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Infectious bronchitis: 80 years of control 
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Infektiöse Bronchitis: 80 Jahre Bekämpfungsanstrengungen 
zur Kontrolle einer Coronavirus-Infektion beim Geflügel

Silke Rautenschlein1, Hans-Christian Philipp2

Summary Infectious bronchitis (IB) is the most important Coronavirus infection in poultry. 
The IB virus (IBV) spreads rapidly in the affected flocks, and although airborne-
spread is the principle route of transmission, contact also plays an important epi-
demiological role. This Gammacoronavirus infects susceptible chickens at all age 
groups. It affects not only the respiratory tract, but may also affect the urogenital 
and possibly to some extent the intestinal tract, depending on the strain char-
acteristics. Besides strict biosecurity measures, vaccination is the most important 
strategy to control clinical disease. Vaccines, mainly live attenuated vaccines, have 
been used for almost 80 years. The high mutation and recombination rates and 
the frequent emergence of new virus variants in association with poor cross-pro-
tection, provide a continuous pressure to develop new vaccine candidates and 
strategies. Therefore, IB is a disease chickens will continue to be challenged with, 
and eradiation seems to be unrealistic at this point. The availability of advanced 
molecular techniques is currently opening up new opportunities to develop new 
generation vaccines and respond to newly emerging strains more quickly com-
pared to traditional approaches. It is important that these new vaccine candidates 
stimulate the necessary immune mechanisms to provide protection at the main 
virus entrance site, the respiratory tract. Therefore, they should induce mucosal 
immunity including humoral as well as cell mediated reactions. The practicability 
for mass vaccination has to be ensured to be able to use these new vaccines in 
poultry production.
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Zusammenfassung Die Infektiöse Bronchitis (IB) ist die bedeutsamste Coronavirus-Erkrankung beim 
Nutzgeflügel. Das Virus der Infektiösen Bronchitis (IBV) breitet sich schnell in den 
betroffenen Beständen aus. Die Übertragung erfolgt insbesondere luftgetragen, 
aber auch Kontaktinfektionen spielen eine wichtige epidemiologische Rolle. 
Dieses Gamma-Coronavirus infiziert empfängliche Hühner aller Altersstufen und 
führt nicht nur zu Atemwegssymptomen, sondern kann auch, je nach Viruseigen-
schaften, zur Erkrankung des Urogenitaltrakts und bei einigen Stämmen auch des 
Darmtrakts führen. Neben strikten Biosicherheitsmaßnahmen stellen Impfungen 
die wichtigste Kontrollmöglichkeit der IB dar. Seit nahezu 80 Jahren werden Impf-
stoffe, insbesondere Lebendimpfstoffe, zur Kontrolle der IB eingesetzt. Jedoch 
führen die hohe Mutationsrate mit den daraus resultierenden neu entstehenden 
Virusvarianten sowie die meist schlechte Kreuzprotektion zu kontinuierlichen 
Herausforderungen und der wiederkehrenden Notwendigkeit, neue Impfstoffe zu 
entwickeln. Deshalb ist davon auszugehen, dass auch in Zukunft IB weiterhin eine 
gesundheitliche Herausforderung für unser Nutzgeflügel darstellen wird und eine 
Eradikation zu diesem Zeitpunkt unrealistisch erscheint. Die Möglichkeiten, auch 
molekularbiologische Techniken bei der Herstellung von Impfstoffkandidaten 
einzusetzen, werden es in Zukunft erlauben, neue Generationen von Impfstoffen 
gegen IB effektiv und vor allem schneller als mit den herkömmlichen Methoden 
zu entwickeln. Jedoch muss sichergestellt werden, dass diese Impfstoffe auch die 
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Introduction

Infectious bronchitis (IB) is one of the most important 
respiratory disease in chickens. The destruction of the 
mucosa after infection with infectious bronchitis virus 
(IBV) allows the invasion of secondary pathogens, exac-
erbating the disease. The causing agent is a member 
of the species avian Coronavirus, which belongs to the 
genus Gammacoronavirus and family of Coronaviridae. IB 
was first observed in 1930 in the USA (Schalk and Hawn 
1931) (Fig.  1). Today the virus is detected in almost all 
regions of the world (Bande et al. 2017). Some variants 
appear regionally restricted and only for a short time 
period, while others persist and spread (Legnardi et al. 
2020). IBV and other avian Coronaviruses similar to IBV 
including Coronaviruses of pheasants, turkeys, ducks, 
goose and pigeon may affect multiple bird species, 
including wild birds, which may contribute to the spread 
of the virus (Cavanagh 2005). The Turkey Coronavirus 
(TCoV) may also lead to significant economic losses in 
turkeys, but IBV is by far the most important avian Gam-
macoronavirus worldwide (Jackwood and de Wit 2020). 
In this short review, we will focus on IBV and its main 
host species, the chicken. In the context of the newly 
emerging COVID-19 we would like to present lessons to 
be learned from many years of IBV research, featuring a 
Coronavirus of chickens also causing respiratory disease. 
We will specifically emphasize on preventive measures, 
their limitations and challenges.

The genome of IBV encodes for four structural pro-
teins: spike (S), envelope (E), membrane (M), nucleocap-
sid (N), and several non-structural proteins (Jackwood 
and de Wit 2020). The spike protein is of specific interest 
for the virus-host interaction, as it forms projections 
on the virions. The S protein is post-translationally 
cleaved. The S1 unit contains hypervariable regions that 
play a role in the host receptor attachment, while the 
S2 unit is involved in membrane fusion and viral entry 
into the host cells. The S1 unit also provides conforma-
tional dependent virus-neutralizing epitopes (Cavanagh 
et al. 1998). IBV are traditionally grouped into sero-
types by neutralization assays (Cook et al. 1999), and 
newly emerging serotypes are referred to as “variants”. 
As also known for other coronaviruses, IBV shows high 
recombination rates, most frequently observed in the 
nonstructural proteins 2, 3 and 16 as well as in the 
spike glycoprotein (Thor et al. 2011). This is mediated 
by a copy-choice mechanism (Legnardi et al. 2020). 
Typical for IBV is a high mutation rate resulting from 
poor viral polymerase proofreading, again especially in 
the S1 spike protein region. This explains the frequent 
development of new serotypes or strains, eventually 
capable of crossing species barriers (Jackwood et al. 

notwendigen protektiven Immunmechanismen stimulieren, was bei IB insbeson-
dere die Stimulation der mukosalen Immunität an der Viruseintrittspforte, dem 
Respirationstrakt, unter Einschluss der humoralen und zellvermittelten Parameter 
bedeutet. Weiterhin ist es für das Nutzgeflügel wichtig, dass auch diese neuen 
Impfstoffe für die Applikation bei großen Beständen geeignet sind.

Schlüsselwörter: Huhn, Respirationserkrankung, Legeleistungsstörungen, Imp-
fung, Mutationen

2010). An average rate of 1.2  x 10–3 substitutions/site/year 
may occur in Coronaviruses (Hanada et al. 2004). Therefore, 
today sequencing of the S1 protein is frequently done to 
determine the genotype of the circulating IBVs. An amino 
acid similarity of greater than 90% is often associated with 
serological relatedness, but exceptions exist (Jackwood and 
de Wit 2020). Similarity based on the S1 protein sequence 
suggests cross-protection (de Wit et al. 2011). Based on the 
S1 gene phylogeny, Valastro et al. (2016) recently defined 
six genetic IBV types and 32 lineages worldwide, which can 
display different geographical distribution. The persistence 
and spread of new variants is suggested to be driven by 
environmental factors (Holmes 2009), including the micro-
environment in different host tissues (Gallardo et al. 2010; 
Tab. 1). The study by Xu et al. (2018) demonstrated nicely 
the fast evolution of IBV in the field and the emergence of 
new sublineages, recombinants and variants in addition to 
the appearance of vaccine-like viruses within a short time 
period of only two years.

IB – a disease with different faces

IBV is very contagious. While the airborne route is epide-
miologically most important, contact infections also occur. 
The infection spreads quickly within a group of chickens. 
Even vaccine strains may have an estimated reproduction 
ratio (R) of over 1, increasing the risk of vaccine virus spread 
between farms and the establishment of an endemic situ-
ation in a poultry population (Matthijs et al. 2008). There 
are only few indication of vertical transmission. The virus 
may be present on the egg-shell through shedding from 
the intestinal or urinary tract (Cook 1971, Cook et al. 2012, 
Jackwood and de Wit 2013). The highest virus concentra-
tion can be found in the trachea during the acute phase of 
infection. During the chronic stage, IBV may be detected in 
the intestinal tract, specifically in the caecal tonsils (de Wit 
2000). Possible long-term excretion supports transmission 
between flocks by farm workers, contaminated litter, and 
other carrier material (Jackwood and de Wit 2020).

Infections with IBV may lead to different clinical pictures 
in susceptible chickens. The virus stain influences the type 
of symptoms. Furthermore, the age and sex, as well as the 
immune status of the host may have an impact on the dis-
ease development. Most IBV strains cause clinical infections 
of the upper respiratory tract in chickens of any age. IBV 
infection is often followed by secondary bacterial and viral 
infections complicating the course of the disease (Dwars 
et al. 2009). The morbidity is usually high to very high. It 
reaches up to 100% within only a few days, with variable 
but mostly low mortality rates after mono-infection. Uro-
genital manifestations may also be observed, especially in 
very young birds without maternally derived antibodies. 
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This organ manifestation leads to considerable mortality 
and/or reduction in egg production in laying hens (Raj 
and Jones 1997). The so called “false layers” can be found 
in flocks starting the onset of lay, and are a result of neo-
natal infection of chickens with a serotype, against which 
no maternally derived immunity existed at the time of 
infection. Atresia of the oviduct is a result of the early IB 
infection, and becomes clinically apparent after sexual 
maturation of the pullet: the accumulation of albumen 
and retained ova lead to a massive swelling of the lower 
abdomen that manifests in a penguin-like posture of 
affected hens (Parent et al. 2020). 

The spike protein determines the tissue tropism of 
IBV (Wickramasinghe et al. 2014). While the cellular 
receptors for IBV are still not fully elucidated, functional 
and structural data on the receptor binding domain of 
the spike protein are available (Shang et al. 2018). In 
vitro binding assays using cell-expressed IBV spike pro-
tein were established to study the affinity of IBV spikes 
to different tissues. The description of an enterotropic 
IBV strain by Saiada et al. (2020) underpins that even 
genetically closely related IBV strains may have diverg-
ing tissue tropism, calling for additional research on IBV 
structural biology. In the same manner, the estimation of 
the virulence of a given IBV strain is not possible solely 
based on serotyping and genotyping results. Pathotyping 
requires experimental in vitro and in vivo assessment 
using susceptible chickens and cell or organ culture 
systems, respectively (de Wit et al. 2017, Raj and Jones 
1996).

Routine diagnostics 

Rapid nucleic acid detection methods, mostly reverse 
transcriptase PCR (RT-PCR), are routinely used these 
days, to monitor chicken flocks and confirm the clini-
cal suspicion of IB (Meir et al. 2010). Poultry veterinary 
services, which are offered on a regular basis to commer-
cial farms, also provide access to these rapid diagnostic 
technologies. 

The molecular techniques allow investigating infec-
tious disease outbreaks timely and efficiently, which is 
the foundation for the application of efficient disease 
control measures and is important to prevent addi-
tional health problems with economic losses associ-
ated with secondary infections. The factors leading to a 
fast evolution of modern molecular diagnostic tools in 
poultry production and their field application have been 
manifold. Oropharyngeal swabs, which are suitable for 
the diagnosis of respiratory infections, are easy to col-
lect, and can be pooled to reduce the cost of analysis 
(Zwaagstra et al. 1992). Molecular reagents, test kits, 
and laboratory hardware are now cost-effective and easy 
to handle. Samples can be stored and transported con-
veniently using FTA-cards, even allowing for safe and 
convenient international shipment (Manswr et al. 2018). 
If virus propagation is needed to be done (for example 
for the preparation of autogenous vaccines), cold chains 
have to be maintained for sample transport, as the virus 
is not very stable at higher temperatures (Jackwood and 
de Wit 2020).

A typical diagnostic approach to detect IB would 
start with the detection of the RNA of the causative 
agent using a species-specific RT-PCR, or a multiplex 
PCR approach focusing on IBV genotypes of particular 

relevance for the respective geographic region. Fur-
ther differentiation of positive findings is performed by 
sequencing (Jiang et al. 2017). Next generation sequenc-
ing (NGS) has some advantages over classical protocols, 
as it is an untargeted method and thus not limited to 
agents expected to be present in the sample. Further-
more, NGS can pick up virus subpopulations that remain 
undetected when classical sequencing methods are used 
(Tang et al. 2016). However, NGS has not become a rou-
tine method yet in veterinary diagnostics. 

While nucleic-acid detection based diagnostics allow 
for a quick overview on the prevalence of IBV in chicken 
flocks, virus isolation remains the key for a thorough 
understanding of IBV field strains, and is necessary 
to determine their potential role in emerging diseases 
through pathotyping. As IBV field isolates cannot be cul-
tured on standard laboratory cell lines, the procedure is 
tedious and expensive. A current example for a full-scale 
examination of emerging IBV in a specific geographic is 
given by Ren et al. (2020). The authors studied field iso-
lates from relevant cases in vivo and in vitro, and identi-
fied virus strains that differ in virulence and antigenicity 
while appearing similar genetically.

Control strategies

General biosecurity measures including proper clean-
ing and disinfection are important to reduce the IBV 
field pressure. As IBV is an enveloped virus, most com-
mon disinfectants, which are used in poultry houses, 
inactivate the virus (Jackwood and de Wit 2020). Due 
to the fact of IBV being easily transmissible and widely 
distributed, in many countries immunization of com-
mercial poultry is necessary to prevent clinical disease 
and production impairment. Depending on the vaccine 
type, immunization takes place by different routes: eye 
drop, course spray, drinking water, and aerosol (De Wit 
et al. 2010). Spray vaccination is the most common way, 
and may already take place in the hatchery. An early IB-
vaccination at one day of age seems to induce efficient 
immune responses. This method is easy to standardize in 
the hatchery, reaches a high coverage rate and induces 
very early immune responses helping to overcome the 
persistent field pressure (Jackwood et al. 2020, Legnardi 
et al. 2020). On the other hand, recent studies suggested 
that birds at seven days of age mount a better local 
humoral and cell-mediated immunity after vaccination 
with some IB-vaccine strains compared to one-day old 
chicks (Zegpi et al. 2020a). IB-vaccination also may be 
combined with vaccines against other pathogens.

Maternal antibodies hardly interfere with challenge 
virus infection (Hofstad and Kenzy 1950) or vaccine 
take. This supports the fact that circulating antibodies 
do not play a major role in IB control. While the absence 
of detectable circulating antibodies after IBV vaccina-
tion was not associated with lack of protection (Chubb 
1974), high levels of circulating antibodies did not always 
provide sufficient protection against challenge (Pensaert 
and Lambrechts 1994). 

Overall, local innate, cellular, and humoral responses 
are most important in IB-protection (Chhabra et al. 
2015a, b). Besides the role of local humoral immunity 
for virus control, specifically IgA in lacrimal fluid and 
trachea, also cell-mediated immune mechanisms seem 
to contribute to the initial elimination of the virus from 
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the lung and kidney. Experimental studies provided evi-
dence that cytotoxic T lymphocytes protect the respira-
tory tract from acute infection (Collisson et al. 2000, Seo 
et al. 2000). 

IBV-induced innate immune responses vary signifi-
cantly between chicken genotypes, which may associ-
ate with the Major Histocompatibility Complex. While 
the susceptible genotype mounted a detrimental local 
inflammatory response in the trachea within the early 
hours post inoculation, the more resistant birds showed 
a lower baseline cytokine expression and subsequently 
tissue lesions were less pronounced after IBV-challenge 
(da Silva et al. 2020). This difference in innate immune 
response did not seem to be related to the magnitude 
and quality of the adaptive immune response (da Silva 
et al. 2020).

The experimental use of a live IBV vaccine demon-
strated a significant reduction of the challenge virus 
transmission rate from an estimated R > 19 to an esti-
mated R = 0.69 (de Wit et al. 1998). Similar observations 
were also made by Matthijs et al. (2008), confirming 
the reduction of the R value below 1 in vaccinated 
birds challenged with a more virulent virus of the same 
serotype. Besides classical attenuated live also inacti-
vated vaccines (usually oil-adjuvanted) are licensed on 
the international market. The first IBV live “vaccination 
approach” was reported in the 1940th (van Roeckel et al. 
1942) (Fig. 1). Live vaccines are normally used in meat 
type birds, and to prime layer as well as breeder pullets. 
Booster vaccination in breeder and layer flocks includes 
the use of inactivated vaccines that are administered 
before lay. These inactivated vaccines induce significant 
humoral immunity, which in this case protects against 
IBV-induced egg-quality changes and kidney lesions. 
Unfortunately, inactivated vaccines do not induce pro-
tection of the respiratory tract, and furthermore, the 
overall protection at the local epithelial target tissue sites 
is only of short duration (Cook et al. 1986). Therefore, 
chickens, especially layers and breeders in regions with 
a high infectious pressure, are continuously boostered 
with live vaccines, to maintain local protection in the 
respiratory tract, which is the site of virus entry. 

Already early in the 1950th it was clear that various 
serotypes and antigen variants circulate and continue 
to emerge in the field, and vaccines derived from other 
strains with different antigenic properties may only pro-
vide poor or no protection (de Wit et al. 2011, Jordan 
2017, Jungherr et al. 1956). It was deemed unrealistic 
and inefficient to develop homologous vaccines against 
a plethora of IBV serotypes. Systematic cross protection 
studies in animals demonstrated the efficacy of certain 
vaccines and combinations thereof against challenge 
infection with IBV variants, leading to the concept of 
“protectotypes” and “protectotyping” (Bande et al. 2015, 
Cook et al. 1999). To date, protectoyping is used to iden-
tify the “best fit” vaccination program for a given IBV 
field situation based on the existing vaccines, rather than 
directly committing to the development of a new prod-
uct (de Wit et al. 2017). 

The more diversified and heterogeneous immune 
response spectrum may have the advantage of interfer-
ing with the emergence of specific immunity escape 
mutants (Franzo et al. 2019). On the other hand though, 
this approach may pave the way for recombinations. 
Birds may be co-infected with different IB viruses at the 
same time including recombinants of vaccine-derived 
strains (Han et al. 2018).

At the moment there are about 12 inactivated vaccines 
licensed in Germany, which contain an IBV in combina-
tion with different other pathogens. The IBV component 
may consist of one IBV serotype or two antigenically 
different types (PEI 2020). In addition, about 15 live 
vaccines are on the market including at least one of the 
different IBV serotypes of importance in Europe such 
as Massachusetts type, 4/91, D276 or QX-like viruses 
(Bande et al. 2017).

Due to the high variability of field strains, licensed 
vaccines may not sufficiently protect against some newly 
emerging antigenic variants. As the development of new 
vaccines may take a few years from virus isolation up to 
the release of a licensed product, also autogenous vac-
cines are used. Normally these are inactivated vaccines, 
which reduce the risk of further spread of the newly 
emerging variant strains.

FIGURE 1: Time scale of achievements in IB research and control measures based on entries in Pubmed. 
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co-application of a Newcastle disease virus, an Avian 
Metapneumovirus and two live IBV vaccines to day-old 
commercial broiler chickens did not affect IBV-immu-
nity (Ball et al. 2019). 

Success story of prevention?

The first vaccinations against IBV were carried out as 
early as 1942 (Fig.  1), and are now common practice 
around the world for all kinds of chicken production. 
The emergence of new IBV serotypes regularly calls for 
the development of updated live vaccines, and there 
is no evidence for the eradication of IB from the field. 
Franzo et al. (2019) recently demonstrated and con-
firmed that the introduction of an IB vaccine belonging 
to a new serotype puts evolutionary pressure on the 
field virus population (Tab. 1). The authors could even 
identify epitopes in the IB spike protein that are par-
ticularly prone to changes when a homologous vaccine 
is present. In spite of the good clinical efficacy of IB 
vaccination against a homologous challenge, available 
vaccines can only reduce but not completely block viral 
shedding. Sterile immunity is not achievable, although 
vaccination may reduce viral shedding of homologous 
viruses by more than 1 log10 of excreted titer (Legnardi 
et al. 2020). Studies in the US furthermore indicate 
that mass vaccination additionally contributes to further 
spread of vaccine-like viruses, as new subpopulations 
may emerge (Toro et al. 2012b) (Tab.  1). Often insuf-
ficient vaccination technology leads to an initial infec-
tion of less than 60% of the vaccinated chickens. But 
the vaccine virus was shown to spread quickly to the 
other birds of the flock increasing the chance for rever-
sion to more virulence when bird-to-bird transmission 
takes place (Callison et al. 2006). In some field studies 
most positive IBV findings were related to vaccines, and 
only 17% were attributed to IBV field strains (Legnardi 
et al. 2019). Therefore, the success of an IB-vaccination 
strategy does not only depend on the vaccine virus or 
combination of vaccine viruses and proper vaccina-
tion technology, also monitoring and evaluation of the 
vaccination impact in the specific region in the face of 
the circulating IBV strains is important for the ongoing 
improvement of prophylactic strategies (Franzo et al. 
2016). 

Another factor limiting the success of current IB vac-
cination in the field is the circulation of many different 
serotypes in a certain region. Cross-protection between 
different serotypes is generally limited to low. Therefore, 
we can conclude from all the efforts to control IBV for 
over 80 years, that there is still much to be learned as 
we did not succeed in eradicating the virus yet. At the 
moment live vaccines seem to work best to control the 
clinical respiratory disease and reduce shedding as they 
induce the necessary local immune reactions. However, 
we know that this local immunity is of short duration 
making frequent booster vaccination necessary in the 
field. New diagnostic strategies allow rapid identifica-
tion of IBV and most importantly the identification of 
new genotypes, variants and recombinants by sequenc-
ing approaches. This in combination with the use of 
reverse genetic systems will allow the development of 
new generation vaccines, eventually targeted vaccines as 
future candidates for the induction of protection against 
newly evolving IBVs.

Advances in molecular biology allowed for the devel-
opment of reverse genetic systems for IBV (van Beurden 
et al. 2017; Fig.  1). This led together with the identifi-
cation of suitable vectors for recombinant vaccines and 
subunit vaccines, which are prepared on the basis of dif-
ferent spike protein ectodomains, to the development of 
new generation vaccines (Eldemery et al. 2017, Tarpey et 
al. 2007, Toro et al. 2014, Zegpi et al. 2020b). Also DNA 
vaccines encoding N or S1 genes have been tested, 
some of which showed better performance if cytokines 
or chemokines are encoded as well (Tang et al. 2008, 
Tian et al. 2008). Until now, none of these vaccine can-
didates are licensed, as they do not provide advantages 
over conventional live vaccines. Most of them show 
insufficient cross protection (Keep et al. 2020) and/or 
require individual bird vaccination, which is not feasible 
in the field. 

In addition to the properties of the vaccine, vaccina-
tion success largely depends on the quality of vaccine 
administration. de Wit et al. (2010) identified factors 
in association with the vaccine administration process 
that may influence the quality of the immune response 
after vaccination, including the genotype of the birds, 
age and time intervals between booster vaccinations. 
Evidence exists that good vaccination practice leads 
to better immunization results (de Wit et al. 2010). 
Co-infections with immunosuppressive pathogens (van 
Ginkel et al. 2008) or vaccination with additional vac-
cines against different pathogens may interfere with an 
appropriate immune response. On the other hand the 

TABLE 1: Factors influencing IBV evolution
Influencing factors Selected references

Virus Highly contagious Jackwood and de Wit 
2020

High mutation rate 
– Field virus
– Live vaccine virus (rever-
sion to virulence)

Jackwood et al. 2012

High recombination rate Zhao et al. 2016

High genetic diversity Jackwood et al. 2012

Poor cross protection Cavanagh 2007

Host Co-infecting pathogens Hassan et al. 2017

Immunosuppression van Ginkel et al. 2008

Genotype Cavanagh 2007

Tissue microenvironment Gallardo et al. 2010

Age Saiada et al. 2019

Immune response Toro et al. 2012a

Environment Large population size Jackwood et al. 2012

High density poultry 
flocks

Franzo et al. 2017
Guzman and Hidalgo 
2020

Air 
– Quality
– Humidity
– Movement

de Wit et al. 2010

Vaccination
– Practice
– Route
– Flock size
– Coverage

de Wit et al. 2010
Jackwood et al. 2009
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