was able to protect broilers against an E. coli superinfection
after infection with a virulent IBV virus (Chapter 4). In this experiment
broilers were vaccinated against IB (H120); four weeks later birds were
infected with a virulent IBV strain (M41) of the same serotype as the
vaccine virus followed by superinfection with E. coli. Clinical signs and
pathological findings after the superinfection were recorded and compared
between vaccinated and unvaccinated birds.

Secondly, underlying mechanisms of the increased susceptibility for colibacillosis
after IBV infection were studied. A better understanding of the processes involved
in this phenomenon might contribute to develop other types of vaccines, or to
develop intervention measures with respect to prevention of colibacillosis. In
addition, a suitable animal model in which the pathogen-host interactions can be
studied using ‘natural’ pathogens, might contribute to the understanding of
superinfections more in general.
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Two presumed mechanisms by which IBV may facilitate the occurrence of
colibacillosis were investigated: damage of the epithelium due to replication of
IBV and/or by means of an immune reaction of the host. For this purpose,
immunological and histological changes following a superinfection with E. coli
were investigated; more in detail:

4. The development of histological lesions in the respiratory tract after a
single E. coli infection compared to infection with E. coli following
previous IBV infection, was studied (Chapter 5).

5. The dynamics of the infection with IBV followed by the E. coli infection in
combination with the dynamics of the immunological response was
determined: various cell types involved in the immune response were
stained in histological slides, and the location of the two pathogens in
various tissues was determined (Chapter 6).

6. The dynamics of pro-inflammatory cytokines and the functional activity of
macrophages were determined (Chapter 7).
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E. coli susceptibility of IBV infected broilers

Summary

The ability of Massachusetts type vaccine virus and virulent infectious bronchitis
(IB) field virus to increase colibacillosis susceptibility were compared. In four
experiments, female commercial broilers housed in isolators, were infected at 29
days of age intratracheally (i.t.) and oculonasally with IB vaccine strains (H120 and
H52) or virulent IB field strains (D387 and M41) (4.8 or 6.8 log;o EIDsy/broiler).
Five days later E. coli 506 strain was given i.t. (5.6 to 8.8 log;o cfu/broiler). The
incidence of nasal discharge at 3 and 5 days after IB virus infection was the
parameter used to assess the clinical effect of the IB infection, while mortality,
body weight uniformity and E. coli lesions at 7 days following E. coli inoculation
were used as parameters for colibacillosis. Nasal discharge was observed in 6/117
(5%), 26/119 (22%), 35/119 (29%) and 115/120 (96%) of broilers infected with
H120, H52, D387 and M41 virus respectively. Apart from H52 and D387,
differences between IBV strains were significant. In contrast, generally IB vaccine
viruses and virulent IB viruses did not differ significantly in their ability to induce
colibacillosis susceptibility. Mean colibacillosis lesion score (MLS) of H52 virus
infected birds (range: 3.7 to 5.4) even significantly exceeded the MLS of birds
infected with the other IB viruses (range: 1.9 to 4.2). The ability of H120 virus to
induce colibacillosis susceptibility tended to be the weakest. The practical
consequences of these findings are discussed.
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Introduction

Colibacillosis (fibrinous polyserositis) in commercial broilers is of major clinical
and economic importance. The disease mainly occurs in the second half of the
growing period following respiratory tract damage. Amongst other factors, poor
climatological house conditions, infections with respiratory viruses and/or
mycoplasmas might cause damage of the respiratory tract, resulting in increased
susceptibility to colibacillosis (Goren, 1978; 1991; Gross, 1990; Dho-Moulin and
Fairbrother, 1999). Amongst respiratory infections of chickens, infectious
bronchitis virus (IBV) plays a dominant role (Yoder et al., 1989; Nakamura et al.,
1992; Cook and Mockett, 1995; Glisson, 1998). Under experimental conditions,
both infections with field or vaccine strains of IBV increase colibacillosis
susceptibility in chickens (Goren, 1978; Smith et al., 1985; Cook et al., 1986). As
live IBV vaccine strains, such as H120 and H52, are widely used (Sharma, 1999),
they might play an important role in the induction of colibacillosis in the field. This
seems especially relevant to broilers, as these birds are more sensitive to
colibacillosis than layers (Goren, 1991). Therefore, it is of interest to compare the
ability of IB vaccine and field viruses to increase susceptibility to colibacillosis.

Although some work has been done previously on E. coli susceptibility in
chickens in combination with IB vaccine (H120; H52) and virulent IB virus (M41)
(Smith et al., 1985; Cook et al., 1986), we considered it necessary to perform more
research in commercial broilers for the following reasons. Smith ez al. (1985) and
Cook et al. (1986) inoculated specified pathogen free (SPF) Rhode Island Red
(RIR) chickens with vaccine or M41 virus in combination with a pool of E. coli
strains in order to develop an IBV-E. coli infection model and to examine the
efficacy of IB vaccination with the aid of this model, rather than to compare
vaccine strains with virulent IB strains for their ability to increase colibacillosis
susceptibility.

Moreover the result of their studies were conflicting: Smith ez al. (1985) found
no distinct differences in mortality after intranasal infection of 9-day old SPF RIR
chicks with mixtures of H120, H52 or M41 virus and a pool of E. coli strains,
while Cook et al. (1986), using the same infection model, observed mortality rates
in 25-day-old SPF RIR chicks of 14% and 73% following infection with H120 and
M41 virus in combination with the E. coli pool, respectively. Additionally,
published research on this theme in broilers is lacking and results obtained in SPF
RIR chicks cannot be extrapolated to commercial broilers as the strain of chicken
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used might be of importance (Smith et al., 1985). Finally, as both IBV and E. coli
are probably mainly airborne (Goren, 1978; 1991; Cook and Mockett, 1995;
Glisson, 1998; Dho-Moulin and Fairbrother, 1999), intranasal inoculation alone, as
performed by Smith er al. (1985) and Cook et al. (1986), might result in
insufficient exposure of the lower respiratory tract to the pathogens. Therefore in
our study IBV was applied intratracheally (i.t.) and oculonasally and E. coli was
applied i.t.

The present study aimed to compare Massachusetts type IB vaccine and virulent
field viruses in their ability to increase colibacillosis susceptibility in a broiler
breed of chicken. Two IBV vaccine strains H120 and H52 and two virulent IBV
field strains D387 (Davelaar and Kouwenhoven, 1976; Davelaar et al., 1984) and
M41 were used.

Material and methods

Experimental chickens

For each of 4 experiments, eighteen days incubated hatching eggs originating from
a Mycoplasma gallisepticum free broiler parent (Cobb) flock, were obtained from a
commercial hatchery and subsequently hatched at the Spelderholt Poultry Research
Centre in Beekbergen, the Netherlands. At day of hatch (= day 0) chickens were
sexed cloacally. As body weight was one of the parameters only female chickens
were used.

Housing, feeding and management
From day 1, chicks were housed in negative pressure HEPA isolators (Beyer and
Eggelaar, Utrecht, The Netherlands) with a volume of 1.3 m’ and fitted with a wire
floor of 1.05 m®. Isolators were ventilated at a rate of approximately 30 m*h™.
Chickens were fed a commercial ration containing 12.4 MJ of metabolisable
energy per Kg and 19.5% crude protein. To diminish leg disorders and hydrops
ascites, after a period of ad [libitum supply, the feed was restricted on ‘skip a day
base’. Restriction was approximately 15% of the ad /libitum intake. Skip a day
feeding started at day 18 in experiment 1; at day 16 in experiment 2 and at day 15
in experiments 3 and 4.
In experiment 1, birds were fed until removed from the isolators at day 41; in the
other experiments feed was withdrawn at day 40 at 16:00 h. Tap water was
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provided ad libitum throughout the experimental period. Up to the start of feed
restriction, 22 h light was given per 24 h, thereafter it was reduced to 16 h. From
day 4 onwards red light was given to prevent cannibalism. Isolator temperature was
gradually decreased from 35°C at day 1 to 20°C at day 31. From day 31 to the end
of the experiment isolator temperature was kept at approximately 20°C.

Inocula

IB vaccines were obtained as commercial freeze-dried 1000 doses vials of H120
(Nobilis IB H120, batch 90046C containing 1034 EIDs, of virus per vial; Intervet,
Boxmeer, The Netherlands) and H52 (Nobilis IB H52, batch 91056B, containing
10”7 EIDsy of virus per vial). Virus titres were kindly provided by Intervet,
Boxmeer, The Netherlands.

The IB D387 strain used, is a virulent field strain of the Massachusetts serotype
(Davelaar et al., 1984; Kusters ef al., 1987) and was isolated in The Netherlands by
Davelaar and Kouwenhoven (1976). Allantoic fluid of SPF eggs, yielding IB D387
virus in its 8" egg passage and with a virus titre of 10”° EIDsy/ml was prepared by
the Dutch Animal Health Service (Deventer, The Netherlands), and stored at —70°C
until used. The virulent Massachusetts IB M41 strain was obtained from Intervet as
virus-containing allantoic fluid, with a virus titre of 10** EIDse/ml. The virus had
undergone 10 passages in SPF embryonated eggs. Allantoic fluid was stored at —
30°C until used. All IBV inocula were prepared in aqua destillata just prior to use,
in such a manner that inocula with virus titres of 10*” EIDso/ml or 10%” EIDso/ml
were obtained.

The E. coli strain 506 (O78; K80) is a flumequine resistant strain isolated from an
inflamed pericardium of a commercial broiler suffering from natural colibacillosis
(Van Eck and Goren, 1991). The ability of the E. coli 506 strain to cause
colibacillosis in SPF chickens and commercial broilers, which had been exposed to
live IB vaccine or Newcastle disease vaccine virus, was demonstrated by Goren
(1978) and Van Eck and Goren (1991). Colibacillosis could be induced following
1.t. inoculation up to at least 28 days of age.

The inocula were prepared by submersing one frozen bead (-70°C) of a batch
containing the E. coli 506 strain in a required volume of 0.1% glucose broth. After
20 h of incubation at 37°C tenfold dilutions were made using PBS according to
international standards (ISO6887, 1983).

In experiments 1 and 2, cultures diluted 1:10 were used, resulting in
concentrations of 10”* and 10*® colony forming units (cfu)/ml respectively. In
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experiments 3 and 4, the cultures were diluted 1:1000. The final concentrations
were 10°® cfu/ml. Control of the bacterial concentrations was performed according
to international standards (ISO7402, 1985).

Experimental design and inoculations

Four experiments were performed. At day 1, female chicks were individually
tagged and weighed. Per experiment ten groups, each consisting of fifteen birds,
were formed. As body weight was one of the parameters used, groups were given
the same body weight distribution at day 1. Each group was housed in a separate
isolator.

Data on IBV and E. coli inoculations are given in Table 1. At day 29 IBV
inoculation was performed by the oculo-nasal route, allowing one droplet with a
volume of approximately 0.05 ml in each eye and nostril, and i.t. (1.0 ml per bird).
Each of the IBV strains used (H120, H52, D387 and M41) was given to birds in
two isolators, where a different dose was used in each isolator (6.8 logj,
EIDs/broiler or 4.8 log;y EIDs¢/broiler). The E. coli 506 strain was administered i.t.
at day 34 in a volume of 1.0 ml/bird. In experiments 1 and 2 high E. coli doses
were administered; whereas a lower dose was given in experiments 3 and 4 (see
Table 1). An E. coli control group (Table 1; group 9) and a placebo group (Table 1;
group 10) were included in each experiment.

L.t. application of IBV and E. coli was performed using a 1.0 ml syringe fitted
with a blunt-ended pipette tip (Corning, N.Y., cat. no. 4862, USA). Assessment of
clinical signs, mortality, body-weight, antibody titres to IB M41 and E. coli lesion
scores was performed as given below. Experiments ended at day 41.

Clinical observations

Mortality was recorded daily. Dead birds were stored at —20°C until postmortem
examination at day 41. Clinical signs resulting from IB infection were determined
at days 29, 32, 34 and 41 (at day of IBV inoculation and 3, 5 and 12 days later) by
individual scoring of birds with mucous nasal discharge. Hereto mild pressure was
applied directed from the nasal bone region towards the nostrils.
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Table 1. Experimental design: IBV and E. coli 506 inocula, doses and
administration routes used in four experiments to study the effect of IBV on
induction of colibacillosis in broiler chickens

IBV oculonasally (one drop in each eye and E. coli 506 intratracheally (CFU [log10]/broiler in 1 ml) at 34

nostril) and intratracheally (1 ml/bird) at 29 days of age
days of age
Experiments 1 to 4 Experiment 1° Experiment 2° Experiments 3 and 4°
Group® IBV strain EIDsq/broiler (og10)
1 H120 6.8 7.8 8.8 5.6
2 H120 4.8 7.8 8.8 5.6
3 H52 6.8 7.8 8.8 5.6
4 H52 4.8 7.8 8.8 5.6
5 D387 6.8 7.8 8.8 5.6
6 D387 4.8 7.8 8.8 5.6
7 M41 6.8 7.8 8.8 5.6
8 M41 4.8 7.8 8.8 5.6
9 Distilled - 7.8 8.8 5.6
water
10 Distilled - PBS-diluted PBS-diluted PBS-diluted
water glucose broth glucose broth glucose broth

*Number of birds per group = 14 or 15; each group was housed in a separate isolator.
°A 20 h glucose broth culture of E. coli 506 diluted 10™" in phosphate-buffered saline (PBS) was used.
°A 20 h glucose broth culture of E. coli 506 diluted 10 in PBS was used.

Clinical inspections were done blindly. A bird was recorded as having nasal
discharge due to IBV infection, when this clinical sign was observed on either one
or both sides and either on day 32 or day 34 or on both occasions. From day 29
(day of IBV inoculation) feed troughs were checked daily for the presence of feed
as feed consumption was used as parameter of disease.

Body weight and body weight uniformity

Birds were weighed individually at day 29 (day of IBV inoculation), at day 34 (day
of E. coli inoculation) and at day 41 (end of experiment). Then the body weight
uniformity was calculated. Body weight uniformity is defined as the percentage of
birds with a body weight between mean body weight minus 10% and mean body
weight plus 10%.
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Serological examination

For each hatch, maternally derived haemagglutination inhibition (HI) antibodies to
IBV M41 were determined on 24 surplus chickens at day-old. Blood samples were
collected after decapitation. At day 29 (day of IBV inoculation) and day 41 (end of
experiment) all broilers were vein punctured (vena ulnaris at day 29 and vena
Jjugularis at day 41), and blood samples were also examined for HI antibodies
against IBV M41. The HI test using 8 haemagglutinating units was performed as
described by Alexander and Chettle (1977). Titres are expressed as log, of the
reciprocal value of the highest serum dilution showing complete HI. Titres
exceeding log, 4 were considered positive.

Postmortem examination

At day 41 the experiments were ended. Birds were humanely killed and terminal
blood samples were collected. Colibacillosis lesions were scored macroscopically
in the following organs: right thoracic airsac, left thoracic airsac, pericardium and
liver. Thoracic airsac lesions were considered as representative for E. coli
pathology of the respiratory tract. Birds with pericardium and/or liver lesions are
referred to as systemically infected.

Lesion scoring was performed as described by Van Eck and Goren (1991) using
the following criteria: 0 = no lesions, 0.5 = one yellow/brown pinhead-sized spot
indicative of inflammation, 1 = two or more pinhead-sized spots as described at
score 0.5, 2 = thin layer of fibrinous exudation on various locations, 3 = thick and
extensive layer of fibrinous exudation. The maximum score per bird is twelve.
Mean lesion scores per group were calculated. Postmortem examination was
performed blind. Birds that died during the experiment were also necropsied.

In each of the experiments, bacteriological analysis was performed of spleen,
thoracic airsac, heart and liver of 10 birds. Up to a maximum of 5 birds, that died
during the course of the experiment and lacked macroscopical E. coli lesions were
selected. To complete the 10 birds for bacteriology, the missing chickens were
selected from the surviving birds showing E. coli pathology at postmortem. Apart
from the selection criteria stated, birds for bacteriological examination were
collected ad random.

Samples were cultured on sheep blood agar plates (ALVOE 009, bioTrading,
Mijdrecht, The Netherlands) and incubated overnight (37°C + 1). Colonies were
identified using Bactident” E. coli (Merck, no. 13303, Amsterdam). Thereafter the
antibiotic sensitivity profile of isolates was established following the ICS guideline
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(Ericsson and Sherris, 1971). Isosensitest agar plates (ALVOE 033, bioTrading)
and Neo-Sensitabs®™ (Rosco, no. 21460, Taastrup, Denmark) were used. The
following antibiotics were tested: ampicillin, tetracycline, flumequine,
enrofloxacine, trimethoprim-sulfa and neomycin. The MIC-breakpoints were
established as recommended by the Dutch Working Group on Guidelines for
Sensitivity Criteria (Mouton and van Klingeren, 1981).

Statistical analysis

Data were subjected to analysis of variance (ANOVA) in the R programme with
treatment as main effect. The experiment was included in the statistical model as an
additional independent variable, because the data originated from four experiments.
Moreover, interaction terms were also taken into account by the model. Treatment
means were tested for statistically significant differences with the use of Turkey
HSD at 95% confidence level.

Ethics

Birds were housed, handled and treated following approval by the Animal
Experimental Committee of the Veterinary Faculty of Utrecht University, The
Netherlands, in accordance with the Dutch regulation on experimental animals.

Results

As, for each experiment none of the parameters differed significantly between
groups inoculated with different doses of the same IBV strain, results of these
groups are presented combined.

The number of birds with nasal discharge and M41 HI titres is presented in Table
2; mortality following E. coli 506 inoculation, body weight uniformity at day 41
and E. coli lesion scores at day 41 is given in Table 3.

Mortality

In the period between IBV and E. coli administration (day 29 to 34) only one chick
died at 5 days following IBV M41 inoculation due to fibrino-bronchopneumonia.
Mortality following E. coli 506 administration is given in Table 3.
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Table 2. Nasal discharge and mean M41 HI (log,) titre in female commercial broiler chickens inoculated with IBV vaccine or

field virus at 29 days of age followed by E. coli 506 administration at 34 days of age.

Group 1+2 3+4 5+6 7+8 9 10

IBV strain H120 H52 D387 M41 Agq. dest. Aq. dest.

E. coli 506 +* + + + + PBS diluted glucose
broth

Size of groups at 29 28 to 30 29 or 30 29 or 30 30 14or15 15

days of age

Experiment Broilers with nasal discharge at 32 and/or 34 days of age

1 0 6 10 25 0 0

2 1 3 5 30 0 0

3 0 7 10 30 0 0

4 5 10 10 30 0 0

Anova® A B B C A A

Experiment Mean M41 HI (log,) titre + s.d. at 41 days of age

1 54+1.6 79+1.9 69+1.5 93+1.0 3.0+0.0 3.0+0.0

2 50+1.5 7.0+ 1.0 73+1.3 8.6+13 3.0+0.0 3.0+0.0

3 43+1.4 5.8+0.9 57+1.2 55+09 3.0+0.0 3.0+0.0

4 58+1.0 74+13 75+1.5 9.8+0.9 3.1+04 3.0+0.0

Anova’ A B B C D D

2E. coli 506 inoculated
*°Columns with different capital letter differ significantly (P <0.05).
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The mortality in all experiments combined following E. coli administration was
10/117 (9%), 10/119 (8%), 4/119 (3%) and 11/119 (9%) in birds inoculated with
H120, H52, D387 and M41 respectively. In the E. coli control groups (group 9) and
the placebo groups (group 10) mortality was 3/59 (5%) and 0/60 (0%) respectively.
The total mortality in experiments 1 and 2 (high E. coli dose) following E. coli
inoculation was 24; 6 of these birds died within 48 h of E. coli inoculation. In
experiments 3 and 4 (lower E. coli dose) total mortality following FE. coli
inoculation was 14, of which 7 birds died within 48 h of E. coli inoculation.
Neither the effect of the IBV treatment nor the effect of the E. coli treatment were
statistically significant.

Clinical disease signs

At day 29 (day of IBV inoculation) nasal discharge was not observed. The number
of broilers with nasal discharge at 32 and/or 34 days of age is given in Table 2.
Almost all M41 inoculated birds developed nasal discharge while none or only a
low percentage of the birds given H120 did. The number of birds with nasal
discharge following H52 or D387 inoculation was in between.

Apart from H52 and D387, the IBV strains differed significantly from each other
in their ability to induce nasal discharge. The number of birds with nasal discharge
at day 34 was equal to or greater than at day 32. In this regard no obvious
differences were found between IBV strains. At day 41 (end of experiments) nasal
discharge was not observed anymore. All groups finished their allowance of feed,
but IBV and E. coli inoculated chickens took longer to do so.

Body weight, body weight uniformity and postmortem examination

The mean body weight of day-old chicks was 43 g in experiments 1, 2 and 4, and
47 g in experiment 3. At day 29, 34 and 41 the mean body weight of groups did not
differ significantly within and between experiments. The mean body weight of all
groups at day 29, 34 and 41 was in order of magnitude of 1.0, 1.2 and 1.5 kg
respectively. The body weight uniformity of all groups at days 29 and 34 ranged
from 79 to 100. Differences were not significant. Body weight uniformity and E.
coli lesion scores at day 41 are given in Table 3.

Depending on the E. coli dose, in groups only inoculated with this bacterium
(group 9) mean lesion scores varied from 0.1 to 1.2, the percentage of affected
birds from 7 to 23 and the percentage of chicks with systemic E. coli infection from
0to 14.
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Table 3. Mortality, body weight uniformity and colibacillosis lesions in female commercial broiler chickens inoculated with
IBV vaccine or field virus at 29 days of age followed by E. coli 506 administration at 34 days of age. In experiments 1 and 2 a
high E. coli dose was applied; in experiments 3 and 4 a lower dose was given. At 41 days of age the experiments were ended
and examinations were performed.

Group 1+2 3+4 5+6 7+8 9 10
IBV strain H120 H52 D387 M41 Aq. dest. Aq. dest.
E. coli 506 +* + + + + PBS diluted glucose broth
Size of groups at 28 to 30 29 or 30 29 or 30 30 14 or 15 15
29 days of age
1 1 2 0 2 2 0
2 6 5 2 3 1 0
3 3 1 1 4 0 0
4 0 2 1 2 0 0
ANOVA® A A A A A A
Experiment Body weight uniformity*
1 79 57 59 44 100 93
2 63 42 57 56 71 100
3 70 83 79 84 100 93
4 63 61 66 71 86 87
ANOVA® A,B A A A B B
Mean colibacillosis lesion score of surviving broilers
1 1.9 4.6 2.8 3.1 0.5 0.0
2 3.5 5.4 42 38 1.2 0.0
3 2.1 3.9 2.1 2.5 0.1 0.1
4 2.6 3.7 2.3 3.6 0.1 0.0

ANOVA' A B A,C C D D




Group 1+2 3+4 5+6 7+8 9 10

IBV strain H120 H52 D387 M41 Aq. dest. Aq. dest.
E. coli 506 +* + + + + PBS diluted glucose broth
Size of groups at 28 to 30 29 or 30 29 or 30 30 14 or 15 15

29 days of age

Percentage of surviving broilers with colibacillosis

1 59 96 83 89 23 0
2 82 100 86 93 21 0
3 81 93 90 96 7 7
4 83 100 86 100 7 0
ANOVAS A B A,B B C C
Percentage of surviving broilers with systemic colibacillosis
1 4 36 24 19 8 0
2 36 54 50 37 14 0
3 11 17 10 4 0 0
4 23 29 14 29 0 0
ANOVA" AC A A AC B,C B

®E. coli 506 inoculated.

°In the period between IBV and E. coli 506 administration only one chick died (exp. 3; group 7).

“Percentage of birds with a body weight between mean body weight plus 10% and mean body weight minus 10%.
hColumns with different capital letter differ significantly (P <0.05).
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Body weight uniformity at day 41 varied from 71 to 100 between experiments.
The placebo groups (group 10) showed no E. coli lesions (except one bird in
experiment 3: both thoracic airsacs scored 0.5) and the body weight uniformity
ranged from 87 to 100. The E. coli control groups (group 9) and the placebo groups
(group 10) did not differ significantly in any of the parameters.

All IBV and E. coli inoculated groups (groups 1 to 8) showed depressed body
weight uniformity, greatly increased mean FE. coli lesion scores and a high
percentage of birds with airsacculitis and systemic colibacillosis in comparison
with E. coli control groups (group 9) and placebo groups (group 10). Generally,
these differences were significant.

No significant differences were observed between IBV strains regarding body
weight uniformity and percentage of chicks with systemic colibacillosis. H52
vaccine virus (groups 3 and 4) possessed the strongest ability to increase
colibacillosis susceptibility considering all aspects of colibacillosis lesions
evaluated. The mean lesion scores were significantly higher than those of other
IBV inoculated groups. H120 vaccine virus (groups 1 and 2) seemed to have the
least effect on the increase of colibacillosis susceptibility as body weight
uniformity and percentage of chicks with systemic colibacillosis did not differ
significantly from birds inoculated with E. coli alone.

An E. coli dose effect was established. Highest doses (experiments 1 and 2)
produced lowest body weight uniformity and highest mean lesion scores. Mean
lesion scores increased mainly due to an increase in the number of birds with
systemic colibacillosis rather than an increase in the percent of affected birds.

In experiment 2 an E. coli dose of 8.8 log;o cfu/bird was given (highest dose of
all experiments). Body weight uniformity in this experiment was significantly
below the uniformity in experiment 3 and mean lesion scores were significantly
above those assessed in experiments 1 and 3. Moreover, the number of birds with
systemic colibacillosis in this experiment was significantly increased compared to
the number of birds with systemic colibacillosis in all other experiments.

Nearly all birds that died within 48 h after E. coli inoculation lacked
macroscopical E. coli pathology, but E. coli could be isolated from them. From
14/27 (52%) of surviving chicks with E. coli lesions, E. coli was cultured. All E.
coli isolates showed an antibiotic sensitivity pattern identical to that of E. coli 506.
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Serology
Mean maternally derived M41 HI antibodies + s.d. at day-old ranged from 5.9 +
1.4 to 10.3 £ 1.0 between experiments.

At day 29 HI IBV antibodies were not detected in any of the groups (log, titres
<4), this was also the case in non-IBV inoculated groups (groups 9 and 10) at day
41. M41 HI titres at day 41 are presented in Table 2. Except for experiment 3,
mean log, M41 titres were approximately log, 8 to 10 in M41 inoculated birds
(groups 7 and 8), log, 7 to 8 in H52 and D387 inoculated birds (groups 3, 4, 5 and
6) and log, 5 to 6 in H120 inoculated chickens (groups 1 and 2). Titres induced by
different IBV strains differed significantly, except for H52 and D387 (groups 3, 4,
5 and 6). In experiment 3 the mean HI titres of all the IBV inoculated groups were
significantly below the titres of the corresponding groups in other experiments.

Discussion

In the present study, the E. coli 506 strain was given i.t. as colibacillosis in broilers
is probably mainly airborne (Goren, 1978; 1991; Cook and Mockett, 1995; Glisson,
1998; Dho-Moulin and Fairbrother, 1999). Physical damage as a consequence of
i.t. inoculation of chickens previously given IBV by the same route might have
influenced the results. However, this is unlikely, as the width of the pipette tip used
for i.t. inoculations related to the width of the trachea as well as the volume of the
inoculum (1 ml/bird) related to the total capacity of the respiratory system of 34
days old broilers were very small. Nevertheless, an effect of physical damage
cannot be ruled out completely. Unfortunately, it is impossible to incorporate a
control group to assess such an effect as birds following physical damage of the
respiratory tract only will develop colibacillosis in case E. coli bacteria are
administered as well. Physical damage of the respiratory tract can be avoided by
aerosol application. However, from preliminary studies it appeared that E. coli
doses as used in the present study could not be achieved by far within a reasonable
period of time, following aerosol exposure (J.H.H. van Eck, 1994, unpublished
results).

The effect of E. coli 506 inoculation was assessed 7 days later, as at that time the
number of affected birds was expected to be highest as shown previously by Goren
(1978). Smith et al. (1985) found the interval between the administration of IBV
and of E.coli, within broad limits, of no importance. In contrast, both Goren (1978)
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and Peighambari et al. (2000) found maximal effects using an interval of 4 to 6
days. Therefore, in our study an interval of 5 days was used. Since E. coli 506
inoculation was performed on a fixed day (5 days after IBV inoculation), results
obtained in this study might have been influenced by differences in dynamics of
infection between IB viruses i.e. results might have been influenced in case tissue
virus titres, and as a consequence tissue damage did not develop synchronically
after infection with different IBV strains. However, this is unlikely. Darbyshire
(1985) found no significant differences in virus yield in the trachea of SPF RIR
chickens four days after i.t. challenge with either H120, H52 or M41 virus.
Moreover, in our study all IBV infected groups showed maximum numbers of
birds with nasal discharge at the same moment i.e. at five days after inoculation.

Whether or not the E. coli doses used in the present study mimic field
circumstances in not easy to judge. During the second part of the growing period,
total bacterial counts of 107 to 10® per m® house air were obtained in broiler houses,
while 10° to 10* E. coli bacteria per m® air were detected (Harry and Hemsley,
1965; Carlson and Whenham, 1968). Goren, also isolated 10° to 10* E. coli bacteria
per m® house air and considered these bacteria as pathogenic as gas production was
observed during culture in McConkey medium at 42°C (Goren, Poultry Health
Service Doorn, personal communication, 1981). Considering the tidal respiratory
volume of a 4- to 5-week-old broiler at 20 | per h (Powell, 2000), an E. coli uptake
of 10" to 10° cfu/h per bird was estimated. This dose is below the doses used in the
present study (10°° to 10*® cfu per bird). It should be considered however that
under field circumstances the E. coli exposure is continuous, while in the present
study a single dose was given. Moreover, avian colibacillosis as it is observed
under natural conditions, characterised by low to moderate mortality, low to
moderate incidence of septicemic lesions and a high percentage of birds with
airsacculitis, was reproduced.

While the first experiment was in progress it became clear that as all groups
finished their allowance of feed, mean body weight was not a useful parameter, in
contrast to body weight uniformity. Body weight uniformity is an important
parameter of flock health as disease susceptibility, in general, varies between
individuals leading to loss of uniformity when disease occurs. For obvious reasons,
feed restriction will additionally depress body weight uniformity. In our study,
body weight uniformity proved to be a useful parameter as susceptibility to
colibacillosis varied greatly within experimental groups (£. coli scores of 0 to 12
were found) and birds were, moreover, feed restricted. In experiment 3,
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significantly lower M41 HI titres were obtained than in the other experiments. This
is unlikely to be due to an infection failure as clinical signs, body weight
uniformity and E. coli lesions were in line with the other experiments.

H120 vaccine is widely used in broilers (Sharma, 1999). This vaccine virus is
thought to cycle (i.e. pass from vaccine virus infected to susceptible chickens) in
commercial broilers (Hopkins and Yoder, 1984) and is detectable up to 3 or 4
weeks of age, occasionally up to older ages, in broilers vaccinated at the hatchery
(Cavanagh et al., 1999). In the present study, H120 vaccine virus induced
colibacillosis susceptibility in 4-week-old broilers almost equal to virulent field
viruses. Hopkins and Yoder (1984) moreover demonstrated that chicken passages
raised the capacity of H120 vaccine virus to increase the incidence of mycoplasmal
airsacculitis in White Rock broilers. A marked increase in the incidence of
airsacculitis compared to nonpassaged vaccine virus was found even after one
chicken passage.

Although H52 vaccine virus is generally not administered to broilers, it is used at
a large scale in layer and reproduction fowl. Meulemans et al. (2001) demonstrated
that live IB vaccine strains, including H120 vaccine, are able to spread in the field,
while a study on the epizootiology of IBV in Sweden revealed a strong probability
that vaccination with Massachusetts type vaccine (vaccine strains not specified)
had not only lead to the spread of the vaccine virus but in addition, to the
appearance of various disease manifestations (Farsang et al., 2002). Therefore, H52
vaccine virus might infect commercial broilers. The present study revealed that this
vaccine virus increased colibacillosis susceptibility of broilers even more than
virulent field strains did.

In view of the foregoing, colibacillosis in IBV susceptible commercial broilers
may well be induced by IB vaccine virus and can be as severe as that provoked by
virulent IB field virus. Colibacillosis induced by IB vaccine virus, which may also
occur during the second half of the growing period, can be considered as a ‘man-
made’ disease.
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Transmissibility of IBV vaccine strain

Summary

The aim of this study was to quantify transmission of Infectious Bronchitis Virus
(IBV) H120 vaccine strain among broilers, and to assess whether birds that have
been exposed to vaccine-strain shedding birds were protected against clinical signs
after infection with a virulent strain of the same serotype. A transmission
experiment and a replicate were carried out, each with six groups of commercial
broilers. At day of hatch (n=30) or at 15 days of age (n=20), half of each group was
inoculated with either IBV H120 vaccine (H120 group), virulent IBV M41 (M41
group), or mock-infected, thereby contact-exposing the other half of each group.
Nasal discharge was recorded, and antibody response and virus shedding were
measured. Four weeks after inoculation, all birds in all groups were challenged
with IBV M41 to measure clinical protection. The reproduction ratio R (the
average number of contact infections caused by one infectious bird) was
determined to quantify virus transmission. All contact-exposed birds, except one in
one H120 group, became infected with either IBV H120 or IBV M41. Almost all
birds contact infected with IBV H120 or IBV M41 were subsequently protected
against clinical signs after challenge with IBV M41.The lower limits of the 95%
confidence interval (CI) of the reproduction ratio of IBV H120 vaccine and of IBV
M41 were significantly above 1. For both IBV H120 and IBV M41 the 95% CI was
[2.1-0] following inoculation at day of hatch and [1.8-c] after inoculation at 15
days of age. This finding demonstrates that IBV H120 vaccine is able to spread
extensively among broilers. This implies that this vaccine strain might be able to
become endemically present in the poultry population. It also implies that even if
not all birds have received vaccine during spray application, they will most likely
be protected against clinical signs after a subsequent field virus infection due to the
ability of the vaccine to spread in the flock.
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Introduction

Infectious Bronchitis Virus (IBV) infection can cause respiratory signs in broilers,
and in addition also predispose broilers for secondary bacterial infections such as
Escherichia coli (E. coli) infection (Cavanagh and Nagqi, 2003; Glisson, 1998;
Nakamura et al,, 1992). The latter may result in colibacillosis (fibrinous
polyserositis), a disease of major clinical and economic importance in broiler
industry (Barnes et al., 2003).

Vaccines against IBV are often applied to reduce economic losses due to an
infection with field strains of IBV. In Europe, IBV H120 vaccine is one of the
commonly used live IB vaccines in commercial poultry, and spray vaccination of
broilers at 1 day or 15 days of age generally induces good clinical protection upon
challenge with a virulent IBV strain of the same serotype (Cavanagh and Naqi,
2003, Davelaar et al., 1984). The vaccine itself is generally considered as safe for
use in young chicks, although it has been demonstrated that it sometimes does
induce mild signs of Infectious bronchitis (IB) shortly after vaccination (Matthijs et
al., 2003; Matthijs et al., 2005). More indications of side effects have been shown
by Matthijs et al. (2003) who demonstrated that the vaccine increased the
susceptibility for colibacillosis of four week old broilers to a similar extent as the
virulent IBV M41. Colibacillosis in broilers is an airborne disease which mainly
occurs in the second half of the production period, when the E. coli concentration
in the air of broiler houses might be high (Harry and Hemsley, 1965). Thus,
infection of broilers with IBV H120 vaccine from approximately 4 weeks of age is
undesirable. Such infection might occur in vaccinated broiler flocks due to direct
contact exposure of broilers not effectively hit by the vaccine or due to virus spread
from vaccinated to unvaccinated flocks. Whether or not this phenomenon occurs in
the field has to be determined, but it is clear that it can only occur if the vaccine
strain is able to spread from vaccinated to unvaccinated birds or flocks. In addition
to this, a transmissible vaccine may be able to persist in a population.

The probability of becoming infected with a live vaccine virus through contact
with a vaccinated bird depends on the efficiency of its transmission, which can be
expressed by the reproduction ratio R, the average number of contact infections
caused by one vaccinated individual in a completely susceptible population
(Diekmann et al., 1990). If R<l, an individual may be infected by contact
occasionally, but a major outbreak or epidemic will not occur; if R>1, a large
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number of individuals may become infected through contact which can result in an
epidemic.

In this study we experimentally quantified the transmission of the IBV H120
vaccine strain in commercial broilers. Groups of broilers inoculated with the
virulent IBV strain M41 and groups mock inoculated were included in the study as
positive and negative control groups respectively. Nasal discharge, antibody
response, presence of virus and clinical protection upon challenge with virulent
IBV M41 were parameters of infection.

Materials and Methods

Experimental chickens

Eighteen-day-incubated hatching eggs, originating from two broiler parent flocks
(Cobb), were obtained from a commercial hatchery and subsequently hatched at the
research unit of the Department of Farm Animal Health of Utrecht University. The
parent flocks had been vaccinated with IB vaccines H120, H52 and D274.

Housing, feeding and management

From day of hatch (day 1), broilers were housed in negative pressure HEPA
isolators (Beyer and Eggelaar, Utrecht, the Netherlands) with a volume of 0.68 m’
and fitted with a wire floor of 0.93 m’. Isolators were ventilated at a rate of
approximately 40 m® h™'. Broilers were fed a commercial ration containing 12.4 MJ
of metabolisable energy per kg and 19.5% crude protein, which was restricted to
75% of the ad libitum intake on a ‘skip a day base’ from 15 days of age onwards.
Tap water was provided ad libitum throughout the experimental period. Light was
given during 22 h per day and reduced from 15 days of age to 16 h/day. From 4
days of age onwards red light instead of white light was given to prevent
cannibalism. Isolator temperature was gradually decreased from 35°C at 1 day of
age to 20°C at 31 days of age. From 31 days of age to the end of the experiment
isolator temperature was kept at approximately 20°C.

Inocula

IBV vaccine was obtained as commercial freeze-dried 1000 doses vials of H120
(Nobilis® IB H120; batch number 011406B exp. 02-2004 in the first experiment;
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in the replicate experiment batch 043116B exp. 08-2005). The virulent
Massachusetts IBV strain M41 was obtained from Intervet (Boxmeer, the
Netherlands) as freeze-dried vials, containing 10*° mean egg infectious dose
(EIDsp)/ml. The virus had been passaged twice in SPF embryonated eggs. All IBV
inocula were prepared in aqua destillata just prior to use.

Experimental design

Two experiments were performed; the second was a replicate of the first except for
trachea sampling. In the replicate experiment no trachea samples for assessing
virus shedding were taken to make sure that virus transmission was not influenced
by tracheal damage due to sampling.

At day of hatch, chicks were individually tagged, and randomly assigned to the
different groups. Each experiment was carried out with six groups (A-F); groups A
and B consisted of 30 birds, groups C, D, E and F of 20 birds each.

At one day of age, each of the groups A, B and C was randomly divided in two
subgroups with an equal number of birds, and subgroups and groups were placed in
different isolators. One subgroup of each of the groups A, B and C was inoculated
oculo-nasally with 1 dose (at least containing 10*° EIDsg) of IBV H120 per bird
(group A), 10*® EIDs, IBV M41 per bird (group B), or mock-infected with aqua
destillata (group C). One droplet with a volume of approximately 0.05ml was
applied in each eye and nostril. One day later inoculated subgroups were moved to
the isolator of their group mates. At 15 days of age, the same treatment was carried
out with groups D, E and F. One day and 15 days of age represent the usual age at
which broilers are vaccinated against IB in the field. The dose used for vaccination
was a dose commonly used in the field.

Four weeks after inoculation (age: 28 days or 42 days), the contact-exposed
broilers of groups A, B, D, and E were separated from the vaccinated birds and
placed in other isolators, each subgroup in a separate isolator. The broilers from
groups C and F were divided randomly over four isolators each containing 10
broilers (now groups C1, C2, F1, F2).

At 29 days of age, the birds of groups A, B and C1 and at 43 days of age the
birds of groups D, E and F, were challenged with IBV M41 strain intratracheally
(1.0 ml per bird containing 10°* EIDsy/ml) and oculo-nasally (one droplet with a
volume of approximately 0.05 ml in each eye and nostril, containing 10*°
EIDs¢/0.2ml). The birds in groups C2 and F2 were mock-challenged with aqua
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destillata. Birds were killed by electrocution and bleeding 6 weeks after initial
inoculation.

Birds were housed, handled and treated following approval by the Animal
Experimental Committee of the Veterinary Faculty of Utrecht University, the
Netherlands, in accordance with the Dutch regulation on experimental animals.

Measurements of infection and protection against challenge

Nasal discharge

Nasal discharge is a prominent clinical sign of IB, therefore from the day of initial
inoculation the presence of mucous nasal exudate was recorded until at three
successive examinations none of the birds showed nasal discharge anymore.

IB vaccination results in protection of the birds against clinical signs of IB, rather
than protecting them against infection following challenge with virulent IBV
(Cavanagh and Nagqi, 2003; De Wit and De Jong, 1998) Therefore protection
against IBV M41 challenge was judged in this study on base of nasal discharge
only. Scoring was preformed from the day of challenge during two weeks.

Nasal scoring was done individually as described by Matthijs ef al. (2003) at an
interval of one to three days. Clinical inspections were done blindly with respect to
inoculation history.

Serology

At day of hatch, serum samples from 24 surplus chicks were collected after
decapitation to determine maternally-derived haemagglutination inhibiting (HI)
antibodies to IBV. In each experiment, blood samples were taken at 4 weeks after
initial inoculation, and at the end of the experiment, 2 weeks after challenge. All
broilers were vein punctured (vena ulnaris at 4 weeks after first inoculation and
vena jugularis at the end of the experiment). Serum was collected and stored at —
20°C until examination.

Serum samples were examined for HI antibodies against IBV M41. The HI test
using 8 haemagglutinating units was performed as described by Alexander and
Chettle (1977). Titres are expressed as log, of the reciprocal value of the highest
serum dilution showing complete HI. Titres exceeding 4log, were considered
positive. In addition, all serum samples, except those of day old chicks, were tested
in a single dilution (1:500) using a commercial total antibody ELISA system
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(IDEXX Corporation, Westbrook, Maine, USA) according to the manufacturer’s
instructions. From serum-to-positive ratios, individual serum titres, expressed as
log, values, were calculated using a regression formula (IDEXX software). Titres
exceeding 8log, were considered positive. HI and ELISA tests were performed in
one run each.

Virus shedding

In the first experiment, samples were collected from the trachea of all birds using
cotton swabs, at days 4, 6, 8, 11, 13 and 15 after the first inoculation to determine
virus recovery. Samples were kept in 2 ml Hank’s medium at room temperature
(De Wit and De Jong, 1998) for approximately one hour. Subsequently, 1 ml of the
medium was stored at —80°C until examination. Trachea samples were thawed and
0.5 ml was injected into the allantoic cavity of 10-day-old embryonated SPF eggs
(Intervet, Boxmeer, the Netherlands). One day later, the eggs were checked for
embryo mortality. Mortality within 24 hours was considered to be non-specific.
Seven days after injection, the eggs were harvested and the embryos were checked
for the presence of IBV specific abnormalities such as curly toes, dwarfing and
thickened amnion (Loomis et al., 1950).

The virus shedding period of the birds is defined as the period in which virus was
isolated from tracheal swabs. As a substantial difference between dose of IBV
H120 and IBV M41 might exist (see: Discussion), statistical analysis on virus
shedding period, using Cox proportional hazards model (Kirkwood and Sterne,
2003), was only performed between groups inoculated with the same virus.

Quantification of virus transmission

The quantification of transmission of virus was based on the number of contact-
infected birds. If at least one of the following criteria was fulfilled, a contact-
exposed bird was considered being infected by contact: 1) nasal discharge present
after contact with inoculated birds, 2) absence of nasal discharge after challenge
infection with IBV M41, 3) virus recovery from trachea sample (experiment 1) and
4) antibody titre above the cut off value four weeks after contact with inoculated
birds.

A stochastic SIR model was used (susceptible-infectious-recovered model) to
quantify the transmission of virus. In this model, which has been used for analysis
of various transmission experiments (De Jong and Kimman,1994; De Wit and De
Jong, 1998; Orsel et al., 2007), S is the total number of susceptible, / the total
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number of infectious and R the total number of recovered animals. The value of the
reproduction ratio that maximizes the likelihood function is called the maximum
likelihood estimate (MLE) (Velthuis et al., 2007). With the final size (FS) of
infection (the total number of birds that became infected at the end of the
experiment) and by means of this MLE, the reproduction ratio can be estimated for
each group including a two-sided 95% confidence interval (95% CI).

Results

As the results of experiments 1 and 2 were similar, only those of experiment 1 are
presented in detail (Tables 1, 2 and 3).

Clinical observations

Nasal discharge scores in experiment 1 are given in table 1. After first inoculation,
in experiment 1 nasal discharge was observed in groups A and D (H120 groups) in
2 out of 15 (2/15) and 3/10 inoculated birds and in 1/15 and 3/10 contact birds
respectively. In groups B and E (M41 groups) nasal discharge was observed in
12/14 and 9/9 inoculated birds and in 11/15 and 10/10 contact birds respectively.

In each of groups B an E one broiler died. This mortality was not caused by IBV
M41 inoculation.

After first inoculation in experiment 2, mucous nasal exudate was observed in
groups A and D (H120 groups) in 4/15 and 9/10 inoculated birds and in 2/15 and
2/10 contact birds respectively. Nasal discharge was observed from two days after
inoculation in IBV H120 and IBV M41 groups. The period of nasal discharge after
initial inoculation varied from 8 to 14 days in IBV H120 inoculated broilers and
from 14 to 18 days in their incontacts (experiments 1 and 2: groups A and D). In
IBV M41 inoculated broilers and their incontacts nasal discharge was observed
during 6 to 8 days (experiments 1 and 2: groups B and E). Mock inoculated control
birds (experiments 1 and 2: groups C and F) were free of nasal discharge, while all
had nasal discharge during 5 to 7 days after IBV M41 challenge.

In both experiments, almost all inoculated and contact broilers showed to be
protected against the nasal discharge inducing potency of the IBV M41 challenge,
performed 4 weeks after initial inoculation (Table 1).
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Serology

At day of hatch, nearly all tested surplus birds in both experiments had HI antibody
titres against IBV > 4 log,. The mean maternally derived IBV M41 HI antibody
titre was 5.9 (sd 1.4) in experiment 1 and 10.3 (sd 1.0) in experiment 2. Four weeks
after initial inoculation, all control birds (groups C and F) in both experiments had
HI and ELISA antibody titres below the cut off values. HI and / or ELISA
antibodies against IBV were detected in birds in groups A, B, D and E (Table 1).
No clear differences were noticed between the serological response of the
inoculated birds and their incontacts. Four weeks after inoculation, mean group
log, HI IBV titres of birds inoculated with IBV H120 at day old and their
incontacts (experiments 1 and 2: groups A) were approximately 3 to 4; mean log,
ELISA IBV titres were 7 to 9. Inoculation at 15 days of age (experiments 1 and 2:
groups D), resulted in slightly higher mean titres: log, HI titres were approximately
4 to 5; log, ELISA titres 9 to 10. Birds inoculated with IBV M41 and their
incontacts had higher mean titres, especially higher mean HI titres, than IBV H120
inoculated birds and their contact mates: log, HI and log, ELISA titres were
approximately 6 to 8 and 7 to 10 respectively after inoculation at day old
(experiments 1 and 2: groups B) and approximately 8 to 9 and 9 to 10 respectively
after inoculation at 15 days of age (experiments 1 and 2: groups E).

After challenge with IBV M41 in all birds a titre increase > 2log, was
demonstrated.

A number of broilers could not be examined serologically due to lack of serum.

Virus shedding

No virus was detected in the trachea samples of the control birds (groups C and F).
Results of virus isolation in the other groups is presented in Tables 2 and 3. From
at least one sample of each inoculated and each contact exposed bird in groups A,
B, D, and E virus was isolated. Virus was detected at day 4 after inoculation in
groups A, B, D and E in 2/15, 12/14, 10/10 and 10/10 birds respectively. In group
A, 5/14 inoculated and 9/15 contact-exposed birds, and in group B 3/14 inoculated
and 2/15 contact-exposed birds were still virus positive at day 15 after inoculation.
At day 13 after inoculation in group D, 2/10 inoculated and 1/10 contact-exposed
birds were virus positive, while in group E all birds were virus negative at that
time. In group D all birds were virus negative on day 15 after inoculation.
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Table 1. Experiment 1. Parameters of infection with either IBV H120 vaccine or IBV M41 of inoculated (I) and contact-
exposed (S) broilers. Inoculation was done at 1 day or 15 days of age. Represented are the number of broilers with nasal
discharge, a positive sero- response (HI and ELISA), and positive virus isolation (VI) test. Also represented are the number of
broilers that were clinically protected after challenge with virulent IBV M41 at 4 weeks after first inoculation. Broilers were
considered contact-infected if one or more of the parameters of infection were positive. In the last column, the reproduction ratio
and its 95% confidence interval (CI) is given.

Number of positive broilers/number examined

Protected after

No. of Nasal HI IBV® ELISA IBV* s ) Contact- 7
Group . 1 IBV Treat- . 2 VI challenge with ) R [95% CI]
broilers Age strain ment discharge (>4logy) (>8log,) M41 infected
A 30 1 H120 & 2/15 1/14 2/14 15/15 14/14
s° 1/15 1/15 0/15 15/15 13/15 15/15 3.7 [2.1; ]
B 30 1 M41 I 12/14 8/12 0/12 13/13 14/14
S 11/15 12/13 1/13 13/13 13/13 13/13 00 [2.1; 0]
C 20 1 Mock I 0/10 0/10 0/10 0/10 0/10
S 0/10 0/10 0/10 0/10 -
D 20 14 HI120 I 3/10 4/9 7/8 10/10 10/10
S 3/10 1/8 477 10/10 10/10 10/10 o0 [1.8; 0]
E 20 14 M41 I 9/9 5/5 4/5 10/10 8/9
S 10/10 10/10 10/10 10/10 10/10 10/10 o0 [1.8; 0]
F 20 14  Mock I 0/10 0/10 0/10 0/10 0/10
S 0/10 0/10 0/10 0/10 -




'age at IBV inoculation (days).

“recorded after initial IBV inoculation.

HI IBV= Haemagglutination Inhibiting antibodies to IBV; measured at 28 days after initial IBV inoculation.

*ELISA IBV antibodies were measured at 28 days after initial IBV inoculation

*Number positive on any day/number examined

®Challenge with virulent IBV M41 at 4 weeks after first inoculation (29 days of age in groups A-C; 43 days of age in groups D-F). Protection
was based on the absence of nasal discharge.

'R = Reproduction ratio, the estimate is based on the combined outcome of experiments land 2.

*I = inoculated broilers.

’S = susceptible, contact-exposed broilers.
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Table 2. Results of virus isolation from trachea’s of two groups of broilers (groups
A and B) each consisting of 30 birds. At one day of age, half of group A was
inoculated with IBV H120 vaccine and half of group B with IBV M41. The other
half of the groups served as contact birds. Inoculated broilers were united with their
incontacts one day after inoculation. Results are presented on base of individual
broilers.

Group Days post inoculation'
4 11 13 15 6 8 11 13 15
- + + + + +
- - - - + +
- mvY mv o mv mv mv - + + - -
- - + - + - - - - - +
- + - - - + - - -
A + - - + - - - + + - +
- + + + + + - - + + + +
Inoculates ~ + + + + + - Incontacts - - + + + +
- + + + + - - - + - + -
- - - + - - - + + + - +
- + + + - - - - + + -
- + + + - - - - + - +
- + + + + + - - - + -
- + + - + - - + + - -
- - + - + - + - + + +
+ - + mv + + + + - + -
+ + + mv - - - - + + -
+ - + myv - - + + - + -
+ + + mv + + - - - mv + -
B -+ +  mv - - + + + mv +
+ + + mv + - + + + mv + -
Inoculates + + + mv - - Incontacts + + + mv + +
- + mv - - - - - mv - -
+ + - + - - + + + mv + -
+ - + - - - + + + mv - -
+ + + - - + + + mv + -
+ o+ + + + + + +  mv - -
+ + + - - - + + + my mv -
+ + + + - - + - + mv -
mv_mv__ mv mv mv mv + + - mv -
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'Birds were inoculated oculo-nasally with 1 dose (at least containing 10> EIDsy) of IBV H120 vaccine per bird
(group A) or 10* EIDs of IBV M41 per bird (group B). *mv is missing value.

Table 3. Results of virus isolation from trachea’s of two groups of broilers (groups D and
E) each consisting of 20 birds. At 15 days of age, half of group D was inoculated with IBV
H120 vaccine and half of group E with IBV M41 . The other half of the groups served as
contact birds. Inoculated broilers were united with their incontacts one day after
inoculation. Results are presented on base of individual broilers.

Group Days post inoculation'
4 6 8 11 13 15 4 6 8 11 13 15
+ o+ o+ - - + + + - -
+ o+ o+ - - + + + + - -
+ o+ 4+ - - - + + + - - -
+ o+ 4+ - - - + + + - - -
+ 4+ o+ - - - + + + - - -
D + o+ o+ - - - + o+ o+ - - .
+ o+ 4+ - - - + + + - - -
Inoculates + +  + - - - Incontacts + + + - - -
+ 4+ o+ - + - + + + - - -
+ + O+ - - + + + - + -
+ + o+ - - - + + + - - -
+ F - - - - + + - - - -
+ + - - - - + + + - - -
ot - - - + + - - - .
E + o+ - + - - + + - - - -
+ o+ 4+ - - - + + + - - -
Inoculates + +  + - - - Incontacts + + - + - -
+ + 4+ - - + + - - - -
+  F - - - + + - + - -
+ o+ o+ - - - + + - + - -

'Birds were inoculated oculo-nasally with 1 dose (at least containing 10*° EIDs,) of IBV H120
vaccine per bird (group D) or 10*¢ EIDs, of IBV M41per bird (group E).
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There was no significant difference in duration of virus shedding period between
inoculated and contact-infected birds of either group; in other words, inoculated
birds did not differ from their contact-infected pen mates with respect to duration
of virus shedding, indicating that the groups were homogeneous with respect to
that aspect. Birds inoculated at 1 day of age (with either H120 or M41) shed virus
significantly longer than birds inoculated at 15 days of age (p < 0.001). The hazard
ratio was 4.7 with a 95% CI [2.8-7.7].

Quantification of transmission

Based on the measures of infection, all broilers contact exposed to birds inoculated
with IBV H120 (groups A and D) or to birds inoculated with IBV M41 (groups B
and E) became infected by contact (Table 1), except for one bird in group A (IBV
H120 inoculated at day old) of experiment 2. So, the number of contact birds that
became infected in experiments 1 and 2 was practically equal. Therefore, the
reproduction ratio was estimated for each treatment group using the combined data
of both experiments. Reproduction ratio and 95% CI of each treatment group is
given in Table 1. Depending on group size, the lower limit of the 95% CI differed
slightly but was above 1 for all treatment groups. For both IBY H120 and IBV
M41 groups the 95% CI was [2.1-0] following inoculation at day of hatch and
[1.8-c0] after inoculation at 15 days of age.

Discussion

The aim of this study was to quantify transmissibility of IBV H120 vaccine when
applied in a dose used under field conditions. The reproduction ratio R of IBV
H120 vaccine appeared to be significantly above 1, which implies that this IBV
vaccine strain is able to spread extensively within groups of susceptible broilers.
This finding might have two implications. First, IBV H120 vaccine might spread
between flocks and might have even the potential to become endemically present in
the broiler population. Secondly, birds that are not successfully vaccinated by spray
will probably become contact-vaccinated, and this contact-vaccination will
probably induce sufficient immunity to be clinically protected against an infection
with virulent IBV of the Massachusetts serotype. This does not imply, however,
that these birds are also protected against increased susceptibility for colibacillosis
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induced by virulent IBV infection. Matthijs er al. (2005) demonstrated that,
following infection with virulent IBV, vaccinated broilers were as sensitive for
systemic colibacillosis as unvaccinated ones.

The hypothesis of vaccine spreading is substantiated by findings of Farsang et al.
(2002) and Meulemans et al. (2001) who isolated IBV vaccine virus from
unvaccinated poultry populations in Sweden and Belgium, respectively, indicating
that transmission of IB vaccine virus from vaccinated to unvaccinated susceptible
flocks can occur. This may be beneficial as a ‘natural’ vaccination against IB and
protect these birds against clinical signs after a subsequent infection with a virulent
field strain. The transmissibility of IBV HI120 vaccine might also be a
disadvantage. If vaccine virus is introduced in a broiler flock after the age of
approximately 4 weeks, colibacillosis might occur. It is not likely that vaccination
with IBV H120 vaccine at day of hatch or at 15 days of age will cause increased
susceptibility for colibacillosis in the second half of the growing period, since the
vaccine virus spreads rapidly, as demonstrated from the virus excretion data in
experiment 1.

All broilers infected with IBV H120 vaccine or IBV M41 at 15 days of age
seemed to clear the virus within 13 to 15 days, which is significant faster than virus
clearance by birds inoculated at 1 day of age, suggesting a more efficient clearance
mechanism in elder broilers due to maturation of the immune system and loss of
maternal IBV antibodies.

At 5 days of age (4 days after inoculation) a striking difference existed in tracheal
virus recovery between birds inoculated with IBV H120 and those inoculated with
IBV M41: 2/15 and 12/14 broilers were virus positive respectively (Table 2). This
difference might be due to different pathogenicity of the viruses or due to different
inoculation doses. One field dose of IBV H120, containing at least 10*° EIDs, of
virus, was inoculated per bird while 10*® EIDs, of IBV M41 was given per bird. As
a rule, however, a dose of IBV H120 contains 10*-10° EIDs, of virus (Matthijs et
al., 2003). So, although the above stated difference is not very likely due to
different doses of the viruses used, it can not be ruled out completely as titration of
the IB H120 vaccine was not performed.

As commercial broilers, originating from different parent flocks, were used in the
present study, maternal HI IBV M41 antibody levels differed substantially between
the two experiments (mean HI IBV M41 titre = sd at day old in experiment 1: 5.9 +
1.4 and 10.3 £ 1.0 in experiment 2). The effect of these different maternal antibody
levels on IBV transmission rate could not be established as virus isolation was only
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performed in experiment 1. However, maternal antibodies seemed not to interfere
with the proportion of infected contact birds as, except for one bird in experiment
2, all contact birds became infected during the 4 weeks of contact with inoculated
birds. IBV replication in epithelial cells of the respiratory and digestive tract is
mainly hampered by local immunity provided by IgA, while maternal antibodies
belong to the IgG class of immunoglobulins which provide the birds with systemic
immunity rather than local immunity (Jeurissen et al., 1994). Therefore excretion
and transmission of IBV is likely rather independent of the level of maternal
antibodies.

Sampling of the trachea was ended at 15 days after inoculation, and,
consequently, in this study it could not be determined how long virus shedding
continued. This shedding period might be longer as shown by Naqi et al. (2003)
who demonstrated that IBV vaccine exposure of 1-day old chicks with maternal
antibodies led to periodic virus shedding from trachea and cloaca in all chicks until
77 days post inoculation.

Arguably, sampling the trachea as performed, which was carried out in

experiment 1, facilitated the transmission process, as the swab may have caused
local tissue damage. The replicate experiment, however, showed that also without
tracheal sampling transmission occurred. So, the influence of the trachea swabbing,
if at all, did not affect the transmission process substantially.
Our results show that IBV H120 vaccine is able to spread extensively within
groups of broilers vaccinated at day of hatch or at 15 days of age. Broilers infected
with IBV H120 vaccine via contact are protected against nasal discharge after
infection with the virulent IBV M41 strain. Considering the reproduction ratio, it
seems reasonable to assume that IBV H120 vaccine is also able to spread between
flocks, and might have the potency to become endemically present in the broiler
population.
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IB-vaccination of broilers and colibacillosis

Summary

Vaccination against infectious bronchitis (IB) is aimed to protect against clinical
IB. The question is, however, whether vaccinated birds are also protected against
predisposure for colibacillosis after a subsequent IBV infection. We examined this
research question in four experiments. One-day-old commercial broilers, housed in
isolators, were vaccinated with IB vaccine strain H120 by coarse spray or ocularly.
Twenty-eight days after vaccination, broilers were challenged with the virulent
IBV strain M41. Five days later, broilers were inoculated with Escherichia coli
strain 506. Body weight uniformity, severity of E. coli airsacculitis, and systemic
E. coli infection at 7 days following E. coli inoculation were used as parameters for
colibacillosis. IBV vaccination reduced both the number of broilers with E. coli
airsacculitis as well as the severity of airsacculitis significantly after challenge with
IBV-M41 and E. coli 506. However, in spray-vaccinated groups, no significant
reduction of the number of birds with systemic colibacillosis or the severity of this
infection was obtained, and body weight uniformity was not significantly improved
compared with nonvaccinated, IBV-M41, and E. coli 506-challenged groups. Eye-
drop vaccination resulted in conflicting results.
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Introduction

Infectious bronchitis (IB) is a highly contagious respiratory disease of broilers
(Cavanagh and Nagqi, 2003; Nakamura et al., 1992), caused by IB virus (IBV).
Although signs of IB are usually rather mild, IBV also predisposes broilers for
severe bacterial infections (Cook et al., 1986; Ginns et al., 1998; Glisson, 1998;
Matthijs et al., 2003), commonly Escherichia coli infections. This bacterial
infection results in (systemic) colibacillosis, which is of major clinical and
economic importance. It is the most frequently reported disease in surveys of
poultry diseases and the main cause of condemnation at processing (Barnes et al.,
2003).

Vaccination of broilers against IB is widely applied and a main reason to do so is
to prevent colibacillosis following IBV field challenge. Most vaccines induce good
clinical protection against virus belonging to the same serotype as the vaccine
virus. However, vaccination generally does not prevent replication of field strains
completely (De Wit et al., 1997), and vaccinated broilers can still become infected
with IBV field strains. This might imply that the vaccination will not reduce the
increased susceptibility of broilers for colibacillosis after an IBV infection, and
consequently, IBV might still predispose broilers for colibacillosis despite
vaccination.

Because colibacillosis is a major problem in the broiler industry (Yogaratnam,
1995), it might be useful to examine vaccines not only for their ability to protect
against IB but also for their ability to protect against predisposure for colibacillosis
after IBV infection. Cook et al. (1999) carried out a simultaneous infection with
IBV and E. coli to examine this effect. Extrapolation of their results to the field,
however, might be difficult because they used specific- pathogen-free (SPF) Rhode
Island Red chickens, which differ substantially from commercial broilers with
respect to immune status (maternally derived) and genetics. Moreover, they applied
an intranasal inoculation, which might result in insufficient exposure of the lower
respiratory tract to the pathogens, as both IBV and E. coli are probably mainly
airborne (Cook and Mockett, 1995; Dho-Moulin and Fairbrother, 1999; Goren,
1991). Finally, they used mortality as parameter, and Matthijs et a/. (2003) showed
that parameters other than mortality might be more indicative for vaccine efficacy.
Moreover, colibacillosis in broiler flocks is attended by only low to moderate
mortality.
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Therefore, a study was carried out to assess the effect of IB H120 vaccination of
day-old broilers on IBV-related predisposure to colibacillosis. Broilers were
infected with a virulent IBV strain and E. coli, and clinical signs, mortality,
postmortem signs, and body weight were measured to determine the efficacy of
IBV vaccination with respect to protection against IB and colibacillosis.

Materials and methods

Birds were housed, handled, and treated following approval by the Animal
Experimental Committee of the Veterinary Faculty of Utrecht University, The
Netherlands, in accordance with the Dutch regulation on experimental animals.

Experimental chickens, housing, feeding, and management

Eighteen-days incubated hatching eggs were obtained from a Mycoplasma
gallisepticum-free broiler parent (Cobb) flock and subsequently hatched at the
Spelderholt Poultry Research Centre in Beekbergen, The Netherlands. Only female
chicks were used.

From day 1, chicks were housed in negative-pressure isolators (Beyer and
Eggelaar, Utrecht, The Netherlands) with a volume of 1.3 m’ and fitted with a wire
floor of 1.05 m®. Isolators were ventilated at a rate of approximately 30 m’/h.
Commercial feed was provided ad libitum for 14 days and subsequently restricted
on a-skip-a-day basis to 85% of the ad libitum intake.

Inocula

IB H120 vaccine (Nobilis IB H120, batch 90046C; Intervet, Boxmeer, The
Netherlands) was obtained as commercial freeze-dried vials and was stored at 4°C.
The Massachusetts IBV M41 challenge strain was obtained from Intervet
International as virus-containing allantoic fluid. The virus had been passaged 10
times in SPF embryonated eggs at the time of inoculation. Virus titrations of IB
H120 vaccine and IBV M41 strain were performed in 10-day-old embryonated
Specific Pathogen Free White Leghorn (SPF-WL) eggs as described by De Wit et
al. (1998). The challenge strain was titrated twice, before the start of the
experiment and just after ending the last experiment. Doses of vaccine and
challenge virus used in the experiments were calculated based on titration results.
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The E. coli 506 (O78; K80) used in this study, was a flumequine-resistant strain
isolated from a commercial broiler suffering from colibacillosis (Van Eck and
Goren, 1991). The inocula were prepared as described by Matthijs et al. (2003).
Data on vaccine, vaccine dose, vaccination route, IBV M41, and E. coli
inoculations are given in Table 1.

Experimental design and inoculations

Four experiments were performed consecutively. Each experiment lasted 41 days.
The various treatments are shown in Table 1. At day 1, female chicks were
individually tagged and weighed. Per experiment, 8-12 groups (see Table 1) of the
same body-weight distribution were formed and each group was housed in a
separate isolator.

Per experiment, 6 groups were vaccinated with H120 vaccine at day 1 (referred

to as vaccine groups): two by eye-drop and four by coarse spray. Eye-drop
vaccination was done with one dose of vaccine (0.1 ml; calculated titer,
10>*median embryo infective dose [EIDso]) per broiler. Coarse spray vaccination
was performed with either one dose of vaccine (0.2 ml; calculated titer, 10°>* EIDs)
per bird or 100 doses of vaccine (0.2ml; calculated titre, 1074 EIDsp) per bird.
At 29 days of age, broilers were inoculated with IBV M41 by eye-nose drop (0.05
ml in each eye and nostril) and intratracheally (i.t.) (I ml per broiler). In
experiment 1, the calculated dose per bird was 10** (groups 1, 3, 5, 7) and 10°®
EIDs, (groups 2, 4, 6, 8). The calculated dose per bird in experiments 2, 3 and 4
was between 10*” and 10%* EIDs, (see Table 1).

Escherichia coli 506 was administered i.t. at day 34 in a volume of 1 ml/bird. In
experiments 1 and 2, 10”° and 107 colony forming units (cfu) (further referred to
as high E. coli dose) were inoculated per broiler, respectively; in experiments 3 and
4, 10%% cfu (further referred to as low E. coli dose) were administered per broiler.

In all experiments, sham-vaccinated (coarse spray vaccination with distilled
water) control groups were included. Groups 7 and 8 received IBV M41 and E. coli
506 (referred to as M41 + E. coli groups), groups 9 and 10 were sham IBV M41
inoculated but received E. coli 506 (referred to as E. coli groups), and groups 11
and 12 were only sham inoculated (referred to as placebo groups) (see Table 1).

Clinical observations

Clinical signs resulting from IB infection were determined at days 29, 32, 34 and
41 by individual scoring of birds with mucous nasal discharge, as described by
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Matthijs et al. (2003). A bird was recorded as having nasal discharge due to IBV
infection, in case this clinical sign was observed on either one or both sides at day
32 and/or day 34 and/or day 41. Mortality was recorded daily. Dead birds were
stored at —20°C until postmortem examination at day 41.

Body weight and body weight-uniformity

Birds were weighed individually at day 29 (day of IBV M41 inoculation) and at
day 41 (end of experiment). As body weight was a nonvalid parameter (Matthijs et
al., 2003), body weight uniformity was used as variable. This variable is defined as
the percentage of birds with a body weight between mean body weight minus 10%
and mean body weight plus 10%.

Serological examination

Per experiment, hemagglutination-inhibiting (HI) antibodies to IBV-M41 were
determined in sera. Sera were collected at day 1, 29 and 41; at day-old from 20
broilers per experiment; and at 29 and 41 days of age of all experimental broilers.
Sera were tested by HI IB test as described by Alexander and Chettle (1977). Titres
are expressed as log, of the reciprocal value of the highest serum dilution showing
complete HI. Titres exceeding log, 4 were considered positive (De Wit et al.,
1998).

Tracheal ciliostasis score

In experiments 2 and 3, five randomly chosen birds from each group were
euthanatized at day 34 their tracheas were examined for ciliary activity as
described previously (Cook and Mockett, 1995). The mean ciliostasis score was
calculated per group starting from mean value per bird.

Postmortem examination

At the end of the experiments, birds were euthanatized. Postmortem examination
was performed blindly. Lesion scoring was performed as described by Van Eck
and Goren (1991) in the following organs: right thoracic air sac, left thoracic air
sac, pericardium, and liver. Lesion scores ranged from 0 to 3: 0 = no lesions, 0.5 =
one yellow/brown pinhead-sized spot indicative of inflammation, 1 = two or more
pinhead-sized spots as described at score 0.5, 2 = thin layer of fibrinous exudate on
various locations, 3 = thick and extensive layer of fibrinous exudate. The maximum
score per bird is 12. Birds with E. coli pathology of pericardium and/or liver were
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referred to as systemically infected. Per group, the percentage of broilers with
colibacillosis lesions in the respiratory tract only (airsacculitis as only sign of
colibacillosis; further referred to as airsacculitis sec), the mean colibacillosis lesion
score (MLS) of these birds, the percentage of broilers with systemic colibacillosis,
and the MLS of systemically infected broilers were calculated.

In each experiment, bacteriological analysis was performed on samples of spleen,
thoracic air sac, heart, and liver of 10 birds. Culturing was performed on sheep
blood agar plates and colonies were identified using Bactident™ E. coli (no. 13303;
Merck, Amsterdam, The Netherlands), as described by Matthijs et al. (2003).

Statistical analysis and validity of parameters
Because of the different E. coli doses, we compared the data obtained in
experiments 1 and 2 separately from those obtained in experiments 3 and 4.

Mortality, body weight uniformity, airsacculitis sec and systemic colibacillosis
were analyzed by a generalized linear model (GLM) using a Poisson error term
(McCullagh and Nelder, 1989). In addition, the GLM used a log link function and
the natural log of the number of live birds as offset variables. Moreover,
experiment and group within the same treatment were included as random effect
variables. In addition, nasal discharge was analyzed by use of Fisher Exact test,
using a Bonferroni correction to adjust for multiple comparisons. Next, the
Kruskal-Wallis analysis of variance was used to analyze the MLS score and the
mean tracheal ciliostasis score, variables of the ordinal type, again using a
Bonferroni correction to adjust for multiple comparisons. Finally, HI titers were
compared by use of a Cox proportional hazards model (Therneau and Grambsch,
2000). All analyses were carried out by the statistical program R, version 1.6.1
(Ihaka and Gentleman, 1996).

Because the power of a statistical analysis is reduced as the number of
comparisons increases (Armitage and Berry, 1991), data of the placebo groups
(groups 11 and 12) were not included in our analysis of the variables associated
with colibacillosis. For the same reason, comparisons between the vaccine groups
were not made. Furthermore, if a parameter estimate of the IBV M41 + E. coli
groups (groups 7 and 8) was not significantly different from that of the E. coli
groups (groups 9 and 10), the estimates of the same parameter of the vaccine
groups were not statistically analyzed, as this parameter was then considered to be
nonvalid.
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Table 1. Experimental design, nasal discharge, and tracheal ciliostasis score. Commercial female broilers were IB vaccinated at
1 day old and inoculated with IBV strain M41 at 29 days of age and with E. coli 506 at 34 days of age.

Groups 1+2° 3+4 5°+6% 7+8 9+10° 11+12°
IB vaccine H120 H120 H120 Distilled water Distilled water Distilled water
Application Ocular Coarse spray Coarse spray Coarse spray Coarse spray Coarse spray
route
Dose/broiler 1 1 100 - - -
1B M41° + + + + Distilled water Distilled water
E. coli 506" + + + + + PBS diluted
glucose peptone
broth
Size of groups at Exp. 1 30 30 30 30 15 15
29 days of age Exp. 2 40 40 40 39 40 40
Exp. 3 40 40 40 40 40 40
Exp. 4 15 30 0 30 30 15
Number of broilers with nasal discharge at 32 and/or 34 days of age
Exp. 1 0 0 0 30 0 0
Exp. 2 0 0 0 39 0 0
Exp. 3 0 0 0 40 0 0
Exp. 4 0 0 - 30 0 0
Fisher Exact test" A A A B A A
Mean tracheal ciliostasis score (range) at 34 days of age (mean values are based on the examination of ten broilers)
Exp. 2 2.3 (0-4) 3.0 (0-4) 2.3(0.2-4) 4.0 (4-4) 0.1(0-0.6) 0.2(0-1.4)
Exp. 3 2.1(0-4) 3.1(0-4) 2.8(0.8-4) 4.0(4-4) 0.0 (0-0) 0.0(0-0.2)

Kruskal-Wallis® A A A B C C




ANot included in experiment 4.

BNot included in experiment 1.

“Not included in experiments 1 and 4.

PIn experiment 1: log;o EIDs, IBV M41/broiler: calculated titer 4.8 (groups 1, 3, 5 and 7) and 6.8 (groups 2, 4, 6 and 8) and in experiments 2-4: log;, EIDs,
IBV M41/broiler: calculated titer between 4.7-5.8.

EE. coli 506 cfu [log10]/broiler in 1 ml. Exp. 1: 7.9; exp. 2: 7.5; exps. 3 and 4: 6.8.

FGColumns with different capital letter differ significantly (P < 0.05)



Table 2. Body-weight uniformity and colibacillosis lesions of commercial female broilers, which were IB vaccinated at 1 day
old and inoculated with IBV strain M41 at 29 days of age and with high E. coli 506 dose (7.5 to 7.9 log;, cfu/broiler) at 34 days
of age. Parameters were assessed at 41 days of age in surviving broilers.

Groups 1+2 3+4 5+6 7+8 9+10 11+12
IB vaccine H120 H120 H120 Distilled water Distilled water Distilled water

Application Ocular Coarse spray Coarse spray Coarse spray Coarse spray Coarse spray

route

Dose/broiler 1 1 100 - - -
1B M41 +4 + + + Distilled water ~ Distilled water
E. coli 506 +8 + + + + PBS diluted

glucose peptone
broth
Size of groups at Exp. 1 30 30 30 30 15 15
29 days of age Exp. 2 40° 40° 40° 39¢ 40° 40°
Body weight uniformity”
Exp. 1 48 59 46 57 77 73
Exp. 2 62 69 59 35 76 87
GLME NS, ns NS, ns NS, ns
Percentage of broilers with airsacculitis as only sign of colibacillosis**
Exp. 1 24 30 27 64 46 0
Exp. 2 49 50 22 74 8 0
GLMF S, ns S, ns S, ns
Mean colibacillosis lesion score of broilers with airsacculitis as only sign of colibacillosis**

Exp. 1 1.2 1.4 1.8 2.3 1.0 -
Exp. 2 1.9 2.3 1.8 3.1 1.0 -
Kruskal-Wallis® S, s S, s S, s




Groups 1+2 3+4 5+6 7+8 9+10 11+12
1B vaccine H120 H120 H120 Distilled water Distilled water Distilled water
Application Ocular Coarse spray Coarse spray Coarse spray Coarse spray Coarse spray
route
Dose/broiler 1 1 100 - - -
IB M41 +A + + + Distilled water Distilled water
E. coli 506 +B + + + + PBS diluted
glucose peptone
broth
Size of groups at Exp. 1 30 30 30 30 15 15
29 days of age Exp. 2 40° 40° 40° 39° 40° 40°
Percentage of broilers with systemic colibacillosis**
Exp. 1 8 22 50 36 8 0
Exp. 2 10 19 19 26 12 0
GLM" S, ns NS, ns NS, s
Mean colibacillosis lesion score of broilers with systemic colibacillosis**
Exp. 1 3.8 6.9 5.6 8.1 5.0 -
Exp. 2 5.6 7.8 6.7 9.3 4.0 -
Kruskal-Wallis' S, ns NS, ns S, ns

Alnoculated with IBV strain M41 by the oculonasal and intratracheal route.

BInoculated with E. coli 506 by the intratracheal route.

®Ten randomly chosen broilers were killed at 34 days of age to perform the trachea ciliostasis test (see Table 1).
PBody-weight uniformity is the percentage of broilers with a body weight between mean body weight plus 10% and mean body weight minus 10%.

mortality occurred in the period from 29 to 34 days of age.

EFGHIC olumns with capital letter S differ significantly from groups 7 and 8 ( P < 0.05), columns with capital letters NS do not. Columns with small letter s
differ significantly from groups 9 and 10 (P < 0.05), columns with small letters ns do not.
*Valid parameter (significant difference between values of groups 7 and 8 and groups 9 and 10; P < 0.05)



Table 3. Body-weight uniformity and colibacillosis lesions of commercial female broilers, which were IB vaccinated at 1 day
old and inoculated with IBV strain M41 at 29 days of age and with low E. coli 506 dose (6.8 logo cfu/broiler) at 34 days of age.
Parameters were assessed at 41 days of age in surviving broilers.

Groups 1+2 3+4 5+6 7+8 9+10 11+12
IB vaccine H120 H120 H120 Distilled water Distilled water Distilled water

Application Ocular Coarse spray Coarse spray Coarse spray Coarse spray Coarse spray

route

Dose/broiler 1 1 100 - - -
1B M41 +4 + + + Distilled water ~ Distilled water
E. coli 506 +8 + + + + PBS diluted

glucose peptone
broth
Size of groups at Exp. 3 40° 40° 40° 40° 40° 40°
29 days of age Exp. 4 15 30 0 30 30 15
Body weight uniformity””
Exp. 3 80 73 79 63 79 90
Exp. 4 73 77 - 93 83 87
Percentage of broilers with airsacculitis as only sign of colibacillosis
Exp. 3 24 30 42 74 7 0
Exp. 4 4 34 - 94 17 0
GLME S, ns S, s S, s
Mean colibacillosis lesion score of broilers with airsacculitis as only sign of colibacillosis™

Exp. 3 1.3 1.7 1.3 2.5 1.0 -
Exp. 4 1.5 1.2 - 24 0.8 -
Kruskal-Wallis S, ns S, ns S, ns




Groups 1+2 3+4 5+6 7+8 9+10 11+12
1B vaccine H120 H120 H120 Distilled water Distilled water Distilled water
Application Ocular Coarse spray Coarse spray Coarse spray Coarse spray Coarse spray
route
Dose/broiler 1 1 100 - - -
1B M41 +A + + + Distilled water Distilled water
E. coli 506 +B + + + + PBS diluted
glucose peptone
broth
Size of groups at Exp. 3 40° 40° 40° 40° 40° 40°
29 days of age Exp. 4 15 30 0 30 30 15
Percentage of broilers with systemic colibacillosis™
Exp. 3 13 0 3 23 0 0
Exp. 4 13 13 - 3 3 0
GLM® NS, s NS, ns NS, ns
Mean colibacillosis lesion score of broilers with systemic colibacillosis”
Exp. 3 7.5 - 4.5 6.1 - -
Exp. 4 6.4 1.5 - 5.0 5.0 -

Alnoculated with IBV strain M41 by the oculonasal and intratracheal route.

BInoculated with E. coli 506 by the intratracheal route.

®Ten randomly chosen broilers were killed at 34 days of age for the trachea ciliostasis test (see Table 1).
PBody-weight uniformity is the percentage of broilers with a body weight between mean body weight plus 10% and mean body weight minus 10%.
FFGColumns with capital letter S differ significantly from groups 7 and 8 (P < 0.05); columns with capital letters NS do not. Columns with small letter s
differ significantly from groups 9 and 10 (P < 0.05), columns with small letters ns do not.

*Nonvalid parameter (no significant difference between values of groups 7 and 8 and groups 9 and 10; P > 0.05)
*Valid parameter (significant difference between values of groups 7 and 8 and groups 9 and 10; P < 0.05)
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Per experiment, the variables between groups treated the same way did not differ
significantly. Moreover, the variables did not differ between vaccine groups that
were inoculated with different IBV M41 doses but otherwise treated the same.
Therefore, results of these groups were combined. The results of the vaccine
groups were compared with the results of groups 7 and 8 (M41+ E. coli groups),
and 9 and 10 (E. coli groups).

Results

Mortality and serology

In the placebo groups, no mortality was observed. After challenge with the
high E. coli dose, mortality was 16% in the E. coli groups, 11% in the
vaccine groups, and 14% in the M41+ E. coli groups. After challenge with
the low E. coli dose, the mortality was below 4% in all groups. In all
experiments, mortality showed to be a nonvalid parameter.

All birds had maternally derived antibodies against IBV M41 at day of hatch:
mean log, HI titers ranged from 6.3 to 8.4 between experiments. At day 29, HI
antibodies were not detected in any of the nonvaccinated groups (groups 7-12: log,
titers < 4), while at that age in groups vaccinated at day old (groups 1-6) log, HI
antibody titers ranging from 3 to 7 were found. After IBV-M41 challenge, titers of
the vaccinated groups (groups 1-6) were significantly below those of the
nonvaccinated groups (groups 7 and 8).

Clinical signs and tracheal ciliostasis score

At days 29 and 41, nasal discharge was not observed. None of the birds in the
vaccine, E. coli, and placebo groups showed nasal discharge, while all birds in the
M41+E. coli groups did (see Table 1). Ciliostasis was not observed or present at a
very low level in the E. coli and placebo groups, while birds of the M41+E. coli
groups showed complete ciliostasis. Scores of vaccine groups were significantly
below those of M41+E. coli groups, and significantly above those of E. coli and
placebo groups. In each of the vaccine groups, birds with complete ciliostasis
(score 4) were present. Differences between the vaccine groups were not
significant (see Table 1).
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Body-weight uniformity and postmortem examination

For the high E. coli dose groups (experiments 1 and 2; Table 2), body-weight
uniformity of M41+E. coli groups was significantly decreased in comparison with
the E. coli groups. For the low E. coli dose groups, (experiments 3 and 4; Table 3),
body-weight uniformity proved to be a nonvalid parameter. In the vaccine groups,
body-weight uniformity did not differ significantly from the M41+E. coli groups or
from the E. coli groups.

In all vaccine groups in all four experiments, the percentage of birds with
airsacculitis sec and their MLS were significantly reduced in comparison with the
M41+E. coli groups. However, spray vaccination (groups 3-6) did not significantly
reduce the number of birds with systemic colibacillosis in comparison with the
MA4I1+E. coli groups in any of the experiments. In the eye-drop vaccine groups in
experiments 1 and 2 (high E. coli dose), both the percentage of birds with systemic
colibacillosis as well as the MLS of these birds were significantly reduced in
comparison with the M41+E. coli groups, but in experiments 3 and 4 (low E. coli
dose), these variables were not reduced.

Nearly all birds that died within 48 h after £. coli inoculation lacked macroscopic
E. coli pathology. From all birds that died after E. coli inoculation and were
cultured bacteriologically, E. coli was isolated. E. coli was cultured from 11/28
(39%) of surviving chicks with E. coli lesions. All isolates of E. coli showed an
antibiotic sensitivity pattern identical to that of the inoculated.

Discussion

Colibacillosis of the respiratory tract in broilers occurs after £. coli is inhaled and
the bacterium has defeated local defense mechanisms. Further, systemic
colibacillosis, i.e. pericarditis and perihepatitis, develops if the bacterium passes
from the respiratory tract to the bloodstream and overwhelms the systemic defense
(Hament et al., 1999).

Viral infections of the respiratory tract, such as IBV infection, facilitate the
pathway of both colibacillosis of the respiratory tract and systemic colibacillosis
(Nakamura et al., 1992; Peighambari et al., 2000). Likely, complex factors are
involved in the development of E. coli infection in birds infected with a respiratory
disease virus. Tissue damage in the respiratory system due to virus replication is
probably of importance as well as immunological mechanisms such as the
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predominantly lymphoid response in the respiratory tract, which is not an adequate
defense against E. coli (Gross, 1990).

In the present study, IB spray vaccinations did reduce E. coli airsacculitis sec
significantly but had no significant effect on systemic colibacillosis. The
underlying mechanism of this discrepancy is unclear from our study. IB
vaccination reduces the replication of challenge virus (Cook et al., 1986; De Wit et
al., 1998; Lambrechts er al., 1993; Pensaert and Lambrechts, 1994) and as a
consequence likely also reduces tissue damage and the immune response in the
respiratory tract following IBV challenge. Obviously, this reduction is sufficient to
decrease the sensitivity of the respiratory tract for colibacillosis significantly, but
insufficient to prevent the E. coli bacterium from becoming blood-borne.

In contrast with E. coli airsacculitis sec, systemic colibacillosis impairs body
weight gain and body weight uniformity (Matthijs et al., 2003; Yamaguchi et al.,
2000; Yogaratnam, 1995) and this explains our observation that spray vaccination
did not improve body weight uniformity.

Interpretation of results obtained by eye-drop vaccination is difficult as
contradictions occurred. Eye-drop vaccination reduced systemic colibacillosis
significantly in case the high E. coli dose was used, but this effect was not achieved
in birds inoculated with the low dose. Moreover, reduction of systemic
colibacillosis in birds inoculated with the high E. coli dose was not attended by
improvement of body weight uniformity.

It had been demonstrated that ocular vaccination is superior to spray vaccination in
terms of protection against IB after i.t. challenge (Al-Tarcha et al., 1991; Davelaar
and Kouwenhoven, 1977; Toro et al., 1997). In our study however, this effect was
not observed since all vaccinations prevented nasal discharge completely and
tracheal ciliostasis scores were equally reduced compared with non-vaccinated
challenged groups. These contrasting results might be due to the relative high
vaccine virus doses used in our study compared to the doses used in the work of
others (Al-Tarcha et al., 1991; Davelaar and Kouwenhoven, 1977; Snyder et al.,
1983).

In addition to clinical protection to IB, also kinetics of tracheal cilia is considered
to be a reliable indicator for protection against IB (Al-Tarcha et al., 1991; Al-
Tarcha and Sadoon, 1991; Cook et al., 1999; Darbyshire,1980; Snyder et al.,
1983). In our experiments vaccinations reduced mean ciliostasis scores to
approximately 2 to 3. However, in each of the vaccine groups also birds with
complete ciliostasis (score 4) were present. Nevertheless, all birds in all vaccine
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groups were completely protected against nasal discharge, indicating that the
ciliostasis score does not, at least not in all cases, reflect protection of the
respiratory tract as a whole.

In conclusion, it can be stated that spray vaccination at one-day-old against 1B
prevented broilers from clinical signs of IB and significantly reduced E. coli-
airsacculitis after challenge with IBV-M41 and E. coli 506. Both the number of
birds with airsacculitis and the severity of airsacculitis were reduced. However,
even in a dose of 10”* EIDs, of vaccine virus per bird, spray vaccination did not
improve body weight uniformity and did not reduce systemic E. coli infections. In
the latter respect, eye-drop vaccination might produce better results.
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E. coli respiratory tract lesions in broilers

Abstract

The progression of Escherichia coli lesions was studied in the respiratory tract of
4-week-old commercial broilers. Lesions were induced after a single intratracheal
E. coli infection, and after an infection with E. coli preceded five days earlier by an
oculo-nasal and intratracheal infectious bronchitis virus (IBV) infection of either
the virulent M41 strain or the H120 vaccine strain. Trachea, lung and thoracic
airsac lesions were examined macroscopically and microscopically. Tissue samples
were taken at 3 hours post inoculation (hpi), and 1, 2, 4 and 7 days post inoculation
(dpi) with E. coli. The location of both pathogens was assessed by
immunohistochemistry. Single E. coli inoculation induced pneumonia and
airsacculitis; in case it was preceded by IBV infection, the same macroscopical
lesions and also viral tracheitis were found. The microscopical lesions induced by
both pathogens in the trachea, lungs and airsacs were consistent with descriptions
in literature. No clear difference existed between the single and dual infected birds
with respect to inflammatory reactions in the lung, which had disappeared within 7
days, except for the presence of more follicles in dual infected birds. IBV antigen
was detected in secondary bronchi and airsacs up to 2 dpi and in the trachea up to 4
dpi. E. coli bacteria were found in the tracheal lumen included in purulent material,
the parabronchi and airsacs. In lung tissue E. coli antigen was found up to 4 dpi.
No clear difference existed between single and dual inoculated birds regarding the
presence of E. coli in the lung. In the airsacs, a few bacteria were found from 0.5
hpi up to 4 dpi in E. coli and IBV-E. coli inoculated birds. Although, both
pathogens were cleared beyond detection at 7 dpi, lesions in the airsac in IBV-E.
coli inoculated birds persisted, in contrast to broilers inoculated with E. coli only.
In the present study it is shown that 4-week-old broilers are not resistant to
intratracheal E. coli inoculation, however, these birds can overcome the induced E.
coli infection within a short time span. Moreover, a preceding infection with
vaccine or virulent IBV does not seem to impair the clearance of E. coli in the
respiratory tract of broilers, but rather induces an exaggerated inflammatory
response in the airsacs only.
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Introduction

According to Barnes et al. (2003), Vaillancourt and Gross (2003), colibacillosis in
chickens refers to any localized or systemic infection caused entirely or partly by
Escherichia coli. This includes colisepticemia, coligranuloma, air sac disease,
coliform cellulitis, swollen head syndrome, coliform peritonitis, coliform
salpingitis, coliform osteomyelitis/synovitis, coliform panophtalmitis and coliform
omphalitis/yolk sac infection. In broilers, colibacillosis mainly manifests itself as
respiratory infection and peritonitis/pericarditis (Goren, 1978; Pourbakhsh et al.,
1997; Matthijs et al., 2003). In practice, colibacillosis involving the respiratory
tract in broilers is the most commonly encountered disease at slaughter, usually
affecting birds from three to four weeks of age onwards. The infection is
considered airborne, the air sacs probably being an important port of entry (Goren,
1978). In the present paper, colibacillosis in broilers refers to lesions induced by E.
coli in the respiratory tract.

In the field, avian colibacillosis is characterised by low to moderate mortality,
low to moderate incidence of septicemic lesions (mainly fibrinous polyserositis)
and a high percentage of birds with airsacculitis (Cheville et al., 1978; Matthijs et
al. 2003). Young chickens up to approximately the fourth week of life are
susceptible to infection after intratracheal inoculation with E. coli as a single
pathogen. In contrast, older chickens are considered resistant (Goren, 1978).
Respiratory tract lesions, including air sac disease due to E. coli, are classified
under systemic colibacillosis, and are frequently accompanied by septicaemia
(Cheville et al., 1978; Pourbakhsh et al., 1997; Matthijs et al., 2003).

Most published research does not consider colibacillosis per se. It rather gives a
description of the results of superinfection of E. coli after a preceding infection
with a micro-organism which enhances the susceptibility such as infectious
bronchitis virus (IBV) or Newcastle disease virus (NDV) or Mycoplasma
gallisepticum (Peighambari et al., 2000; Gross, 1990). Experimentally, E. coli is
usually applied by intratracheal or by supraconjunctival inoculation (Abdul-
Rahman Al-Ankari et al., 2001), or by aerosol (Peighambari ef al., 2000). In some
occasions, air sac inoculation is applied if reactions of the air sac wall are studied
(DeRosa et al, 1992) or a higher efficacy of the infection model is desired
(Pourbakhsh et al., 1997).

Lesions and reactions induced by E. coli in the three compartments of the
respiratory tract, i.e. the trachea and larynx, the lungs and the air sacs are well
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described (Gross, 1957; Cheville et al., 1978; Pourbakhsh et al., 1997). However,
most of these descriptions refer to chickens that have been inoculated
experimentally up to an age of two weeks and whose lesions were assessed only
during a period of 48 hours. As colibacillosis in the field is most often seen after
four weeks of age (Goren, 1978) and the course of the disease takes more than a
few days, a window in time exists on which little information is available.

The aim of this study was to investigate the macroscopical and histopathological
reactions induced upon intratracheal application of E. coli only and of a
superinfection of E. coli after a preceding infection with vaccine or virulent IBV
applied five days earlier in commercial broilers of four weeks of age. The location
of the pathogens in the respiratory tract was investigated during a 7 days period
after inoculation.

Material and methods

Experimental chickens
Eighteen-day-old embryonated eggs originating from a M. gallisepticum-free
broiler parent (Cobb) flock were obtained from a commercial hatchery and hatched
at the research facility of the Department of Farm Animal Health (Utrecht
University). Broilers were housed in negative pressure HEPA isolators (Beyer and
Eggelaar, Utrecht, the Netherlands) each with a volume of 0.68 m® and fitted with a
wire floor of 0.93 m’. Isolators were ventilated at a rate of approximately 40 m® h™",

Broilers were fed a commercial ration containing 12.4 MJ of metabolizable
energy per Kg and 19.5% crude protein ad /ibitum, but from day 14 onwards feed
was restricted to 75% of ad libitum intake on ‘skip a day base’ to prevent leg
disorders and hydrops ascites. Tap water was always provided ad libitum. Up to the
start of feed restriction, 22 h light was given per 24 h; thereafter it was reduced to
16 h. From day 4 onwards red light was given to prevent cannibalism. Isolator
temperature was gradually decreased from 35 °C at day 1 to 20 °C at day 31. From
day 31 to the end of the experiment isolator temperature was kept at approximately
20 °C.

All chickens were housed, handled and treated following approval by the Animal
Experimental Committee of the Veterinary Faculty of Utrecht University, the
Netherlands, in accordance with the Dutch regulation on experimental animals.
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Inocula
IBV vaccine virus H120 was obtained as commercial freeze-dried 1000 doses vials,
which contained at least 10> EIDs, (egg infective dose 50%) per dose (Nobilis” IB
H120; batch 041106A). The virulent Massachusetts IBV strain M41 was obtained
from Intervet, Boxmeer, the Netherlands, as freeze-dried vials containing 1083
EIDs¢/1.2 ml/vial. The virus had been passaged twice in SPF embryonated eggs.
All IBV inocula were prepared in distilled water just prior to use, and contained at
least 10*° EIDs, /ml of H120 virus and 10*® EIDsy/ml of IBV M41 virus.

The E. coli strain 506 (O78; K80) was isolated from a commercial broiler (Van
Eck and Goren, 1991). The E. coli culture was prepared as described by Matthijs et
al. (2003) and was used at a concentration of 10" colony forming units (CFU)/ml.

Experimental design

At day 1, broilers were randomly divided into four groups of 30 chickens each.
Each group was housed in a separate isolator. At 27 days of age two groups were
inoculated oculo-nasally (one droplet of 0.05 ml per bird in each eye and nostril)
and intra-tracheally (1 ml per bird): group 1 and group 2 received distilled water,
group 3 received IBV H120 vaccine and group 4 IBV M41. At 32 days of age,
groups 2, 3 and 4 were intra-tracheally inoculated with 1 ml £. coli culture per bird.
Group 1 received 1 ml PBS-diluted glucose broth intra-tracheally per bird.

For convenience, we refer to group 1 (distilled water and PBS broth) as PBS
group, group 2 (distilled water and E. coli broth) as the E. coli group, group 3 (IBV
H120 vaccine and E. coli broth) as the H120 group, and group 4 (IBV M41 and E.
coli broth) as M41 group.

Clinical and postmortem examination

Clinical signs of IBV infection were recorded 1, 2, 4 and 5 days after IBV
inoculation and after E. coli inoculation and just before euthanizing. A bird was
recorded as having signs of IBV infection if mucous nasal discharge was observed
after mild pressure on the nostrils (Matthijs et al., 2003).

From each group, 5 broilers were electrocuted and bled at 0.5 hpi (= hours post
E. coli inoculation), 3 hpi, and at 1, 2, 4 and 7 dpi (days post E. coli inoculation).
At each time point, colibacillosis lesions were scored macroscopically. Lesion
scoring was performed as described by Van Eck and Goren (1991) in the left and
right thoracic airsac, pericardium and liver. Lesion scores ranged from 0 to 3 per
organ, leading to a maximum score of 12 per bird (Van Eck and Goren, 1991).
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Histology and immunohistochemistry
Sampling of tissues

After post-mortem examination, trachea and right lung were collected in 10%
buffered formalin, fixed for 24 h and routine processed for histology. Also,
samples of the trachea, the left lung and both thoracic airsacs, were collected and
snap-frozen in liquid nitrogen for immunohistochemistry. Lung samples were taken
from a transverse section where the bronchus enters the lung. The part of both
thoracic airsacs, which was not attached firmly to the thoracic wall was sampled
completely. Sections were cut in such a way to enable inspection of at least 20 mm
of length of air sac wall.

Production of polyclonal antibodies against E. coli 506
The bacterial inocula were prepared by submersing one frozen bead (-70 °C) of a
batch containing the E. coli 506 strain in trypton soy broth (TSB) and by
subsequent incubation for 20 h at 37 °C. The bacteria were washed with PBS and
killed with methanol during 5 min. The suspension was centrifuged 10 min. at
1500g and the bacteria were washed twice with PBS and dissolved in 10 mg DDA
(dimethyl dioctadecylammonium bromide)/ml PBS.

Two rabbits were injected 3 times, 21 days between each injection, subcutaneous
with 1.5 ml of the PBS/DDA solution containing 10° E. coli bacteria per ml. Pre-
immune and immune sera were tested for specific antibodies against E. coli 506 on
dot blot, paraffin and cryostat sections. Both live and fixed bacteria were
recognized.

Tissue staining procedure for IBV and E. coli

Trachea and lung were collected in 10% buffered formalin, fixed for 24 h and
processed to paraffin. Sections were cut 5 pm thick, deparaffinised and placed in
pure methanol with 0.75% H,0O, for 30 minutes to remove endogenous peroxidase
activity. For IBV and E. coli staining in the airsac, cryostat sections (6 um thick)
were made from both thoracic airsacs. Cryosections were transferred to Superfrost
Plus slides (Menzel-Glaser) and stored over silicagel for at least 24 h before use.

Sections were incubated with rabbit serum specific for E. coli (E. coli 506) or
with mouse sera with mAbs 48.4 against IBV nucleoprotein (Koch et al.,1990) for
1 h. After washing in PBS, the slides were co-incubated for 1 h with rabbit anti-
mouse serum (Dako, Denmark) or goat anti-rabbit serum (Dako, Denmark)
conjugated to horseradish peroxidise. The slides were washed and stained with 0.5
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mg 3, 3-diaminobenzidine-tetrahydrochloride (DAB, Sigma, USA) per ml Tris-
HCI buffer (0.05 M, pH 7.6) containing 0.03% H,O,.

DAB-stained sections were counterstained with hematoxylin and mounted with
aquamount (BDH, UK).

Statistical analysis

Between-group differences per time point were non-parametrically analyzed for
mean lesion score (MLS) using the Mann-Whitney U test. Nasal discharge,
macroscopic colibacillosis lesions (airsacculitis, perihepatitis and/or pericarditis)
and microscopic lesions (tracheitis, pneumonia, airsacculitis) per time point were
non-parametrically analyzed between groups with Fischer Exact Test with
Bonferroni correction.

Results

Mortality
During the course of the experiment no mortality occurred.

Nasal discharge
Mucous nasal discharge was observed from 2 to 9 days after IBV inoculation.
From 2 to 5 days following IBV inoculation the number of birds with nasal
discharge in the M41 group was significantly higher in comparison with the H120
group (Table 1).
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Table 1. Number of broilers with mucous nasal discharge at different time points
after inoculation with Infectious Bronchitis Virus (IBV) vaccine H120 (group:
H120) or virulent IBV strain M41 (group: M41) at 27 days of age. All birds except
those in the PBS group were inoculated with E. coli at 32 days.

Days after IBV inoculation

Group 1 2 4 5% 6 7 9 12
PBS* 0/30%  0/30% 030" 0/30* 0/54 0/54 0/5* 0/54
E. coli®® 0/30  0/30%  0/30"  0/30* 0/5% 0/5% 0/5% 0/5%
HI120 0/30%  1/30  2/30*  3/30% 1/5% 2/5% 3/5% 0/5%
M41 0/30%  15/30®  28/30® 30/30®  3/5% 3/5% 1/5% 0/5%

ABGroups with different letters within a column are significantly different (P<0.05).

SBroilers inoculated at 27 days of age with distilled water and at 32 days of age with PBS broth.
$$Broilers inoculated at 27 days of age with distilled water and at 32 days of age with E. coli broth.
*Day of inoculation with E. coli.

78



Chapter 5

Table 2. Macroscopical colibacillosis lesions: number of broilers with airsacculitis
and/or pericarditis/perihepatitis and the mean lesion score (MLS + SD). At each
timepoint and within each group five birds were analysed. Birds were inoculated
with Infectious Bronchitis Virus (IBV) vaccine H120 (group: H120) or virulent
IBV M41 (group: M41) at 27 days of age. All birds except those in the PBS group
were inoculated with E. coli at 32 days of age.

Time after E. coli 506 strain inoculation

Broilers with 0.5h 3h 1d 2d 4d 7d
Airsacculitis  PBS® 0* 0* 0* 0* 04 04
E. coli® 0* 0* 58 2AB 3AB 0t
H120 478 5B 5P 5P 5P 5P
M4l 58 58 58 478 58 58
Perihepatitis ~ PBS® 0A 0A 0A 0A 04 04
and/or E. coli®® 0t 0t 1 0* 24 (0
Pericarditis ~ H120 04 04 04 04 24 14
M41 04 04 04 04 34 24
MLS PBS® 0.0+£0.0%  0.0£0.0"  0.0£0.0*  0.0£0.0*  0.0£0.0"  0.0£0.0*
E. coli®  0.0+0.0"  0.0£0.0° 1.6£1.6° 1.642.2"% 3.443.4"%  0.0£0.0*
H120 0.4+0.2%  0.5£0.0" 2.4=1.5%  3.4£19° 6.6+3.5° 5.0+4.1°
M41 0.5£0.0%  0.5£0.0"  3.4x0.9% 2.0£1.9° 6.4+2.5°% 4.53.0°

ABGroups with different letters within a column are significantly different (P<0.05).
SBroilers inoculated at 27 days of age with distilled water and at 32 days of age with PBS broth.
$$Broilers inoculated at 27 days of age with distilled water and at 32 days of age with E. coli broth.

Macroscopical lesions
Broilers that received IBV (H120 and M41 group) showed veiled airsacs at 0.5 and
3 hpi. No lesions were found at that time in the PBS group and the E. coli group.

79



E. coli respiratory tract lesions in broilers

In all infected groups airsaccultis, pericarditis and perihepatitis was observed
from 1 dpi. Pericarditis and perihepatis were only found in broilers with severe
airsacculitis. Lesions were more pronounced in the H120 and M41 group than in
the E. coli group, however the difference was not significant. Seven dpi no
macroscopical lesions were found in the E. coli group, whereas airsacculitis was
present in all and serositis in some birds of the H120 and M41 group. The number
of broilers with airsacculitis, perihepatitis and/or pericarditis and mean
macroscopic lesion score are presented in Table 2.

Microscopical lesions
Trachea

In the PBS group, at all time points, tracheas were lined with pseudostratified
ciliated columnar respiratory epithelium with few goblet cells and varying numbers
of mucoid glands. The lamina propria was one to three cells wide and no infiltrates
were present (Figure la). A few single granulocytes per section were present.
Plasma cells were present in low numbers varying from 5 to 30 plasma cells per
section.

In the E. coli group, no lesions were found in the tracheas at any stage except for
a slight increase of plasma cells in the lamina propria at 2 and 4 dpi.In the H120
and M41 group, from 3 hpi, the epithelium was not ciliated, grossly cuboid, and
partially flat (Figures 1b and lc). At 4 dpi the epithelium had regained the
pseudostratified ciliated morphology in the tracheas of the birds in the M41 group;
at 7 dpi in both IBV groups the epithelium resembled that of the PBS group (Figure
1d). The lamina propria in the H120 and M41 group was more than 10 cells wide
due to mononuclear and mixed cell infiltration (mononuclear cells and
granulocytes). The mononuclear infiltrate in the lamina propria of these groups
declined slightly to 3 cells wide at 7 dpi, some larger mononuclear aggregates and
several follicles remaining locally.

Granulocytes were present in the lamina propria in numbers varying from a few
to more than hundred per field of view and also between epithelial cells resulting in
thousands per trachea section at 1 dpi, decreasing at 2 and 4 dpi to only a few per
section at 7 dpi. Plasma cells were found varying from 30 to 100 per section at 3
hpi. Plasma cell numbers increased at 2 and 4 dpi to 40 to 250 per section and
diminishing to 30 to 50 per section at 7 dpi. At 1 dpi few follicles were found in
some tracheas of the IBV groups; at 7 dpi 1 to 4 per section were found in tracheas
of birds of the M41 group and 4 to 8 in H120 group.
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Fig 1c

Figure 1. Trachea of broilers inoculated oculonasally and intratracheally with either PBS (Fig 1a) or
IBV H120 (Fig 1b, ¢, d) at 27 days of age and intratracheally with PBS-diluted glucose broth (Fig la)
or E. coli (Fig 1b, c, d) at 32 days of age.

(a) Trachea sampled at one day after inoculation with PBS-diluted glucose broth. Haematoxylin and
eosin stain, bar = 50 microns. Normal tracheal mucosa with pseudostratified columnar epithelium (E),
bearing cilia (C), lamina propria (Lp) of only few cells thickness and mucous glands (M).

(b) Trachea sampled one day after inoculation with E. coli. Immunoperoxidase IBV — haematoxylin
stain, bar = 50 microns. Epithelial cells (E) have irregular morphology and do not bear cilia, epithelial
cells containing IBV are stained (arrowheads; note the negative cast of the nucleus); in the lamina
propria mononuclear infiltrate (Mon) of several tens of cells in thickness is present.

(c) Trachea sampled at one day after inoculation with E. coli. Immunoperoxidase E. coli —
haematoxylin stain, bar = 50 microns. Epithelial cells (E) do not bear cilia, in the lamina propria
mononuclear infiltrate (Mon) more than ten cells in thickness is present. Stained E. coli bacteria
(arrowheads) are present in purulent exudation containing heterophils with bilobar nuclei (arrows);
the mucosal surface does not appear to be colonized by E. coli.

(d) Trachea sampled at seven days after inoculation with E. coli. Haematoxylin and eosin stain, bar =
50 microns. Mucosa consists of pseudostratified columnar respiratory epithelium (E) and bearing cilia
(C); in the lamina propria (Lp) mononuclear infiltrate (Mon) is present.
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Figure 2. Lung of broilers inoculated oculonasally and intratracheally with either PBS (Fig 2b, ¢, d)
or IBV H120 (Fig 2a, e) or IBV M41 (Fig 2f, g) at 27 days of age and intratracheally with PBS-
diluted glucose broth (Fig 2¢) or E. coli (Fig 2a, b, d, e, f, g) at 32 days of age.

(a) Lung tissue sampled at seven days after inoculation with E. coli. Haematoxylin and eosin stain,
bar = 200 microns. Parabronchi (Pb) appear aerated; the lamina propria of the bronchus is heavily
infiltrated (Mon) and several follicles (F) are present in both the lamina propria of the bronchus (Br)
and in the peribronchial area. Most interparabronchial septa (S) are without infiltrate.

(b) Lung tissue sampled at seven days after inoculation with E. coli. Haematoxylin and eosin stain,
bar = 200 microns. Parabronchi (Pb) appear aerated; the lamina propria of the bronchus (Br) is only
slightly infiltrated. Adjacent to the bronchus some mononuclear infiltrate (Mon) exists. Most
interparabronchial septa (S) are thin and without infiltrate.

(c) Lung tissue sampled at one day after inoculation with PBS-diluted glucose broth. Haematoxylin
and eosin stain, bar = 50 microns. Normal aerated aspect of atria (At), infundibulum (In), and
capillary region (Cap) with open air capillaries as indicated by the position of the epithelial cells with
two nucleoli visible (arrows), in insert. Interparabronchial septum (S) is thin and without oedema.

(d) Lung tissue sampled at one day after inoculation with E. coli. Haematoxylin and eosin stain, bar =
50 microns. Massive infiltration in capillary region (Cap) and apparent extensive loss of aeration in
atria (At), infundibulum (In), and collapse of capillary region as indicated by the increase in density
of respiratory epithelial cells with two nucleoli visible (arrows), in insert. Interparabronchial septum
(S) shows oedema.
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(e) Lung tissue sampled at one day after inoculation with E. coli. Left and right represent serial
sections of the same parabronchi taken at small distance. Bar = 200 microns.

Left: Immunoperoxidase E. coli — haematoxylin stain. E. coli bacteria (arrowheads) are present in the
capillary region (Cap), in atria (At) and in the central lumen (L) as deeply staining aggregates of
antigen representing many bacteria. In the interparabronchial septum (S) oedema is present.

Right: Haematoxylin and eosin stain. Parabronchi demonstrate infiltration of capillary region (Cap)
and exudation in the atria (At) and in the central lumen (L). The capillary region does not appear
aerated, only a few atria seem partially aerated. Massive oedema exists in the interparabronchial

septum (S).
(f) Lung tissue sampled at seven days after inoculation with E. coli. Inmunoperoxidase E. coli —
haematoxylin stain, bar = 100 microns. Remnants of parabronchus with heavily infiltrated

interparabronchial septum (S); from the capillary region and the lumen a necrotic core (asterisk)
surrounded by macrophages (M), partially multinucleated, remains. E. coli bacteria within the core
are stained (arrowhead). Adjacent a parabronchus with apparently aerated air capillaries (Cap).

(g) Lung tissue sampled at three hours after inoculation with E. coli. Immunoperoxidase E. coli —
haematoxylin stain, bar = 50 microns. Epithelium lining central parabronchial lumen shows increased
thickness, many epithelial cells have vacuolated cytoplasm (arrows) and in several epithelial cells
aggregates of stained E. coli bacteria (arrowheads) are visible. E. coli bacteria are also present as
deeply staining aggregates in the atria and in the central lumen (L). Exudation is present containing
heterophils with bilobar nuclei.
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Lungs
Bronchi

The adventitia of the bronchi of broilers of the E. coli, H120 and M41 group
showed oedema and cellular infiltrations consisting mainly of granulocytes and
mononuclear cell types, which were present from 0.5 hpi and 2 dpi, respectively. In
most birds of the E. coli group the lamina propria of bronchi were changed. Slight
to moderate oedema and hyperaemia and granulocyte infiltrates were present; in
some occasions granulocytes were present between epithelial cells. In the IBV
groups, marked changes were present, consisting of lymphocyte infiltrates,
granulocyte infiltrates extending into the epithelial layer, hyperaemia and oedema
in varying but considerable amounts. Follicles were also present mainly in the
lamina propria and some also in the adventitia surrounding the bronchi. The mean
number of follicles per section of bronchus varied from 2 to more than 15 in both
IBV groups from 1 dpi onwards, i.e. from 6 days after IBV inoculation (Figure 2a,
lung at 7 dpi). In the PBS group and the E. coli group, few follicles were present,
i.e. a mean of 1 follicle per section of bronchus (Figure 2b).

Parabronchi
In the PBS group, at all time points, the capillary area of parabronchi, infundibula
and atria appeared open and aerated. The atrial septa consisted of a thin stroma
lined with flat epithelium. In the capillary area predominantly erythrocytes, air
capillary epithelium and endothelium were recognized, also a few mononuclear
cells were present, mostly fibrocytes and macrophages (Figure 2c).

The histopathological changes found in the parabronchi of the E. coli group, the
H120 group and the M41 group were similar. One bird of the E. coli group
sampled at 1 dpi did not show any reaction.

Most altered parabronchi were located adjacent to and surrounding the primary
bronchus. In some occasions also the parabronchi running at the periphery of the
lung were affected. Heavily affected parabronchi were frequently situated next to
intact parabronchi. Some lengthwise sectioned parabronchi were only affected
partially, the healthy part abruptly transitioning into clearly inflamed tissue. In
most affected parabronchi the central lumen was not clogged.

At 3 hpi several parabronchi appeared collapsed due to loss of air in the capillary
area resulting in a reduction of the outer diameter of the parabronchus and an
increase of the number of cells per field of view (Figure 2d, lung at 1 dpi). In
several birds of all three infected groups, oedema and granulocyte infiltration of the
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parabronchus was noticed at this time point. At 1 dpi collapse oedema and
abundant cellular infiltration consisting mainly of granulocytes and to lesser extend
of mononuclear cell types were observed in the capillary area of many parabronchi
of almost all infected birds, which diminished from 2 to 4 dpi. The parabronchial
septa were thickened due to oedema and cellular infiltration. In a few severely
affected parabronchi, passage of air appeared impossible through oedema and
cellular infiltration, collapse of air capillaries and accumulation of exudation in the
central lumen (Figures 2e and 2f). Margination and diapedesis of granulocytes was
observed in arteries including the branches of the arteria pulmonalis running at the
triads where three parabronchi meet. In several parabronchi of all three infected
groups serous fluid and inflammatory cells were present in the atria and the central
lumen.

The epithelium lining the central lumen increased in thickness and changed to a
nearly cuboid shape from 3 hpi onwards in all E. coli inoculated groups. In a few of
these epithelial cells bacteria were found in immunohistochemically stained
sections (Figure 2g).

In some instances, at 1 and 2 dpi, a segment of the parabronchus showed
suppurative necrotizing parabronchitis. A core of debris with a faint representation
of the preexistent architecture, surrounded by partially multinucleated phagocytes
enclosed within the interparabronchial septum remained of these parabronchi. In
this core of debris, small nests of bacteria were present. These structures had
assumed the form of a granuloma and multinucleate macrophages were present
from 2 dpi onwards (Figure 2f, lung at 7 dpi).

Oedema and granulocytes disappeared gradually from 2 dpi onwards.
Subsequently, predominantly mononuclear infiltrates remained in affected
parabronchi. At 7 dpi, most parabronchi seemed to have recovered completely and
normal architecture was seen. They appeared inflated and had a diameter similar to
that of the control birds (Figure 2a and 2b). At this time point, few parabronchi in
several birds of all infected groups were only partially or not inflated and infiltrated
or necrotized. Birds with these changes have been classified as having pneumonia
in Table 3.

In several lungs of the E. coli, the H120 and the M41 group few isolated small
focal mononuclear infiltrates were present in parabronchial/atrial septa (Figures 2a
and 2b). The number of affected parabronchi and severity of parabronchial lesions
are presented in Table 4.
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Table 3. Microscopical lesions: number of broilers with tracheitis, pneumonia and
airsacculitis. At each timepoint and within each group five broilers were analysed.
Birds were inoculated with Infectious Bronchitis Virus (IBV) vaccine H120
(group: H120) or virulent IBV M41 (group: M41) at 27 days of age. All birds
except those in the PBS group were inoculated with E. coli at 32 days of age

Time after E. coli inoculation

Broilers with 05h 3h 1d 2d 4d 7d
Tracheitis PBS® 0t 0* 0* 0* 04 04
E. coli* 0* 0* 0* 0* 0* 0*
H120 5B 5P 5P 5P 5P 5P
M41 58 58 5B 5B 5B 5B
Pneumonia PBS® n.d. n.d. o* o* o* o*
E. coli® n.d. n.d. 58 58 3AB 34
H120 n.d. 44 3AB 5B 5B 34
M4l n.d. 54 5B 48 248 34
Airsacculitis  PBS® 04 04 04 04 04 04
E. COli$$ 3AB 4AB SB 3AB 3AB OA
H120 58 5B 5B 5B 5B 5B
M41 58 58 58 478 5B 5B

ABGroups with different letters within a column are significantly different (P<0.05).

$Broilers inoculated at 27 days of age with distilled water and at 32 days of age with PBS broth.
$SBroilers inoculated at 27 days of age with distilled water and at 32 days of age with E. coli broth.
$551.d. = not determined

86



Chapter 5

Table 4. Percentage of damaged parabronchi in broilers inoculated with IBV
vaccine H120 (group: H120) or virulent IBV strain M41 (group: M41) at 27 days
of age. All birds except those in the PBS group were inoculated with E. coli at 32
days of age. At each timepoint and within each group five birds were analysed.
Percentage of damaged parabronchi per field section: - = 0%, +/- = 0-10%, + = 10-
30%, ++ = >30%. Severity of damage of the parabronchi: - = no changes, +/- =
minor cell infiltration/oedema in part of parabronchus, + = generalized cell
infiltration in whole parabronchus, ++ = massive cell infiltration and/or necrosis in
parabronchus.

Damaged parabronchi Severity of damage

Time after E. coli inoculation

Group 3h 1d 2d 4d 7d 3h 1d 2d 4d 7d
PBS® nd® - - - - n.d. - - - -

E. coli® nd. o+ + +- nd.  ++ + +- H-
H120 + + + + +/- +/- +/- +/- +/- +/-
M41 + ++ + +/- +/- +/- + +/- +/- +/-

$Broilers inoculated at 27 days of age with distilled water and at 32 days of age with PBS broth.
$SBroilers inoculated at 27 days of age with distilled water and at 32 days of age with E. coli broth.
%n.d. = not determined.

Airsacs
In the PBS group, at all time points, the wall of the cranial thoracic airsacs
consisted of a thin layer of stroma covered with serosa of one cell thickness. On the
respiratory side areas covered with columnar ciliated epithelium of the respiratory
tract alternated with areas covered with flat epithelium.
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Fig 3¢

Figure 3. Airsac of broilers inoculated oculonasally and intratracheally with either PBS (Fig 3a,b) or
IBV M 41 (Fig 3c,d) at 27 days of age and intratracheally with PBS-diluted glucose broth (Fig 1a) or
E. coli (Fig 3b,c,d) at 32 days of age.

(a) Airsac samples at four days after inoculation with PBS-diluted glucose broth. Immunoperoxidase
IBV — haematoxylin stain, bar = 100 microns. Columnar respiratory epithelium bearing cilia (Ec)
alternated with flat epithelium (Ef). Serosa of one cell thickness (Ser).

(b) Airsac sampled at seven days after inoculation with E. coli. Immunoperoxidase IBV —
haematoxylin stain, bar = 100 microns. Intact columnar respiratory epithelium bearing cilia (Ec)
alternated with flat epithelium (Ef). No mononuclear infiltrate is present in the stroma (St).

(c) Airsac sampled at 0,5 hours after inoculation with E. coli. Immunoperoxidase IBV — haematoxylin
stain, bar = 100 microns. Columnar epithelium (Ec) is intact, a mononuclear infiltrate (Mon) mostly
consisting of macrophages (Mg) as shown previously by immunohistochemistry (Matthijs et al.,
2008) and a follicle (F) are present.

(d) Airsac sampled at seven days after inoculation with E. coli. Immunoperoxidase IBV —
haematoxylin stain, bar = 100 microns. Oedema (Oed), mononuclear infiltrate (Mon) and several
follicles (F) are present in the stroma as well as purulent exudation (Pe) in the airsac lumen.
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Table 5. The extent of oedema and purulent exudation in the thoracic airsac in
broilers inoculated with IBV vaccine H120 (group: H120) or virulent IBV strain
M41 (group: M41) at 27 days of age. All birds except those in the PBS group were
inoculated with E. coli at 32 days of age. At each timepoint and within each group
five birds were analysed.

Oedema and pus present per field section:- = no oedema or pus, +/- = localized
oedema and pus, + = generalised oedema and pus, ++ = massive oedema and pus.

Oedema Purulent exudation
Time after E. coli inoculation Time after E. coli inoculation
0.5 0.5
Group b 3h 1d 2d 4d 7d b 3h 1d 2d 4d 7d
pBS® - - - - - - - - - - e -
E. coli®® - H- H- o+ o+ - - T
H120 ++  ++ + + ++  +/- + + ++ 4+ 4+
M41 e T = = S S + + ++ 4+ 4+

SBroilers inoculated at 27 days of age with distilled water and at 32 days of age with PBS broth.
$$Broilers inoculated at 27 days of age with distilled water and at 32 days of age with E. coli broth.

A distinct lamina propria was not recognizable. No oedema, infiltrates and follicles
were present (Figure 3a).

In the E. coli group, mononuclear infiltrates were present in some broilers at 1 dpi
and had disappeared at 7 dpi. At 7 dpi, the epithelium was completely intact
(Figure 3b).

In most broilers of both IBV groups, mononuclear infiltrate and several follicles
were present in the stroma at 0.5 hpi (Figure 3c¢) and at 3 hpi up to 7 dpi. No
noticeable difference existed between the number of follicles observed at 1 dpi and
observed at 7 dpi.
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7 dpi 7 dpi

Figure 4. The localization of IBV antigen in the respiratory tract (trachea, lung and thoracic airsacs)
of broilers (n = 5 per time point (hours post E. coli inoculation = hpi/days post E. coli inoculation =
dpi) at 32 days of age, preceded by IBV vaccine H120 (H120 group) or virulent IBV M41 (M41
group) at 27 days of age).
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At 7 dpi in both IBV groups oedema and mononuclear infiltrates and several
follicles were present in the stroma as well as purulent exudations in the airsac
lumen.

The extent of oedema and pus in the thoracic airsac is presented in Table 5. No
difference in oedema and purulent exudation were found between the H120 and
M41 groups (Figure 3d). In the E. coli group only localized oedema and pus were
found.

The number of broilers with microscopical lesions in trachea, lung and airsacs are
presented in Table 3.

Location of pathogens
IBV antigen

IBV antigen was found in respiratory epithelial cells present in the trachea (Figure
1b), the bronchi and the airsac of the H120 and M41 groups. IBV was not found in
mucoid glands in the trachea, neither in the flat epithelium lining part of the airsac
nor in the parabronchi.

The number of broilers with IBV antigen and its localisation at different time
points after E. coli inoculation is presented in Figure 4.

E. coli antigen
The tracheas of all broilers inoculated with E. coli appeared free of bacteria from 2
dpi to 7 dpi except one bird of the H120 group that had E. coli bacteria in the
trachea at 4 dpi. In case E. coli bacteria were found in trachea at 1 dpi this was
never accompanied by lesions.

Adhesion of bacteria to the epithelium was not observed (Figure 1¢). Moreover,
bacteria were not encountered in the deeper layers of the tracheal wall.

E. coli was present in the capillary region and the larger lumina of the
parabronchi in the lungs. In the affected parabronchi the amounts of bacteria in the
capillary area, the atria and in the purulent debris within parabronchial and
bronchial lumina were similar; between parabronchi the amount varied
considerably. Most bacteria were found in the parabonchi adjacent to the bronchus.
The bacteria detected with specific antiserum were present as free bacteria and as
round agglomerates of several microns of diameter not recognisable as individual
bacteria (Figures 2e and 2g). Few bacteria were found within individual epithelial
cells from the lining of the parabronchial central lumen (Figure 2g). Positively
stained material was found mainly as small round agglomerates and free bacteria
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were not seen in the lung tissues at 2 and 4 dpi. These agglomerates of antigen
were found in the capillary part and in the lumen of the parabronchi. No evidence
for the presence of bacteria in endothelial cells of the capillary part of the
parabronchus was found. The occurrence of bacteria in lung tissue was
accompanied by inflammatory changes of the parabronchus.

In plugs of debris, resulting from complete purulent necrosis of parabronchi,
small round colonies of bacteria were enclosed in cracks in the debris from 2 dpi
onwards. Small nests of bacteria were still present in cracks in the solid necrotic
material within the remains of necrotized parabronchi at 7dpi; in these lungs this
was the only site where bacteria were found (Figure 2f).

In the airsacs, positively stained material was found predominantly in pus located
at the surface. Individual bacteria were present in the E. coli group and only few
individual bacteria and also small round agglomerates of antigen were present in
both IBV groups. At 3 hpi the presence of bacteria was accompanied by oedema of
the air sac wall in all broilers of the IBV groups, but not in the broilers of the E.
coli group. At 2 and 4 dpi in the E. coli and IBV groups, the presence of bacteria
was also accompanied by inflammatory changes i.e. cellular infiltrates in the
stroma and/or the respiratory epithelium. These broilers also showed purulent
exudation on the respiratory surface of the airsacs. At 7 dpi no bacteria were
detected in the air sacs of any group.

Bacterial antigen was also found in association with pleuritis. It was found in the
E. coli group at 1 dpi (4 broilers), 2 dpi (2 broilers) and 4 dpi (2 broilers). In the
H120 group and the M41 group pleuritis was found at 4 dpi in only 1 bird per
group. The number of broilers with E. coli antigen and its localisation at different
time points after £. coli inoculation is presented in Figure 5.
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7 dpi 7 dpi 7 dpi

Figure 5. The localization of E. coli antigen in the respiratory tract (trachea, lung and thoracic
airsacs) of broilers (n = 5 per time point (hours post E. coli inoculation = hpi/days post E. coli
inoculation = dpi) at 32 days of age, preceded by inoculation with distilled water (E. coli group) or
IBV vaccine H120 (H120 group) or virulent IBV M41 (M41 group) at 27 days of age).



E. coli respiratory tract lesions in broilers

Discussion

In the present study, broilers of four weeks of age were inoculated intratracheally
with E. coli as a single agent or as a superinfection after a preceding infection with
IBV of either virulent M41 strain or H120 vaccine strain. Both approaches resulted
in pneumonia and airsacculitis.

An important difference was that broilers only infected with E. coli recuperated
within a week after inoculation, whereas the dually infected birds still suffered
from persisting airsacculitis and systemic infection despite the fact that they had
cleared trachea and lungs from immunohistochemically detectable IBV and E. coli.
Regarding the lesions in the lungs, only minor differences were found between the
E. coli and IBV groups. In neither group the trachea appeared to be involved in the
infection with E. coli. Only a few bacteria were occasionally seen in some tracheas;
they appeared freely distributed in the lumen and not attached to epithelial cells.
No signs of colonization by E. coli as mentioned by Nakamura et al. (1992) of
tracheal epithelium were seen. Various other authors reported colonization of fowl
tracheas by E. coli based on countings of CFU after grinding tracheal tissue
(Marien et al., 2005; 2006). By doing so, exudation containing £. coli bacteria may
have been included in these samples, adversely suggesting colonization of the
tracheal mucosa. Another difference in the microscopic lesions was more
pronounced lymph follicular reactions in the IBV groups compared to the E. coli
group.

Our results indicate that 4-week-old broilers are not in sensu stricto naturally
resistant against an experimental infection with a high dose of E. coli, but are
capable to recover from an acquired infection within several days, showing only
minimal recognisable damage in the respiratory tract. Indications for the clearance
of bacteria from the respiratory tract were found after immunohistochemical study
of the tracheas, the lungs and the airsacs. In case bacteria were still encountered at
7 dpi, they were always found within cores of necrotic material from severely
affected parabronchi. These cores resembled fibriscesses (Huchzermeyer et al.,
2000), which are considered the result of a defence mechanism to prevent
bacteraemia in reptiles and birds, thus suggesting that clearance mechanisms were
effectively operational. Moreover, some other authors (Peighambari et al., 1999;
Yoder et al., 1989) mention a discrepancy between the occurrence of bacteria as
determined by cultural methods and the presence of lesions in the respiratory tract
after infection with E. coli, also suggesting that clearing of this bacterium might be
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a common phenomenon. Apparently it occurs rapidly and effectively within days,
and is therefore presumably based upon non-specific defence mechanisms.

One of the reactions in the lungs observed as early as 3 hpi is deinflation
resulting in collapse of the capillary region of the parabronchus. The event
resembles the collapse of the mammalian lung after disappearance of surfactant in
inflammatory reactions in the lung by decreased production and increased
reabsorption of surfactant by type-II pneumocytes mediated by e.g. surfactant
protein (SP)-A (Griese, 1999). In this respect, the observed increase in size of
parabronchial epithelium and the vacuolized aspect of the cytoplasm may be a
consequence of the uptake of surfactant by pneumocytes during the early defence
against bacterial infection and the preparation for reactive changes in the lung. It is
noteworthy that the avian type-Il pneumocyte is present in the parabronchial
epithelium, which lines the central lumen (Lorz et al, 1997). However, it must be
kept in mind that concerning the origin, the composition and structure and the
metabolism major differences exist between mammalian and avian lung surfactants
(Scheuermann et al, 1997) and surfactant proteins (Bernhard ez al., 2001).

In contrast to the capillary region, the central lumen in most affected parabronchi

remains passable for air. The affected parabronchi were situated around the
primary bronchus: this distribution may explain that pneumonia in chicken lung is
hard to recognize macroscopically.
The preceding infection with IBV did not seem to affect the clearance of E. coli
from the lungs and the airsacs. This finding is in line with the work of Ariaans et
al. (2008, accepted Veterinary Immunology and Immunopathology), who
described that the effector function of phagocytic cells in peripheral blood and in
the spleen is not affected by an infection with IBV.

IBV antigen was found in the airsacs, persisting five to seven days after
inoculation with IBV. It appears that from the three compartments of the
respiratory tract: trachea, lungs (bronchi and parabronchi) and the airsacs, the
airsacs are the only site which may harbour both IBV and E. coli during a
maximum of 2 dpi. A plausible explanation for the longer persistence of airsac
lesions compared to trachea and lungs upon successive infection of broilers with
both IBV and E. coli was given previously by Matthijs et al. (2008, accepted
Veterinary Immunology and Immunopathology), who demonstrated the occurrence
of a reduction in the number of macrophages a week after inoculation with E. coli,
whereas these cells were still present in high numbers at this stage in the airsacs of
IBV-E. coli infected broilers. Possibly, upon the influence of both pathogens the
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high concentrations of macrophages will be prompted to overproduce pro-
inflammatory cytokines, favouring the occurrence of the persistent airsacculitis. In
this regard, Gross (1990) also considers the E. coli-complicated respiratory
infection the result of an overspecialized cellular response.

Based on the presented data we conclude that four-week-old broilers are not
resistant to intratracheal E. coli inoculation with high doses, however, these birds
can within a short time span overcome the induced E. coli infection. Moreover, a
preceding infection with IBV vaccine and field strain does not impair the clearance
of E. coli in the respiratory tract of broilers, but rather induces an exaggerated
inflammatory response only in the airsacs. Further research on superinfections with
IBV and E. coli in broilers, should focus on the airsacs because it is the only site of
the respiratory tract where both pathogens were demonstrated and the persistence
of inflammatory changes was observed.
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E. coli superinfection in IBV infected broilers

Abstract

Colibacillosis results from infection with avian pathogenic Escherichia coli
bacteria. Healthy broilers are resistant to inhaled E. coli, but previous infection
with vaccine or virulent strains of Infectious Bronchitis Virus (IBV) predisposes
birds for severe colibacillosis. The aim of this study was to investigate how IBV
affects the course of events upon infection with E. coli. Broilers were inoculated
with IBV H120 vaccine virus or virulent M41 and challenged 5 days later with E.
coli 506. A PBS and E. coli group without previous virus inoculation were
included. Sections of trachea, lung and airsacs were stained for CD4, CDS, yo -
TCR, af1-TCR, and for macrophages (KUL-01) and both pathogens. Changes in
the mucociliary barrier of trachea, lung and airsacs did not predispose for bacterial
superinfection. The disease in the lungs of the E. coli group and both IBV/E. coli
groups was similar. Lesions in the airsacs were more pronounced and of longer
duration in the IBV/E. coli groups. The immunocytological changes differed
substantially between the E. coli group and both IBV/E. coli groups. In trachea,
lungs and airsacs the CD4+ and CD8+ populations were significantly larger than in
the E. coli and PBS groups. In the lungs and the airsacs the macrophages were
more numerous in the IBV/E. coli and the E. coli groups than in the PBS group.
The presence of great numbers of T cells and macrophages in IBV infected birds
most likely induced an altered immune response, which is responsible for the
enhanced clinical signs of colibacillosis.
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Introduction

In humans as well as in animals it is well known that viral infection of the
respiratory tract can predispose for bacterial infections (reviewed by Heinzelmann
et al., 2002; Matthijs et al., 2003). Two hypotheses for the underlying mechanisms
have emerged. One hypothesis is that bacterial superinfection emerges from viral
damage to the respiratory tissue, characterized by loss of cilia and ciliated cells
(Bakaletz, 1995), decreased ciliary activity and mucociliary clearance (Wilson et
al., 1996), and/or that damage to epithelium may provide more attachment sites to
bacteria (E1 Ahmer ef al., 1999). A second hypothesis is that the immune responses
after viral infection may increase the susceptibility for bacterial infections.
Phagocytosis of bacteria by macrophages (Debets-Ossenkopp et al, 1982) or
neutrophils (Engelich et al., 2001; Navarini ef al., 2006) has shown to be hampered
due to a previous viral infection. Moreover, the innate anti-viral responses,
especially type I IFN, may have a severe granulotoxic effect that increases
susceptibility to bacterial superinfection (Navarini et al, 2006). The cell
populations in tissues of superinfected animals differ significantly from cell
populations in tissues of animals infected with only one pathogen. In addition,
superinfections may result in an overproduction of inflammatory cytokines, which
may contribute to immunopathology due to exacerbated immune responses
(Beadling and Slifka, 2004; Sluijs et al., 2006; Speshock et al., 2007).

Two hypotheses to explain the enhanced susceptibility have been suggested but
the underlying mechanisms are still not fully understood (Navarini et al., 2006).
The results are not conclusive and further experimental studies are needed to
elucidate this phenomenon. Most experiments concerning superinfections of the
respiratory tract have been performed in laboratory animals (Beadling and Slifka,
2004; Sluijs et al., 2006). These experimental models have several advantages, but
an important disadvantage is that the animals used are usually not natural host for
the infectious agents used.

The use of chickens as experimental animal in combination with avian pathogens
could overcome this disadvantage. A superinfection model with Infectious
Bronchitis Virus (IBV) and E. coli in chickens has been developed (Goren, 1978).
Matthijs et al. (2003) used this model and showed increased susceptibility for E.
coli after previous infection with virulent IBV. Remarkably, this phenomenon was
also observed after infection with a mild IBV vaccine virus. This suggested that
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mechanical tissue damage was not the cause of the enhanced susceptibility to E.
coli.

This infection model offers the opportunity to investigate how a preceding
infection with either a virulent or a mild IBV strain may affect the course of a
subsequent E. coli infection in the respiratory tract (trachea, lung and airsac) of
broilers. The aim of this study was therefore to investigate two possible
mechanisms of enhanced susceptibility: tissue damage and alteration of the
immune response. The immunocytological changes were observed over a time
course from 0.5 hours to 7 days after application of E. coli in the trachea. During
that period dynamics of IBV, E. coli, lymphocytes (CD4, CDS, y5-TCR and of1-
TCR) and macrophages (KUL-01) in the trachea, lung and airsacs of broilers were
studied.

Materials and Methods

Experimental chickens

Eighteen-day-incubated eggs originating from a Mycoplasma gallisepticum-free
broiler parent (Cobb) flock were obtained from a commercial hatchery and hatched
at the research facility of the department of Farm Animal Health (Utrecht
University). From day of hatch (day 1), broilers were housed in negative pressure
HEPA isolators (Beyer and Eggelaar, Utrecht, The Netherlands) each with a
volume of 0.68 m’ and fitted with a wire floor of 0.93 m®. Isolators were ventilated
at a rate of approximately 40 m> h'.

Broilers were fed a commercial ration containing 12.4 MJ of metabolically
energy per Kg and 19.5% crude protein ad /libitum, but from day 14 onwards feed
was restricted to 75% of ad libitum intake on ‘skip a day base’ to diminish leg
disorders and hydrops ascites. Tap water was provided ad libitum throughout the
experimental period. Up to the start of feed restriction, 22 h light was given per 24
h; thereafter it was reduced to 16 h. From day 4 onwards red light was given to
prevent cannibalism. Isolator temperature was gradually decreased from 35°C at
day 1 to 20°C at day 31. From day 31 to the end of the experiment isolator
temperature was kept at approximately 20°C.

All chickens were housed, handled and treated following approval by the Animal
Experimental Committee of the Veterinary Faculty of Utrecht University, The
Netherlands, in accordance with the Dutch regulation on experimental animals.
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Inocula
IBV vaccine virus H120 was obtained as commercial freeze-dried 1000 doses vials,
which contained at least 10> EIDs, (egg infective dose 50%) per dose (Nobilis” IB
H120; batch 041106A). The virulent Massachusetts IBV strain M41 was obtained
from Intervet, Boxmeer, The Netherlands, as freeze-dried vials containing 1083
EIDsy /1.2 ml/vial. The virus had been passaged twice in SPF embryonated eggs.
All IBV inocula were prepared in distilled water just prior to use, and contained at
least 10*° EIDs, /ml of H120 virus and 10*® EIDsy/ml of IBV M41 virus.

The Escherichia coli strain 506 (O78; K80) was isolated from a commercial
broiler (Van Eck and Goren, 1991). The E. coli culture was prepared as described
by Matthijs et al. (2003) and was used at a concentration of 10" CFU/ml.

Experimental design

At day 1, broilers were randomly divided into four groups of 30 chickens each.
Each group was housed in a separate isolator. At 27 days of age all groups were
inoculated oculo-nasally (one droplet of 0.05 ml per bird in each eye and nostril)
and intra-tracheally (1 ml per bird): groups 1 and 2 received distilled water, group
3 received IBV H120 vaccine and group 4 IBV strain M41. At 32 days of age,
groups 2, 3 and 4 were intra-tracheally inoculated with 1 ml £. coli culture per bird.
Group 1 received 1 ml PBS-diluted glucose broth intra-tracheally per bird.

For convenience, we refer to group 1 (distilled water and PBS broth) as PBS
group, group 2 (distilled water and E. coli broth) as the E. coli group, group 3 (IBV
H120 vaccine and E. coli broth) as the H120 group, and group 4 (IBV strain
M41land E. coli broth) as M41 group.

Clinical and post mortem examination

Clinical signs of IBV infection were recorded 1, 2, 4 and 5 days after IBV
inoculation and after E. coli inoculation and just before euthanizing. A bird was
recorded as having signs of IBV infection if mucous nasal discharge was observed
after mild pressure on the nostrils (Matthijs et al., 2003).

From each group, 5 broilers were electrocuted and bled at 0.5 hour, 3 hours, and
at days 1, 2, 4 and 7 after E. coli inoculation (hpi/dpi). At each time point,
colibacillosis lesions were scored macroscopically. Lesion scoring was performed
as described by Van Eck and Goren (1991) in the left and right thoracic airsac,
pericardium and liver. Lesion scores ranged from 0 to 3 per organ, leading to a
maximum score of 12 per bird (Van Eck and Goren, 1991).
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Immunocytochemical staining

After post-mortem examination, trachea, left lung and both thoracic airsacs were
collected and snap-frozen in liquid nitrogen for immunocytological examination.
Samples for immunocytological staining were taken from the middle of trachea, in
the area of the entrance of the mediodorsal secondary bronchi in the lung and of
both thoracic airsacs in total. Cryostat sections (6 pum) were transferred to
Superfrost Plus slides (Menzel-Glaser) and stored over silicagel for at least 24 h
before use. Slides were fixed in pure acetone, air-dried and incubated with mAbs in
appropriate concentrations for 1 h; mouse anti-chicken CD4, CDS§p, y3-TCR, af1-
TCR and KUL-01 (Southern Biotechnology, Birmingham, USA). All mAbs were
diluted in PBS containing 1% BSA (Sigma) and 0.1% sodium azide (PBS/BSA).
Slides were washed in PBS and incubated for 1 h with biotinylated horse anti-
mouse IgG (Vectastain®). Slides were washed with PBS and incubated for 1 h with
avidin: biotinylated enzyme complex (Vectastain® Elite ABC kit) diluted in PBS.
Then the slides were incubated with 1 mg 3, 3-diaminobenzidine-
tetrahydrochloride (DAB, Sigma, USA) per ml Tris-HCI buffer (0.05 M, pH 7.6)
containing 0.06% H,0..

To ensure no over-or under staining, slides were monitored during the reaction
under the microscope. Slides were washed with PBS, counterstained with
haematoxylin and mounted in Glycergel mounting medium (Dako, USA). All
incubations were performed at room temperature in a humidified box. Control
slides were incubated as described above, except that mAbs were omitted.
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Immunocytological analysis of the tissue sections
Trachea

Three sections of the trachea per mAbs (CD4, CDS, y3-TCR, aff1-TCR and KUL-
01) were examined by light microscopy magnification. The score given per animal
was the cell count of the 3 trachea rings in total divided by three. Cell populations
were scored using the following system for CD4, CD8, KUL-01, y3-TCR and af1-
TCR cells: 0 = 0-3 cells, 1 = 4-10 cells, 2 = 11 cells or 1 cluster of cells, 3 =
multiple clusters. A cluster is a group of tens of cells located close together.

Left Lung

Of each left lung and for each mAbs (CD4, CD8, y6-TCR, af1-TCR and KUL-01)
three parabronchi in the proximity of the Bronchial Associated Lymphoid Tissue
(BALT), but not next to the BALT, were analysed. This area was chosen to
examine the same well-defined area in every lung consistently. The score given per
animal was the total cell count of three parabronchi divided by three. Cell
populations were scored using the following system for CD4: 1 = 0-20 cells, 2 =
more than 20 cells and/or 1 cluster, 3 = multiple cell clusters; for CDS: 1 = 0-10
cells, 2 = 11-20 cells, 3 = more than 20 cells; for KUL-01: 1 = 20-50 cells, 2 = 51-
200 cells, 3 = more than 200 cells; for y6-TCR and af1-TCR: 1 = less than 10
cells, 2 = 11-40 cells, 3 = more than 40 cells.

Left en right thoracic airsacs
Because of lack of a well-defined morphological unit in the airsacs the complete
section of the airsacs was examined. Four levels of relative cell density were
distinguished for all cell subpopulations: 0 = no cell influx, 1 = few scattered cells
throughout the stroma, 2 = many cells scattered throughout the stroma, 3 =
complete cell infiltration of the stroma of the airsac wall.

Detection of IBV and E. coli
Production of polyclonal antibodies against E. coli 506
The bacterial inocula were prepared by submersing one frozen bead (-70 °C) of a
batch containing the E. coli 506 strain in trypton soya broth and by subsequent
incubation for 20 h at 37 °C. The bacteria were washed with PBS and killed with
methanol during 5 min. The solution was centrifuged 10 min. at 1500g and the
bacteria were washed twice with PBS and dissolved in 10 mg DDA (dimethyl
dioctadecylammonium bromide)/ml PBS. Two rabbits were injected 3 times, 21
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days between each injection, subcutaneous with 1.5 ml of the PBS/DDA solution
containing 10° E. coli bacteria per ml. Pre-immune and immune sera were tested
for specific antibodies against E. coli 506 on dot blot, paraffin and cryostat
sections. Both live and fixed bacteria were recognized.

Tissue staining procedure for IBV and E. coli

Trachea and lung were collected in 10% buffered formalin, fixed for 24 h and
processed to paraffin. Sections were cut 5 um thick, deparaffinised and placed in
pure methanol with 0.75% H,0O, for 30 minutes to remove endogenous peroxidase
activity. Sections were incubated with rabbit serum specific for E. coli (E. coli 506)
or with mouse sera with mAbs 48.4 against IBV nucleoprotein (Koch et al., 1990)
for 1 h. After washing in PBS, the slides were co-incubated for 1 h with rabbit anti-
mouse serum (Dako, Denmark) or goat anti-rabbit serum (Dako, Denmark)
conjugated to horseradish peroxidase. The slides were washed and stained with 0.5
mg 3, 3-diaminobenzidine-tetrahydrochloride (DAB, Sigma USA) per ml Tris-HCI
buffer (0.05 M, pH 7.6) containing 0.03% H,0O,.

For IBV and E. coli staining in the airsac, cryostat sections (6 um thick) were
made from both thoracic airsacs in total. The procedure was the same as used in the
immunohistochemical staining. The complete section of each organ was examined
for general pathology and the location of both pathogens. The number of E. coli
bacteria in different parts of the respiratory tract were recorded and classified. Four
classes were distinguished: 0, 1, 2, and 3. For trachea and bronchi, the following
classes were distinguished: in class 0 no bacteria were found; in class 1 1-5
bacteria; in class 2 6-10, and in class 3 more than 10 bacteria were counted. For the
air sacs the classes were: class 0 when no bacteria were found; class 1 for 1-20
bacteria; class 2 20-100 bacteria and class 3 when more than 100 were counted.

Statistical analysis
Between-group differences per time point were non-parametrically analyzed for
mean lesion score (MLS) using the Mann-Whitney test. Nasal discharge,
airsacculitis and pericarditis/perihepatitis per time point were non-parametrically
analyzed between groups with Fischer Exact Test with Bonferroni correction.
Lymphocyte subpopulations were analyzed with Fischer Exact Test with the
Bonferroni correction.

Examination of birds has not taken place for all organs at the same time points.
For the statistical analysis of the airsac all time points were used, but for the other
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organs the time points of 0.5 and 3 hpi are missing. Both airsacs were examined
separately. The classification of birds with respect to the number of E. coli was
87% identical; in 6% of the birds a difference of one class was found. Therefore
only the right airsac was analysed statistically. Because of the small number of
birds per group and time point, no distinction was made between the various
classes for number of E. coli found. So, for the statistical analysis the result per
bird was recorded as ‘with (at least one) E. coli’ or ‘no E. coli‘ found (Table 3).

A generalized linear model was performed on the number of birds without or
with E. coli with a poisson distribution. The explanatory variables were treatment
group (E. coli, H120 or M41), time and class (with / without) of E. coli. The
interaction between time and class and group and class represent the relation
between the distributions of the number of birds in the classes with E. coli. The
best model was based on the (lowest) Akaike’s Information Criterion (R
development core team, 2007; Pawitan, 2001) but the larger model should have at
least a difference of two in AIC to be selected as the best model. For the
generalized linear model the statistical program R version 2.5.1 (R Development
Core Team, 2007) was used.

Results

After inoculation with IBV, the birds were clinically examined, and mucous nasal
discharge was observed from 2 to 9 days p.i. (Table 1). After inoculation with E.
coli, the birds were examined for clinical signs of colibacillosis, and post mortem
examination was performed to quantify colibacillosis lesions. The number of birds
with airsacculitis, perihepatitis and/or pericarditis and mean lesion score
(macroscopical lesions) are presented in Table 2.

Trachea
Location of pathogens

H120 virus was detected for 4 days after . coli inoculation in 15 broilers, and M41
virus was detected for 2 days in 6 broilers. Virus was found in the columnar
ciliated cells, and in the lamina propria. E. coli bacteria were not found either
attached to the epithelium or in the underlying tissue of the trachea (Table 3). No
time effect was found in number of birds with E. coli. In birds in the H120 group,
E. coli was more often found than in birds of the E. coli group and the M41 group.
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No difference was found in number of birds with E. coli between the E. coli and
M41 groups.

Table 1. Number of broilers with mucous nasal discharge at different time points
after inoculation with Infectious Bronchitis Virus (IBV) vaccine H120 (group:
H120) or virulent IBV strain M41 (group: M41) at 27 days of age. All birds except
those in the PBS group were inoculated with E. coli at 32 days of age.

Days after IBV inoculation

Group 1 2 4 5% 6 7 9 12

PBS® 0/30% 0730 o0/30*  0/30%  0/5° 0/5* 0/54 0/5*
E. coli*® 0/30%  0/30* 0730 0/30%  0/5° 0/5* 0/54 0/5*
H120 0/30% 1/30%  2/30*  3/30%  1/5% 2/54 3/54 0/5*
M41 0/30%  15/30%  28/30° 30/30®  3/5% 3/54 /54 0/5*

ABGroups with different letters within a column are significantly different (P<0.05).

$Broilers inoculated at 27 days of age with distilled water and at 32 days of age with PBS broth.
$$Broilers inoculated at 27 days of age with distilled water and at 32 days of age with E. coli broth.
*Day of inoculation with E. coli.

Immunocytological changes

In the PBS and the E. coli group no influx of lymphocytes was found. The few
lymphoid cells found in the lamina propria were CD4+ cells and macrophages. In
contrast, in the H120 and the M41 group massive lymphocyte infiltrations were
found at all time points after £. coli challenge. These infiltrates consisted of CD4+
and CD8+ lymphocytes, and macrophages (Figure 1A). The CD4+ cells expressed
the apl-TCR+, whereas the CD8+ cells expressed either the yd-TCR+ or afl-
TCR+. No significant differences in number of CD4+ and CD8+ cells were found
between the H120 and the M41 groups. From 2 dpi onwards the expression of the
T cell receptors, both y5-TCR and aff1-TCR, reduced drastically. The expression of
CD4 and CDS8 in tissues of birds in these groups remained high (data not shown).
All cell subpopulations were found scattered throughout the tissue, but CD4+ and
CD8+ cells were also found in clusters. The CD8+ cells were found around B cell
follicles, and CD4+ cells were located within B cell follicles.
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Table 2. Macroscopical colibacillosis lesions: number of broilers with airsacculitis
and/or pericarditis/perihepatitis and the mean lesion score (MLS + SD). At each
timepoint and within each group five birds were analysed. Birds were inoculated
with Infectious Bronchitis Virus (IBV) vaccine H120 (group: H120) or virulent
IBV M41 (group: M41) at 27 days of age. All birds except those in the PBS group
were inoculated with E. coli at 32 days of age.

Time after E. coli 506 strain inoculation

Broilers

with Group 0.5h 3h 1d 2d 4d 7d
Airsacculitis  PBS® 0% 0* 0* 0* 0 0"
E. coli*® 0* 0t 58 248 3AB 0"
H120 4hB 58 58 58 58 58
M41 58 58 58 448 58 58
Perihepatitis PBS® 0” 0” 0” 0” 0” 0*
and/or E. coli® 0" 0" I 0" 24 0"
Pericarditis ~ H120 0" 0" 0" 0" 24 14
M4l 04 04 0t 0t 34 24
MLS PBS* 0.0£0.0*  0.0£0.0%  0.0£0.0* 0.0£0.0* 0.0£0.0* 0.0£0.0*

E.coli®®  0.0£0.0" 0.0+0.0% 1.6£1.6° 1.6422%8 34234 0.0+0.0%
H120 0.4+02% 0.5+£0.0% 24+1.58 34+19% 6.6+3.58 50+4.18

M4l 0.5£0.0*  0.5£0.0 3.4+09% 2.0+1.9% 64+2.5% 45+3.0%

ABGroups with different letters within a column are significantly different (P<0.05).
SBroilers inoculated at 27 days of age with distilled water and at 32 days of age with PBS broth.
$SBroilers inoculated at 27 days of age with distilled water and at 32 days of age with E. coli broth.
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Table 3. Number of birds with or without E. coli bacteria in different parts of the
respiratory tract detected by immunostaining. Birds were inoculated with IBV
vaccine H120 (group: H120) or virulent IBV strain M41 (group: M41) at 27 days
of age. All birds except those in the PBS group were inoculated with E. coli at 32
days of age. At each time point and within each group five birds were analysed.

Time after E. coli infection

Tissue Group 0.5h 3h 1d 2d 4d 7d
Right airsac PBS 0/5* 0/5 0/5 0/5 0/5 0/5
E. coli 2/3 2/3 32 2/3 2/3 0/5
H120 2/3 1/4 1/4 1/4 0/5 0/5
M41 1/4 1/4 1/4 1/4 0/5 0/5
Trachea PBS n.d. n.d. 0/5 0/5 0/5 0/5
E. coli n.d. n.d. 1/4 0/5 0/5 0/5
H120 n.d. 1/4 173 2/2 1/4 0/5
M41 n.d. 1/4 1/4 0/5 0/4 0/5
Parabronchi PBS n.d. n.d. 0/5 0/5 0/5 0/5
E. coli n.d. n.d. 5/0 5/0 4/1 2/3
H120 n.d. 32 2/3 4/1 5/0 2/3
M41 n.d. 4/1 3/1 3/1 2/2 2/3
Bronchi PBS n.d. n.d. 0/5 0/5 0/5 0/5
E. coli n.d. n.d. 5/0 4/1 173 0/5
H120 n.d. 4/1 1/3 2/2 2/3 0/5
M41 n.d. 32 2/2 0/5 173 0/4

$5/0 : the number of birds with at least one E. coli detected / the number of birds without E. coli in
that part of the respiratory tract.
n.d. = not determined; samples were missing
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Figure 1 Number of CD4+, CD8+ and KUL-01+ cells in different parts of the respiratory tract of
broilers inoculated with IBV vaccine H120 (group: H120) or virulent IBV strain M41 (group: M41).
All birds except those in the PBS group were inoculated with E. coli at day 5 after IBV inoculation.
At each time point and within each group five birds were analysed. Black bars: PBS group; hatched
bars: E. coli group; grey bars: H120 group; dark bars: M41 group.

A: trachea: Mean cell count per three trachea rings. CD4+, CD8+, KUL-01+ cells: 0: 0-3 cells, 1: 4-
10 cells, 2: 11 cells or 1 cluster of cells, 3: more than 1 cell cluster. A cluster is a group of tens of
cells located close together.

B: lungs: Mean cell count per three parabronchi. CD4+ cells: 1: 0-20 cells, 2: more than 20 cells and
1 cluster, 3: multiple cell clusters, for CD8+ cells: 1: 0-10 cells, 2: 11-20 cells, 3: more than 20 cells,
for KUL-01: 1: 20-50, 2: 51-200, 3: more than 200 cells.

C: airsacs: The complete section of the airsac was examined. CD4, CD§, KUL-01: 0 = no cell influx,
1 = few scattered cells throughout stroma, 2 = many cells scattered throughout stroma, 3 = massive
cell infiltration of stroma of airsac wall.

Lung

Location of pathogens
IBV (H120 and M41) was found in the columnar ciliated cells of the epithelium in
the bronchi, but not in the parabronchus. E. coli was found as free bacteria and
agglomerates in the capillary area, atria, and pus within parabronchial and
bronchial lumina (Table 3). At 2 dpi and 4 dpi E. coli was mainly found as small
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agglomerates in the capillary part and lumen of the parabronchus. The presence of
bacteria was accompanied by inflammatory changes of the parabronchi (data not
shown). In both the parabronchi and secondary bronchi no time or group effect was
found in the number of broilers with E. coli.

Immunocytological changes
The number of affected parabronchi and the severity of affection of parabronchi are
presented in Table 4.

Table 4. Percentage of damaged parabronchi in broilers inoculated with IBV
vaccine H120 (group: H120) or virulent IBV strain M41 (group: M41) at 27 days
of age. All birds except those in the PBS group were inoculated with E. coli at 32
days of age. At each timepoint and within each group five birds were analysed.
Percentage of damaged parabronchi per field section: -: 0%, +/-: 0-10%, +: 10-
30%, ++: more than 30%. Severity of damage of the parabronchi: -: no changes, +/-
: minor cell infiltration/oedema in part of parabronchus, +: generalized cell
infiltration in whole parabronchus, ++: massive cell infiltration and/or necrosis in
parabronchus.

Damaged parabronchi Severity of damage

Time after E. coli inoculation

Group 3h 1d 2d 4d 7d 3h 1d 2d 4d 7d
PBS* nd% - - - - n.d. - - - -

E. coli® nd.  H + + +- nd.  ++ + +- H-
H120 + + + + +/- +/- +/- +/- +/- +/-
M41 + ++ + +/- +/- +/- + +/- +/- +/-

$ Broilers inoculated at 27 days of age with distilled water and at 32 days of age with PBS broth.
58 Broilers inoculated at 27 days of age with distilled water and at 32 days of age with E. coli broth.
5%51.d. = not determined.

At 0.5 hpi many CD4+ cells and macrophages were present in lungs of IBV

infected birds. At that time no difference in number of CD8+ cells was found
between the different groups (Figure 1B). From 1 to 7 d after E. coli infection, an
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increase in CD8+ cells was detected in the M41 group and at 4 and 7 dpi in the
H120 group. The numbers of CD4+, CD8+ and KUL-01+ cells in H120 and M41
groups significantly exceeded the numbers of these cells in the E. coli group.

In H120 and M41 groups many macrophages were present until 4 dpi. In the F.
coli group, the number of macrophages increased after inoculation, but did not
equal the levels in the H120 and M41 groups. At 7 dpi the number of macrophages
was decreased in the E. coli and M41 groups to the level found in the PBS group,
but it remained high in the H120 group. Up to 2 dpi most macrophages were
elongated, whereas from 4 dpi most macrophages were enlarged and rounded up
suggesting activation of these cells.

No significant differences in the number of y3-TCR+ cells in the lung were found
between the four groups. In the H120 and M41 groups, the number of af1-TCR+
cells increased 4 dpi coinciding with the increase of CD8+ cells (TCR data not
shown; Figure 1B). No significant difference between H120 and M41 groups were
found in numbers of CD4+, CD8+, KUL-01+, y3-TCR+ and af31-TCR+ cells.

Airsac
Location of pathogens

IBV was found in the columnar ciliated cells of respiratory epithelium in the
airsacs of birds in the H120 and M41 groups; H120 virus was detected for 2 days
after E. coli inoculation in 14 birds, and M41 virus was detected for 3 hours after
E. coli inoculation in 9 birds. E. coli was found predominantly in pus located at the
respiratory surface in the airsacs. For the right airsac no group effect was found on
number of birds with E. coli (Table 3).

Immunocytological changes
In the PBS and E. coli groups only few CD4+ cells were observed. In contrast,
massive infiltrations of CD4+ and CD8+ lymphocytes were found in birds in the
H120 and M41 groups from 0.5 hpi till 7 dpi (Figure 1C). Macrophages were
present in H120 and M41 groups at 0.5 hpi, and their number remained high up to
7 dpi (Figure 1C). In the PBS and E. coli groups, few macrophages were present at
0.5 hpi. Only in the E. coli group a substantial increase was found which was
highest at 4 dpi. Nevertheless, the number of macrophages in this group remained
lower than the number of macrophages in the H120 and M41 groups. Seven dpi the
number of macrophages in the E. coli group decreased to a level comparable to the
level of the birds in the PBS group (Figure 1C). The numbers of CD4+, CD8+ and
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KUL-01+ cells in H120 and M41 groups exceeded significantly the numbers of
these cells in the E. coli group.

In the H120 and M41 groups the number of y3-TCR+ cells and aff1-TCR+ cells
was high from 0.5 hpi till the end of the experimental period. In the E. coli group
an increase of y8-TCR+ cells occurred from 0.5 hpi to 4 dpi, which was decreased
at 7 dpi. Few y3-TCR+ cells were found in the PBS group and hardly any of1-
TCR+ cells were found in the PBS and E. coli groups. No significant differences in
number of CD4+, CD8+, KUL-01+, y8-TCR+ and af1-TCR+ cells were detected
between the H120 and M41 groups.

Discussion

In this study the course of an E. coli infection after a previous infection with a
virulent (M41) or vaccine (H120) strain of IBV in trachea, lungs and airsacs of
broilers was examined. The aim of this study was to investigate two possible
mechanisms of enhanced susceptibility: tissue damage and alteration of the
immune response.

Despite significant differences in number of birds with nasal discharge 2 to 5
days after inoculation with either IBV strain, comparable clinical, macroscopical
and microscopical changes were observed after infection with E. coli in both
groups. Remarkably, 4 dpi mean lesion scores were comparable in both the E. coli
and IBV groups, whereas at 7 dpi birds in the E. coli group were fully recovered
but birds in both IBV groups still showed signs of colibacillosis. These findings
suggest that due to a previous infection with either IBV strain birds were less
capable of conquer the damage of the E. coli infection.

In the trachea, epithelial damage and mononuclear cell infiltration due to
infection with IBV was found, however no additional effect of the subsequent
infection with E. coli was noticed indicating that the apparent changes did not
result in predisposition of the trachea for bacterial superinfection. In the lungs of
both the E. coli group and the IBV groups acute purulent pneumonia of similar
severity was observed, suggesting no additional effect of IBV on acute pneumonia.
Moreover, the course of the disease in the lungs in both the E. coli group and the
IBV groups was similar and birds of these groups were nearly completely
recovered from pneumonia at 7 dpi. Although apoptosis of granulocytes and
subsequent leukopenia is described after viral infection (McCullers, 2006; Navarini
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et al., 2006) the massive granulocyte infiltration in the lungs and the presence of
pus in the airsacs in both E. coli and the IBV- E. coli infected birds did not clearly
suggest a reduction in the participation of granulocytes in the process. These
findings suggest that neither trachea nor lungs (as suggested by DeRosa et al.,
1992; Smith et al., 1985) were predilection sites for bacterial superinfection.
Lesions in the airsacs of both IBV groups were more pronounced and of longer
duration than in the E. coli group. In contrast to the lungs, the airsacs from IBV
infected birds were not recovered at 7 dpi whereas the airsacs of only E. coli
infected birds were. The airsacs were the only location where both pathogens were
found at the same time. Our results indicate that the difference in reaction upon
superinfection with E. coli in IBV infected broilers compared to an E. coli infection
without preceding virus infection is not caused by damage to the mucociliary
barrier facilitating bacterial adhesion or penetration or by reduced clearance of
bacteria.

The second hypothesis was that alteration of the immune response by a virus
infection could make birds more susceptible to subsequent bacterial infections. At
time of infection with E. coli, great numbers of CD4 cells, CD8 cells and
macrophages were found in trachea and airsacs of birds of the IBV groups, whereas
great numbers of CD4 cells and macrophages were found in the lung. The
pronounced presence of macrophages at time of challenge with E. coli most likely
increased the clearance of the bacteria, since fewer bacteria were found in lungs
and airsacs of IBV infected groups. This finding suggests a reduced susceptibility
for a superinfection with E. coli.

However, macrophages produce type I IFNs (IFN-o/B) after viral infection which
have potent effects on viral replication, including that of IBV, but these cytokines
can inhibit host defence against both Gram-positive and Gram-negative bacteria
such as Listeria monocytogenes (O'Connell et al, 2004), Mycobacterium
tuberculosis in the lungs (Manca et al, 1002), and Salmonella typhimurium
(Navarini et al., 2006), and possibly also against E. coli in broilers. The CD4 cells
and CDS cells also present in large numbers in IBV groups can produce type Il [FN
(IFN-y) which is known to have a protective role in both viral and bacterial
infections through the induction of a Thl cell immune response (Decker et al.,
2002). However, its role in the activation of macrophages and airway epithelial
cells can lead to an exaggerated inflammatory response (Konno et al., 2002). Both
T cells and macrophages present at time of E. coli inoculation might therefore be
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responsible for the enhanced colibacillosis, due to overproduction of inflammatory
cytokines.

In the airsacs, the numbers of macrophages remained high in the IBV groups,
whereas the number of macrophages in the E. coli group decreased at 7 dpi to the
level of the PBS group. Although both IBV and E. coli were cleared in all groups,
the macrophages were still present in the airsacs at 7 dpi in the IBV groups. It is
unclear whether the macrophages and T cells in the trachea, lungs and airsacs are
functionally altered by the IBV infection, but the clear difference in the presence of
these cells in IBV infected birds both at time of challenge and in the airsacs at 7 dpi
might suggests that an altered microenvironment resulted in altered immune
responses, as for example demonstrated in mice where lymphocytes were
detrimental during the early innate immune responses against Listeria
monocytogenes due to increased apoptosis inhibiting effector reactions (Carrero et
al., 2006). Both T cells and macrophages present at the time of E. coli inoculation
might therefore be responsible for the increase of both the severity and the duration
of the inflammatory reactions found in the airsacs in both IBV-E. coli infected
birds, due to overproduction of inflammatory cytokines, as demonstrated in a study
with turkeys (Rautenschlein et al., 1998)

Ariaans et al. (in press) found that the phagocytic capacity and NO production of
peripheral blood mononuclear cells and splenocytes was not affected by prior
exposure to IBV, but that the proinflammatory response in the spleen of IBV
infected birds seemed severely impaired compared to the only E. coli infected
birds, and suggested that the virus modulated the innate immunity of the birds. Our
study only showed immunocytological changes, as no functional study was
performed.

In this study, only a limited number of samples were examined. However, the
samples were considered representative, because they were taken in a uniform and
reproducible manner and the lesions within each compartment were distributed
evenly.

It is concluded that a preceding infection of the respiratory tract with IBV does
not predispose for bacterial superinfection with E. coli by altering the mucociliary
barrier but likely modulates the immune response.
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