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INFECTIOUS BURSAL DISEASE – A REVIEW
R.M.I.M. Rathnayake and A.W. Kalupahana*
Department of Veterinary Pathobiology, Faculty of Veterinary Medicine and Animal Science,
University of Peradeniya, Sri Lanka.

SUMMARY: Infectious bursal disease is a highly contagious disease that accounts for
signiﬁcant economic losses in the poultry industry around the globe including Sri Lanka.
The causative agent is Infectious Bursal Disease Virus (IBDV) in the genus Avibirnavirus of
the family Birnaviridae. Among the two major serotypes of IBDV, clinical disease in poultry
is caused by serotype 1, which is further classiﬁed into three pathotypes, classical virulent,
antigenic variant and very virulent. Young chicken of three to six weeks of age are more
susceptible for the disease and the clinical signs include exhaustion, prostration,
dehydration, watery diarrhoea and ruﬄed feathers. The virus causes severe damage to
lymphocytes in the Bursa of Fabricious of poultry. Consequent immunosuppression
increases the susceptibility of the aﬀected chicks to other diseases and cause
unresponsiveness to vaccines. In spite of the control measures taken, IBD continues to be a
major constraint in the poultry industry. This review extensively discusses the
characteristics of the virus, its genome and the functions of each virus coded protein,
circulating virus pathotypes and their emergence, host pathogen interactions, pathogenesis,
and pathology of the disease. Further, we have reviewed and summarized the current
information about the epidemiology of IBD in both local and global perspective, the
available diagnostic techniques, prevention and control strategies and the challenges
encountered in that process. Considering the enormous economic importance of IBD, this
review is aimed to beneﬁt the scientiﬁc fraternity, veterinary practitioners, veterinary
students, researchers and diagnosticians, which will in turn help in the better and eﬀective
management and ultimately control of this disease.

INTRODUCTION
Infectious bursal disease (IBD) is a highly
contagious immunosuppressive viral disease in
young chickens (Nascimento et al., 2017). It was ﬁrst
reported in 1962 in Gumboro, Delaware, United
States of America, hence named as Gumboro disease
(Cosgrove, 1962). By year 2000, IBD became a
massive problem to the global poultry industry (Van
den Berg et al., 2000). Currently, infectious bursal
disease virus (IBDV) continues as one of the major
constraints for poultry farmers in all poultry
producing regions of the world (Alkie and
Rautenschlein, 2016) and it is a listed avian disease
reported annually in the world animal health
information system (WAHIS) of the World
Organization of Animal Health (OIE).
The virus
Causative agent of Gumboro, IBDV belongs
to the genus Avibirnavirus of the family Birnaviridae
(Delmas et al., 2019). It is a naked (non-enveloped)
virus having a single capsid structure of icosahedral

symmetry with a diameter of 58-60 nm (Dobos et
al.,1979). The viral genome consists of two segments
of double stranded RNA named as segment A and
segment B (Müller et al., 1979). Segment A, the
larger of the two segments (~3.4 kb) contains two
partially overlapping open reading frames (ORFs).
The ﬁrst ORF encodes the nonstructural viral protein
VP5 (17 kDa) (Lejal et al., 2000). The larger second
ORF encodes a 110 kDa precursor polyprotein (PP),
which is subsequently cleaved into three mature
proteins VP2 (54.4 kDa), VP3 (32 kDa) and VP4 (28
kDa) (Birghan et al., 2000). Segment B, the smaller
of the two segments (~2.9 kb) codes for VP1 protein
(97 kDa) (Tacken et al., 2004). As a summery,
segment A of the genome encodes four proteins
(VP2, VP3, VP4, and VP5) while segment B encodes
VP1 (Ture et al.,1998).
Functions of virus coded proteins
VP1 is the RNA-dependent RNA
polymerase (RdRp) of IBDV (Tacken et al., 2004)
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that mediates viral RNA replication (Müller and
Nitschke, 1987).Virus proteins VP2 and VP3 are the
two major structural proteins (Birghan et al., 2000) of
the virus constituting 51% and 40% of the virion,
respectively (Dobos et al., 1979).The single shelled
capsid of IBDV is assembled by VP2 and VP3
proteins (Saugar et al., 2005). VP2 contains the major
antigenic sites (immuno dominant epitopes)
responsible for induction of a protective humoral
immune response through generating neutralizing
antibodies (Fahey et al., 1989). In addition, VP2 is an
apoptotic inducer (Qin and Zheng, 2017). VP3 acts as
a scaﬀold protein that binds both the viral doublestranded RNA and VP1 in viral morphogenesis
(Mertens et al., 2015). VP4 is a viral serine (S)
protease (Birghan et al., 2000) that works on
cleavage of the PP (Jagadish et al.,1988, Lejal et al.,
2000). Further, VP4 act as a suppressor of the innate
immunity (Qin and Zheng, 2017). VP5 is involved in
the dissemination of the virus from infected cells
(Lombardo et al., 2000). The PP is considered as the
m a i n m e d i a t o r o f I B D V- i n d u c e d
immunosuppression and pathogenicity (Peters et al.,
2004).
Virus serotypes and pathotypes

Two serotypes (serotype 1 and serotype 2) of
IBDV have been identiﬁed of which only the
serotype 1 is capable of causing clinical disease in
poultry (OIE 2016). The apathogenic serotype 2 has
been isolated from chickens and turkeys (Van den
Berg et al., 2000). Serotype 1 strains of IBDV are
further classiﬁed into 3 pathotypes (Van den Berg et
al., 2000), based on their virulence and pathogenicity
as classical virulent, antigenic variant and very
virulent (Ture et al.,1998). A recent global molecular
epidemiological study on IBDV isolated from four
continents revealed that 60% to 70% of circulating
IBDV isolates were very virulent (vv) strains (Alkie
and Rautenschlein, 2016).
Emergence of IBD pathotypes
Classical virulent strains of IBDV usually
cause 20-30% mortality mostly due to the
widespread bursal damage in infected poultry
(Lukert and Saif, 2003). Historically, classical
virulent strains were used as a source of
commercially available vaccines against IBDV
infections (Rosenberger et al., 1985). In early 1980s,
comparatively more virulent new antigenic variants
producing rapid bursal damage and about 50%
mortality emerged (Rosenberger et al., 1985). The
vaccines prepared from classical strains failed to

control the disease caused by these newly emerged
antigenically variant strains (Chettle et al., 1989).
However, the disease associated with IBDV was
generally of mild to moderate severity until the year
1986. The widespread use of live and inactivated
vaccines had proved eﬀective, up to that time, in
controlling the more serious manifestations of the
disease (Cullen, 1994). However, by 1986 very
severe outbreaks of IBD were reported from some
European countries that induced more pronounced
bursal lesion accompanied with very high (90%)
mortality (Chettle et al., 1989). The well tried
vaccines which had been eﬀective previously were
ineﬀective in controlling these infections (Cullen,
1994). This disease was attributed to very virulent
IBD (vvIBD) strains that are now accepted to have
emerged in the late 1980s (Chettle et al., 1989).
Extensive usage of live vaccines in the ﬁeld is
thought to favor the emergence of new strains of
IBDV that evaded vaccine-induced immunity. A high
genetic mutation rate is one of the key features of
RNA viruses (Withers et al., 2005) such as IBDVs. In
addition to the mutations in VP2 hyper variable
region of IBDV, genetic reassortment events and
homologous recombination within segments also
contribute to the variation of IBDV (Islam et
al.,2001, Wei et al., 2006, He et al., 2009, Jackwood,
2012). Further, some IBDV live vaccines maintain
quasispecies nature, which in the face of selection
pressure may favor the outgrowth of more virulent
antigenic variants or mutants in the viral population
(Jackwood and Sommer, 2002).
Host susceptibility

The domestic chickens are the only avian
species susceptible to the pathogenic serotype 1 virus
which causes clinical disease. Turkeys, ducks, guinea
fowls and ostriches may be naturally and
experimentally infected, however infections are
apathogenic (Sharma et al., 2000). The susceptibility
is age related. Young chicks of 3 to 6 weeks of age
undergoing maximal stage of bursal development
have greatest susceptibility for the serotype I virus
(Sharma et al., 2000, Mahgoub, 2012). The disease is
unusual in birds over 15 weeks of age (Cullen, 1994).
In the case of vvIBDV infection, the age
susceptibility is extended which covers the entire
growing period in broilers (Ingrao et al., 2013).
Transmission
Infected chickens excrete the IBDV in their
feaces contaminating the poultry house environment.
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The virus is resistant to many disinfectant and
environmental factors and remains infectious for at
least four months in the poultry house.
Contamination of a rearing site with the IBDV
enables signiﬁcant horizontal transmission between
ﬂocks via ingestion of feed and water contaminated
by the virus containing feaces (Alkie and
Rautenschlein, 2016). Therefore when the poultry
house becomes contaminated with IBDV, the disease
tends to repeat in subsequent ﬂocks. However, there
has been no reports of vertical transmission of IBDV
(Alkie and Rautenschlein, 2016). Indirect contact
with any animate or inanimate contaminated vectors
also transmit the disease (Howie and Thorsen, 1981).
There is no egg transmission but the virus can survive
on egg shell surface to serve as a surface contaminant
(McLachlan and Dubovi, 2001). Darkling beetles
and litter mites carry virus up to 8 weeks. Mosquitoes
are a possible mode of transmission as strains of
IBDV have been isolated from mosquitoes (Howie
and Thorsen, 1981).
Pathogenesis and pathology

Following oral inoculation, initial viral
replication occurs in gut-associated lymphoid cells.
The secondary viral replication that occurs in the
bursa of fabricius (BF) is responsible for high titer of
virus and mortality. Therefore, Kaufer and Weiss
(1980) showed that chickens can be protected from
IBDV by bursectomy. The BF is the central immune
organ responsible for the development and
maturation of B cells and the generation of diverse
antibody repertoire in young chickens (Nera et al.,
2015). IBDV aﬀects lymphoid organs, primarily BF
(Nascimento et al., 2017). The speciﬁc tropism of
IBDV to developing immature B lymphocytes in the
BF has been well-documented (Alkie and
Rautenschlein, 2016, Sharma et al., 2000).
IBDV infection of B lymphocytes is
cytolytic. That causes lymphocytic destruction in the
BF and to a lesser extent in other lymphoid organs
leading to direct immuno suppression. The massive
depletion of the precursors of antibody producing B
cells in the BF caused by IBDV-induced apoptosis is
the major reason to cause severe immunesuppression and atrophy of the primary immune
organ (Wang et al., 2010). The immune-suppression
is also partially due to the decreased phagocytotic
activity of monocytes/macrophages (Sharma et al.,
2000, Lam, 1998) and the diminished response to
mitogen activation of T cells (Rauw et al., 2007,
McNeilly et al., 1999).

The disease

IBD is a highly contagious, severe and acute
viral disease of young chickens around 3-6 weeks of
age characterized by enlargement and extensive
damages in the BF with high mortality (Eterradossi
and Saif, 2008). Infection in younger birds is usually
asymptomatic but causes permanent and severe
damage to BF. Since the majority of ﬁeld infections
are subclinical, it causes more economical damage to
the poultry industry due to resultant
immunosuppression (Veterinary Epidemiological
Bulletin Sri Lanka, 2013). The incubation period of
IBD is about two to three days (Ley et al.,1983). The
acute IBDV infection producing clinical
manifestations lasts for only 3 to 4 days (Withers et
al., 2005). IBD is clinically characterized by selfvent pecking, profuse watery yellowish-white
diarrhoea, tremor of the whole body, and
characteristic spiking curve of mortalities. It is
pathologically characterized by inﬂammatory
enlargement of BF followed by atrophy, edematous
to haemorrhagic BF, and ecchymotic haemorrhages
on the lateral aspect of the thigh and pectoral muscles.
The disease distribution
Since the ﬁrst discovery of classical IBDV
strains over 55 years ago (Cosgrove, 1962), IBD had
been reported in most parts of the USA by 1964
(Lasher and Davis, 1997). Subsequently, the IBDV
has spread throughout the world including Europe,
Asia, Africa, Middle East, Far East and Australia
(Van den Berg et al., 2000). In year 1992, 109 OIE
member countries reported the presence of IBD.
Since the initial discovery, complex evolution of the
IBDV has taken place (Alkie and Rautenschlein,
2016) and it is currently found in virtually all major
poultry producing areas of the world.
The ﬁrst outbreak of vvIBD virus was
reported in Europe in early 1990s (Brown et al.,
1994). According to an OIE survey done in 1990,
vvIBD was distributed in all regions except Asia and
Oceania. Since that time, there has been further
spread of vvIBD and it became a serious problem in
parts of Asia too (Cullen, 1994). Aricibasi et al.
(2010) reported that vvIBDV strains have spread all
over the world. Recent vvIBD pandemics across
Asia, Africa and South America have heavily
damaged the commercial poultry industry (Teshome
et al., 2015).
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IBD in Sri Lanka

The ﬁrst suspected occurrence of IBD in Sri
Lanka was reported in 1986 (Ranasinghe et al.,
1986). Even though the clinical, post mortem and
histopathological signs of the aﬀected broiler chicks
were strongly suggestive of the disease, it was not
conﬁrmed serologically in that particular ﬂock due to
previous immunization of the birds with IBD
vaccines (Ranasinghe et al., 1986). A seroepidemiological survey carried out in 1991 revealed
the presence of anti-IBD antibodies in chickens in 15
out of 17 districts surveyed (Wijewardena et al.,
1991). In 1995, a disease clinically resembling IBD
was reported in Vavuniya and the serological studies
had revealed that the birds had been exposed to
natural IBD infection (Sellasamy, 1996). Among
poultry diagnostic submissions to the Veterinary
Research Institute, Gannoruwa, 18.3% out of 455
cases were serologically positive for IBD in 2002
(Bandara et al.,2003) while 27.8% out of 489 cases
were serologically positive in 2003 (Kothalawala et
al., 2004). In another study, 182 serum samples out of
200 village chickens had antibodies against IBDV
(Jayasundara et al., 2010).

According to Sri Lanka Veterinary
Epidemiological Bulletin, IBD was reported
throughout the country with increasing incidence
until year 2014. In 2014, 96,771 IBD cases were
reported with 3,479 deaths. In comparison to year
2014, a noticeable decrease in the number of reported
IBD cases was observed in year 2015 (52,911 cases
with 1,788 deaths) and the majority of the reported
IBD cases were from North Western Province. More
recently, in year 2016 there were 248,403 cases with
3.87% fatality (Annual Report 2016, Department of
Animal Production and Health). In Year 2017, IBD
was observed in all districts of the country, reporting
163,713 cases with a 2.96% fatality rate (Annual
Report 2017, Department of Animal Production and
Health). In each year North Western was the
predominantly aﬀected province.
IBD diagnosis
Diagnosis of IBD takes in to account the
disease history of the aﬀected ﬂock, typical clinical
signs and necropsy lesions. During later stages of the
disease it is diﬃcult to conﬁrm a diagnosis of IBD by
examining only atrophied BF, as other diseases like
Marek's and mycotoxicosis result in similar lesions
(Veterinary Epidemiological Bulletin Sri Lanka,
2013). The diagnosis is therefore supported by

laboratory tests such as detection of viral antigen in
the BF using direct/indirect ﬂuorescent antibody test
(FAT) on sectioned tissues, immunoperoxidase
staining of BF, use of IBD speciﬁc DNA probes
32
labeled with P, biotin or digoxygenin, reverse
transcriptase PCR, agar gel precipitation test, virus
neutralization test, antigen capture ELISA methods,
direct detection of viral particles using electron
microscopy, or later in the disease the measurement
of speciﬁc antibody levels to demonstrate
seroconversion (Van den Berg et al., 2000). These
methods are also used to monitor ﬂock health and to
measure the immune response to IBD vaccination
(Cullen, 1994). The infection in chicks less than 3
weeks of age is usually subclinical due to the eﬀect of
maternal antibodies. Therefore diagnosis is made by
histopathology, serology or virus isolation by
inoculation of chorio-allantoic membrane of 9-11
day embryonated chicken eggs where the embryos
die within 3-5 days post inoculation producing
mottled liver and kidneys with congested lungs. In
addition IBDV can be isolated on cell cultures such as
chicken embryo ﬁbroblasts, chicken embryo bursa,
avian B lymphocytes, and other avian cell cultures
and/or mammalian cell lines by serial passages where
the virus produces plaques (Hossain et al.,2006).
Virus stability
IBDV is highly stable and persists in the
poultry house despite application of thorough
physical and chemical cleansing and disinfection
procedures (Lukert & Hitchner, 1984, Sharma et al.,
2000). The virus remains viable for at least 6 months
in dry litter and more than 1 year in unused dry
chicken houses (Edgar and Cho, 1976). Its
persistence in the environment, even after
disinfection, makes the eradication unrealistic in the
aﬀected countries (Van den Berg, 2000). Because of
the environmental stability of IBDV, its control
through sanitation and isolation alone is not practical
in commercial poultry production (Vakharia et
al.,1994).
IBD vaccines

Major types of vaccines available to control
IBD are, live attenuated vaccines, immune-complex
vaccines, live recombinant vectored vaccines
expressing IBDV antigens and inactivated oilemulsion adjuvant vaccines (Muller et al., 2012).
Live attenuated, recombinant or immune-complex
vaccines are used to achieve active immunization in
young chickens whereas, passive protection is
achieved by vaccinating the parents using a
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combination of live and killed vaccines. Classical
virulent strains are the basement of most
commercially available conventional live IBDV
vaccines (Mueller et al., 2012). These vaccines are
produced from virus strains that have been attenuated
by serial passages in embryonated chicken eggs. The
vaccine strains are classiﬁed as “mild”,
“intermediate” or “intermediate plus” (“hot”) based
on their increasing ability to overcome residual
maternally derived antibodies (MDA) and to
replicate and cause lymphocytic depletion in the BF
(OIE 2016, Van den Berg et al., 2000).
IBD vaccines available in Sri Lanka

Several commercial products of live
vaccines and inactivated vaccines have been
registered under the Veterinary Drug Control
Authority (VDCA) of Sri Lanka. As of January 2019,
there were 16 registered IBD vaccines, out of which 9
were live and 7 were killed vaccines. One was a mild
vaccine strain, 13 were intermediate strains and 2
were intermediate plus (hot) strains (personnel
communication with Registrar, VDCA). Vaccination
of commercial poultry is done using intermediate
strain vaccines. Intermediate plus vaccines are not
allowed to be registered in Sri Lanka for sale.
However, individual users can obtain a user permit
with the recommendation of Range Veterinary
Surgeon and the District Veterinary Investigation
Oﬃcer incase intermediate plus vaccines are to be
used. However, intermediate plus vaccines are
allowed to use in the subsequent batches following
conﬁrmation of IBD for 3 cycles (Veterinary
Epidemiological Bulletin Sri Lanka, 2013).
IBD control
Although identiﬁed more than 55 years ago,
IBDV continues to be a major threat to the global
commercial poultry industry (Muller et al., 2012).
The ﬁrst essential for control of IBD is to maintain
good hygiene and site security. This is especially
important when vvIBD is present, as there is a
relative deﬁciency of vaccine eﬃciency against the
virulent disease. A thorough well planned
disinfection procedure must be implemented in the
infected site with disinfectants like Iodine,
Peroxygen and Glutaraldehyde to prevent the
infection in subsequent batches. There should be an
adequate time between depletion and restocking of
the poultry houses. Ideally, minimum of 2 week
resting period for the poultry houses should be
maintained between successive poultry ﬂocks. All
infected litter and carcasses of infected birds must be

disposed properly away from the poultry operation
(Veterinary Epidemiological Bulletin Sri Lanka,
2013). The control of IBD through depopulation of
infected farms and disinfection of infected premises
was practiced for long period in some countries but
was considered ineﬀective and costly (Van den Berg
et al., 2000). However, the strict application of
biosecurity measures and thorough cleaning and
disinfection will play a critical role in reducing virus
pressure and preventing the emergence of new IBD
virus strains.
Vaccination has become the principle
method of controlling IBDV and its success depends
on the choice of vaccine strain, vaccination schedule,
and the circulating ﬁeld virus strains (Van den Berg,
2000). Conventional live attenuated IBDV vaccines
are suitable for mass vaccination and they have
induced robust immunity when applied in drinking
water (Van den Berg et al., 2000). The potential for
reversion to virulence (Yamaguchi et al., 2000),
residual immunosuppressive eﬀects (Rautenschlein
et al., 2005), as well as their role as genetic sources
for the generation of assorted new viruses (He et al.,
2014) are major safety concerns. Strict biosecurity
together with the use of conventional inactivated and
live vaccines had been a success story for controlling
IBD until the emergence of antigenic variants in early
1980s. These changes in the virus antigenicity and
virulence made the task of controlling IBD by
vaccination more challenging (Eterradossi et al.,
1992, Muller et al., 2012). In addition, vaccination
against the vvIBD strains encounters many
challenges as they can breakthrough protective
antibodies, and therefore require more eﬃcient
vaccination approaches (Khan, 2018).
Breeder vaccination program plays a crucial
role in preventing and controlling of IBD in
commercial birds. The main emphasis of vaccinating
parent stock is to obtain chicks with suﬃcient amount
of maternal antibodies to give protection against
IBDV in the ﬁrst 4 to 5 weeks of life (Kibenge et al.,
1988) in order to protect the chicks against
economically devastating subclinical infection. In
breeder vaccination programs, mild or intermediate
live vaccines are administered to produce a primary
response prior to the usage of inactivated vaccine
near to point of lay (Cullen, 1994, Skeeles et al.,
1979) to stimulate high and uniform levels of
antibodies in parent chickens, and subsequently in
their oﬀ-spring through maternal transfer of
antibodies (OIE, 2016).
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Vaccination of commercial ﬂocks against
IBDV prevents the clinical disease as active
immunity is achieved by administering live vaccines.
Intermediate types of vaccines are more commonly
used for commercial poultry in Sri Lanka. In some
instances intermediate plus (hot) vaccines are
administered to broiler chickens and commercial
layer replacements (OIE, 2016). Vaccinating chicks
with high maternal antibody levels may not develop
anticipated immunity due to vaccine virus
neutralization (Moraes et al., 2005) by maternal
antibodies, making the timing of vaccination very
crucial (Hsieh et al., 2010). Recombinant and
immune-complex vaccines can be administered even
in the presence of maternally derived antibodies, in
ovo at 18 days of incubation or to one day old chicks
(OIE, 2016).
Control of IBD depends upon an informed
assessment, leading to the deployment of the most
suitable vaccines, administered at the optimum
times, combined with high standards of hygiene and
strict disease security measures. Future
immunization strategies against IBD need to develop
protection against all pathogenic ﬁeld strains while
avoiding setting up selection pressures that might
cause new variants to emerge.
Recommended vaccination schedule

Fantay et al. (2015) determined the
appropriate time for administration of live vaccine as
18 days of post hatch. It could vary according to the
management conditions at the particular farm
(Fantay et al., 2015, Moraes et al., 2005). Therefore,
ideally IBD vaccination of chickens whose parents
had been vaccinated against IBD should not be done
without determining maternal antibody titer (Fantay
et al., 2015). Furthermore, administration of a
booster vaccine against IBD at pre-layer stage in
order to increase the level of antibodies in their oﬀspring until being vaccinated is recommended
(Fantay et al., 2015).

According to OIE (2016), intermediate
vaccine is administered as a coarse spray for day old
chicks in order to protect chicken in the ﬂocks that
carry no or minimum levels of maternal antibodies.
Second and third applications are administered if
vaccinated chicks carry uneven maternal antibody
levels or if there is a high risk of exposure to virulent
forms of IBDV. Second dose is usually given at 10-14
days post hatch when 10% of the population is
susceptible to IBD followed by a third dose 7-10 days
later (OIE, 2016).


In spite of preventive vaccination programs
practiced with the intermediate strains, IBD is being
reported throughout the world. Strict bio security
measures should be coupled with vaccination to
control the disease. With the emergence of vvIBDV
strains, controlling IBD by vaccination has been
more challenging (Muller et al., 2012). In ovo
vaccination and live viral vector vaccines introduced
recently have proved high eﬃcacy even in the
presence of high levels of maternally derived
antibodies (Muller et al., 2012).
Economic impact
IBD is economically very signiﬁcant to the
global commercial poultry industry through the
mortality, impaired weight gain, immunosuppression
and excessive condemnation of carcasses due to
marked haemorrhage in the skeletal muscle
(Zeryehun, 2017). Infected chickens less than 3
weeks of age may appear healthy without exhibiting
clinical signs (Hitchner, 1971), but have a subclinical
infection characterized by microscopic lesions in the
BF (Winterﬁeld et al., 1972). Although rapid
recovery from IBD is common in surviving chicks,
the damage to BF is irreversible and results in
immunosuppression. The greatest economic loss of
IBD result from immunosuppression leading to
increased susceptibility to other diseases and being
unresponsive to costly vaccination programs
(Withers et al., 2005). It was found that both IBDV
infected broiler and pullet ﬂocks would respond
poorly to live attenuated vaccines against viruses
such as Newcastle disease and infectious bronchitis
(Cullen, 1994) and Marek's disease (Kibenge et al.,
1988). IBDV infected broilers have greater tendency
and severity of respiratory disease and consequent
downgrading of carcasses at slaughter (Cullen,
1994). It was also shown that IBDV infected birds
may become good propagators of other viral
pathogens (Alkie and Rautenschlein, 2016). IBDV
infected breeders may show lower egg production
and poor chick quality (Cullen, 1994). Control of
IBD imposes additional costs in vaccination, health
screening and increased sanitation. In areas with
emerging industries, scarcity of diagnostic facilities
and lack of vaccines can result in serious losses and
high costs (Cullen, 1994). IBD imposes a serious
constraint to proﬁtable production as highly virulent
IBDV can cause high mortality in unprotected ﬂocks
(Alkie and Rautenschlein, 2016). Among susceptible
chickens subclinical IBDV infection is not
uncommon in the ﬁeld, and may occur particularly
when the aﬀected ﬂocks have maternal antibodies or
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the involved IBDV strains are of low pathogenicity
(Van den Berg et al., 2000).

these facts warrant complete molecular
characterization of evolving IBDV strains.

Future perspectives

Prevention of IBD related losses associated
with immunosuppression and secondary infections
will continue to be a speciﬁc focus in the ﬁeld in
future. The identiﬁcation and characterization of new
emerging IBDV strains remains a major reason for
the development of new vaccination strategies. In
this regard, new sequencing technologies and
bioinformatics need to be used in the future to
understand IBDV epidemiology and possibly to
predict the distribution of certain strains in the ﬁeld
(Alkie and Rautenschlein, 2016). Edible vaccines to
combat IBD hold promise in future and one of the
strategies to develop cost-eﬀective and clean
vaccines is to express engineered IBD antigenic
genes in edible plants or their seeds to induce
immunity after their consumption (Khan and Maliga,
1999, Khan et al., 2007). It has been shown that when
IBDV VP2 gene expressing rice and certain grains
were fed to chicks, neutralizing antibodies were
produced and the birds were protected from vvIBDV
strains (Wu et al., 2007).
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TRANS-PERINEAL ULTRASONOGRAPHIC MONITORING OF
INTRAVAGINAL TRANSMISSIBLE VENEREAL TUMOUR
REGRESSION WITH VINCRISTINE SULPHATE CHEMOTHERAPY
IN DOGS: A STUDY OF TWELVE CASES
Bandula Rajapaksha, W. Chamara Ruwanmal Fernando and D.D.N. de Silva*
Veterinary Teaching Hospital, Department of Veterinary Clinical Sciences,
Faculty of Veterinary Medicine and Animal Science,
University of Peradeniya, Peradeniya, 20400, Sri Lanka.
SUMMARY: Transmissible venereal tumour (TVT) grows mainly on the genitals of dogs.
When such lesions develop in the vaginal passage, the process of clinical examination,
diagnosis, and monitoring of therapeutic response are crucial in veterinary practice. The
objective of this study was to investigate the usefulness of two-dimensional trans-perineal
ultrasonography to monitor the therapeutic response of vincristine sulphate on intravaginal
TVT in dogs. Twelve female dogs having lesions conﬁrmed as TVT with cytological
evaluation were used. TVT were categorized as multilobular (n=7), solitary (n=5), and
heterogeneous (n=12). The maximum transverse diameter of tumour was assessed
ultrasonographically while treating with vincristine sulphate 0.025 mg/kg, IV at weekly
intervals. Owners were informed about the side eﬀects of chronic vincristine sulphate
chemotherapy such as development of pancytopenia, inappetence, and alopecia. Dogs were
monitored for such adverse reactions during the study. The average maximum transverse
diameter of tumour was 3.05±1.31 cm (range, 1.32 to 5.8 cm) before the treatment. A
variation of therapeutic eﬀect on tumour size was observed with trans-perineal
ultrasonography. A signiﬁcant reduction of the lesions was recorded between two to ﬁve
weeks of the treatment in 11 dogs (P=0.00), with the highest reduction recorded one week
after the treatment (P=0.01). Eight dogs showed thickened and hyperechoic foci on the
vaginal wall with the highest average thickness of 0.36±0.08 cm after the complete remission
of TVT. Based on the results in this study, it could be concluded that trans-perineal
ultrasonography is a simple and noninvasive diagnostic modality to characterize and
monitor the therapeutic eﬀect of vincristine sulphate in dogs aﬀected with intravaginal TVT
in clinical practice.

INTRODUCTION
Clinical examination, diagnosis, and
monitoring of therapeutic response of deeply located
intravaginal lesions of canine patients are crucial in
veterinary practice. Transmissible venereal tumour
(TVT) grows mainly on the genitals of dogs (Igor et
al., 2012; Tella et al., 2004). TVT is usually
transmitted from one dog to another during mating
when abraded mucosa is exposed to the tumour of an
infected dog (Otter et al., 2015). Further, Varela et al.
(2013) suggested a possible acquisition of the tumour
from the maternal genital TVT to puppies during the
passage through the birth canal. In general, initial
TVT lesions are superﬁcial and 1-3 mm in diameter
(Otter et al., 2015). Subsequently, multiple nodules
fuse together forming larger, hemorrhagic,
cauliﬂower-like, friable masses. The diameter of the
masses could vary initially (5-7 cm) and progress
gradually deeper into the mucosa as multilobular
lesions with diameters exceeding 10-15 cm (Otter et
al., 2015). When lesions develop in the vagina of a
Corresponding author: D.D.N. de Silva, e-mail: niranjalad@yahoo.com

dog, several forms of manifestation including
chronic vaginal bleeding, infertility, dystocia, and
subsequent tumour metastasis could be encountered.
The deﬁnitive diagnosis of TVT is based on history,
physical examination, and cytological evaluation
(Igor et al., 2012; Purohit et al., 2008; Thangathurai
et al., 2008; Varela et al., 2013). However, when such
lesions develop in anterior vagina, additional
diagnostic aids are necessary to assess the severity
and magnitude of the growth, and to plan and monitor
the response to treatment.
Chemotherapy using vincristine sulphate is
widely used as the therapeutic means for
convenience of administration, eﬃcacy, and
relatively low cost (Purohit, 2008). Intravenous
vincristine sulphate 0.025 mg/kg, administered once
a week for 3-6 weeks is reported to be one of the most
eﬀective chemotherapy protocols (de Silva, 1992;
Otter et al., 2015; Purohit, 2008). It has been found to
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cause mitotic arrest and act on intercellular tubules
(Tella et al., 2004). However, it is important to assess
complete tumour remission accurately before
treatment is terminated to prevent the risk of
metastasis and the recurrence (Kose et al., 2013;
Varela et al., 2013). Meanwhile, slight and transient
normocytic normochromic anaemia and leucopenia
have been observed in dogs due to the anti-mitotic
eﬀect of vincristine on bone marrow haemopoiesis
(Tella et al., 2004). However, Tella et al., (2004)
suggested that the side eﬀects of vincristine
sulphateare being tolerated by many dogs with the
accurate dosage, short and well-spaced duration of
the therapy.
Ultrasonography is considered as a user friendly,
noninvasive, and real-time diagnostic modality in
veterinary practice to diagnose, assess, and monitor
the therapeutic eﬀect on diﬀerent tumours in dogs
(Barthez et al., 1998; Feliciano et al., 2017;
Naughton et al., 2012; Tagawa et al., 2016). The
importance of the trans-perineal ultrasonographic
characteristics of the birth canal of bitches during
pregnancy and dystocia has been documented
(Wickramasekara and de Silva, 2019). Furthermore,
diﬀerent ultrasonographic techniques and ﬁndings
such as invasiveness, irregular contours, acoustic
shadowing, and echo-texture of lesions are used in
the diﬀerentiation of tumours (Feliciano et al., 2012;
Lohet al., 2009; Pagani et al., 2016). However, a few
studies have been carried out in relation to transperineal ultrasonographic characteristics of TVT in
dogs. The objective of this study was to investigate
the signiﬁcance of using two-dimensional transperineal ultrasonography to characterize and monitor
therapeutic eﬀect on intravaginal TVT with
vincristine sulphate chemotherapy in dogs.
MATERIALS AND METHODS
Animals
Twelve female dogs conﬁrmed as having
TVT by cytological evaluation were included in the
present study. The dogs were German shepherd
(n=2), Pomeranian (n=1), and mixed breed (n=9). The
dogs were presented to the Veterinary Teaching
hospital, University of Peradeniya with clinical signs
namely, chronic intermittent reddish vulval discharge
(n=11), urinary incontinence (n=3), stranguria (n=1),
and infertility (n=1). The average age of dogs was
4.6±1.7 years (range, 2 to 7 years) and the
bodyweight 15.0±4.3 kg (range, 10 to 27.5 kg). The
patients were subjected to a thorough general clinical
examination. As development of slight and transient

pancytopenia have been reported with vincristine
sulphate therapy (Tella et al., 2004), blood samples
were collected from cephalic vein of each dog into
EDTA coated tubes for complete blood count to
monitor such changes. Written consent from owners
was obtained before the use of their animals for the
study. The study was carried out according to the
ethical guidelines for animal studies at the Faculty of
Veterinary Medicine and Animal Science, University
of Peradeniya.
Cytological evaluation
Presence of TVT cells during cytological
evaluation were used to identify dogs suﬀering from
TVT in the present study. A cotton swab was inserted
into the anterior vagina touching the masses
suspected to be TVT. Three smears were prepared
from collected sample from each dog and stained
with Leishman stain for evaluation by light
microscopy (x100 oil immersion). TVT was
conﬁrmed according to the cellular features
described by Thangathurai et al. (2008). The cellular
features looked for were the presence of oval to round
nuclei, presence of coarsely aggregated chromatin,
light blue cytoplasm with clear vacuoles, and
numerous mitotic ﬁgures (Figure 1).

Figure 1. Round to polyhedral tumour cells (arrows)
and polymorphonuclear nuclei containing coarsely
aggregated chromatin at varying stage of mitosis in a
smear prepared from a vaginal swab of a dog aﬀected
with TVT. The light blue cytoplasm of tumour cells
contains typical vacuoles (Leishmann stain x 100).
Ultrasonography procedure
TVT cases which were conﬁrmed with
cytology evaluation were used for the
ultrasonography examination in the present study.
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Two-dimensional trans-perineal sonograms were
obtained using ultrasound scanner (MyLab30vet,
Esaote, Genoa, Italy) with a phased-array transducer
(Esaote PA 122, Esaote, Genoa, Italy) with frequency
of 7.5 MHz. All the necessary dimensions were
obtained from the sonographic images using
electronic calipers. In each examined lesion, at least
three measurements were taken in centimeters, and
the means of all measurements were calculated as the
ﬁnal value. Real-time images were recorded on
videotape and static images were sent to a computer
equipped with specialized software for storage and
oﬀ-line evaluation.
Assessing the characteristics of TVT lesions with
trans-perineal ultrasonography
The transducer was positioned on the perivulva area with the dog in a lateral recumbency
(Figure 2).

Figure 2. A schematic diagram shows the position of
the transducer (T) on the peri-vulva area with a dog in
a lateral recumbency during trans-perineal
ultrasonography. The transducer was positioned
vertical in relation to the perineum of the dog and
then slightly tilted dorsally to obtain the maximum
visual length of the vaginal passage (V).
The transducer was positioned vertical in
relation to the perineum of the dog and then slightly
tilted dorsally to obtain the maximum visual length of
the vaginal passage. The maximum transverse
diameter of tumour was measured from the wall of
vagina to the edge of the tumour using electronic
calipers. In addition, the following evaluation
variables were recorded: lesion number (solitary,
multiple), echotexture (heterogeneous,
homogeneous) of lesions (Figure 3).

Figure 3. Representative trans-perineal
ultrasonography images of TVT in (A) a 2-year old
German shepherd showing multiple lesions (arrows)
attached to the vaginal wall, and (B) a heterogeneous
solitary lesion (arrow) with a broad base in a 1-year
old mixed breed dog. Feacal matter in the rectum (R)
can be seen dorsal to the vaginal passage. Dorsal is to
the left, ventral is to the right, and cranial is to the
bottom.
The color-ﬂow Doppler ultrasonography
was used subjectively to assess the vascularization in
the lesion with a phased-array transducer (Esaote PA
122, Esaote, Genoa, Italy) with frequency of 7.5
MHz. Trans-perineal ultrasonography was
performed at intervals of one week until the TVT
cells had disappeared at the vaginal cytological
evaluation, and presence of any abnormality in the
vaginal passage was recorded.
Chemotherapy procedure
As described by Tella et al. (2004), TVT
cases were treated with vincristine sulphate (Belco
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Pharma PVT Ltd, India) 0.025 mg/kg that was slowly
infused intravenously together with 0.9% NaCl (10
ml/kg). Before administering of vincristine sulphate,
the dog owners were informed about the adverse
eﬀects of the chemotherapy such as, nausea,
vomiting, weight loss, diarrhea, bloating, abdominal
pain, hair loss, constipation, and loss of appetite
(Tella et al., 2004). The most frequent complication
of vincristine therapy is the occurrence of local tissue
lesions caused by extravasation of the drug during
intravenous application, resulting in the development
of necrotic lesions with crusts in non-tumorous tissue
(Otter et al., 2015). Therefore, precautions were
taken to prevent extravascular leakage of vincristine
sulphate when the chemotherapy was administered.
Vincristine sulphate was administered at weekly

intervals until the tumour cells could not be detected
with vaginal cytological evaluation.
Statistical analysis
All measurements were recorded on a
Microsoft Excel spreadsheet. Statistical analysis was
done using software Minitab ® 18. Descriptive
statistics, such as mean, range (minimum to
maximum), and standard deviations of the mean were
calculated for relevant parameters. The maximum
transverse dimension of TVT lesion at ﬁrst
presentation was compared with the dimensions of
the treated tumours. Therapeutic eﬀects were
categorized as complete regression, partial
regression, or stable disease. Two sample paired t-test
was done to compare the therapeutic eﬀects. The Pvalue < 0.05 was considered as statistically
signiﬁcant.

Figure 4. Trans-perineal ultrasonography images of TVT lesion of a 2-year mixed breed female dog. (A) A
solitary, vascularized, heterogeneous mass lesion (arrow head) occluding the vaginal passage at the ﬁrst day of
presentation. (B) Partially regressed tumour one week after vincristine sulphate therapy. Vaginal passage (V)
appears cranial to the tumour mass. (C) A signiﬁcantly reduced tumour two weeks after the treatment, and (D)
clear vaginal passage a week after the completion of chemotherapy protocol. The vaginal wall contains
intermittent hyperechoic foci with irregular thickened areas (arrow). The maximum transverse diameter of the
tumour was measured on the longest axis between the two arrow heads. Feacal matter in the rectum (R) can be
seen dorsal to the vaginal passage. Dorsal is to the left, ventral is to the right, and cranial is to the bottom
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RESULTS
Trans-perineal ultrasonography was
performed in 12 dogs who were suﬀering from TVT.
Initially, the tumour appeared ultrasonographically
as space occupying lesions in the vaginal passage.
Tumours were broad based attached to the vaginal
wall with clear vascularization in eight dogs. The
average maximum transverse diameter of tumour
was calculated as 3.05±1.31 cm (range, 1.32 to 5.8
cm) just before the tumours were treated with
vincristine sulphate. As shown in Figure 3, seven
dogs had multilobular tumour masses in the vaginal
passage, while 5 cases had a prominent solitary lesion
(Figure 3A and 3B). All TVT lesions observed in the
present study were heterogeneous in echotexture.
A variation in the reduction of tumour size
was observed with trans-perineal ultrasonography in
dogs aﬀected with TVT after commencing treatment
with vincristine sulphate. As shown in ﬁgure 4, a
signiﬁcant reduction of the lesions for vincristine
sulphate was recorded between 2 to 5 weeks of
treatment in 11 dogs (P = 0.00). The complete
remission of tumour was observed in 2 dogs in 2
weeks after the commencement of the chemotherapy,
while 6 dogs required 3 consecutive doses.
Meanwhile, 4 doses of vincristine sulphate were
needed for 2 dogs and 5 doses for 1 dog for the
complete remission of TVT. Only one dog showed no
considerable reduction of tumour after 3 consecutive
doses of vincristine sulphate, thus it was considered
as a partial regression. The average maximum size of
tumour of second and third follow ups were measured
as 1.80±0.88 cm (range, 0.5 to 3.8 cm) and 1.12±0.92
cm (range, 0.5 to 3.5 cm) respectively. The highest
reduction of maximum transverse diameter of
tumour was recorded one week after the treatment
( P = 0 . 0 1 ) . Va s c u l a r i z a t i o n o f t h e t u m o u r
progressively waned. Due to the shrinkage of the
lesions, the vaginal passage could be clearly
visualized ultrasonographically at the end of the
chemotherapy protocol in 11 dogs (Figure 4D). As
appeared in the Figure 4D, eight dogs showed
thickened and hyperechoic foci on the vaginal wall at
the end of the treatment, although cytological
evaluation was negative for TVT cells. The average
highest thickness of the vaginal wall of recovered
dogs was 0.36±0.08 cm.
In the present study, complete blood count of
dogs were measured before each vincristine sulphate
treatment. The hematological parameters did not

show signiﬁcant level of alteration to terminate the
chemotherapyprotocol during the study period.
DISCUSSION
In the present study, the ultrasonographic
characteristics of intravaginal TVT lesions in dogs
were assessed using trans-perineal ultrasonography.
Subsequently, the therapeutic eﬀect on intravaginal
TVT of vincristine sulphate was monitored by
evaluating ultrasonographic characteristics and
tumour size before, during weekly doses, and after
completing the course of chemotherapy. It was
revealed that most intravaginal TVT lesions of dogs
were heterogeneous with irregular mucosal surface.
Some conventional ultrasonographic ﬁndings may
aid in establishing tumour type. Irregular
echogenicity may occur because of necrosis, cyst
formation, edema, hemorrhage, and calciﬁcation
(Paulinelli et al., 2005; Tagawa et al., 2016). In
addition, irregular margin, polymorphous shape, and
heterogeneous internal characteristics were
correlated with malignancy (Tagawa et al., 2016).
The ultrasonographic characteristics of TVT
recorded in the present study would be useful to
assess the tissue composition of TVT and distinguish
it from other perineal tumours. Furthermore, transperineal ultrasonography can be used eﬀectively to
identify degree of invasion of intravaginal lesion in
relation to adjacent structures, especially the vagina,
cervix, urethra, colon, and rectum. This would
support to understand the clinical manifestation of
the dogs aﬀected with intravaginal masses. Observed
clinical signs in dogs aﬀected with intravaginal TVT
in the present study such as urinary incontinence and
stranguria probably may be due to the obstruction of
urethral passage by the space occupying TVT
masses, and damage to the blood vessels in it,
respectively.
The trans-perineal ultrasonography can be
used for evaluating therapeutic eﬀect on intravaginal
tumours. In the present study, the majority of dogs
showed a signiﬁcant reduction of tumour size with
vincristine sulphate. The greatest reduction of
maximum transverse diameter was observed one
week after the commencement of chemotherapy.
However, for the majority of dogs, continuation of
treatment was required from one to ﬁve weeks until
cytological evaluation became negative for TVT
cells. Although the exact reason why some dogs
required multiple doses of vincristine sulphate is not
well known, factors such as the size of tumour, the
degree of diﬀerentiation of tumor, and blood supply
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to the tumour tissue may aﬀect the rate of remission
of TVT. Trans-perineal ultrasonography could be
used to reveal partial regression of TVT in a dog.
Similar situations have been reported by Varela et al.
(2013), which required adopting other chemotherapy
protocols or surgical removal of tumours. Thus, one
of the major advantages of trans-perineal
ultrasonography is that it would enable early
detection of ineﬀective chemotherapy protocols.
This would minimize adverse eﬀects of primary
chemotherapy as non-responders could be easily
identiﬁed. For example, it was observed that one dog
in the present study showed no considerable
reduction of tumour after 3 consecutive doses of
vincristine sulphate. Therefore, the patient was
prescribed with combination of treatment with
vincristine sulphate, cyclophosphamide, and
prednisolone.
In the present study, TVT lesions in 8 dogs
showed the generalized vascularization throughout
the lesions with colour Doppler ultrasound. The
vas cularization of tumour tis s ue reduced
considerably with consecutive vincristine sulphate
therapy. The colour Doppler ultrasonography allows
quantiﬁcation of vessel density which is also
indicative of malignant lesions (Feliciano et al.,
2012). Thus, the colour Doppler ultrasound can be
considered as an additional diagnostic tool to monitor
treatment response of TVT in association with transperineal ultrasonography. Meanwhile, trans-perineal
ultrasonography revealed thickened, irregular,
hyperechoic foci on the vaginal wall of dogs after the
complete remission of TVT. As described by Otter et
al. (2015), this could be due to the fact that tumour
cells had been replaced by reactive ﬁbrotic tissue and
inﬂammatory cells which leads to vaginal wall
hyperplasia (Figure 4D).
This study had several limitations. One of the
major constraints of trans-perineal ultrasonography
is limited view due to narrow window of pelvis of
dogs (Figure 2). The phased-array transducer was
used to investigate the far end of the vaginal passage
as the beam from a transducer can be focused and
swept electronically without moving the transducer
(Thomas et al., 2013). Moreover, in the present study,
TVT was selected to monitor therapeutic response as
it is common among dogs and vincristine sulphate
was considered as the ﬁrst-line of treatment.
However, further studies need to be carried out on

diﬀerent types of perineal tumours with diﬀerent
chemotherapeutic protocols to broaden the
information of the present ﬁndings. In the present
study, vaginal cytological evaluation was carried out
to conﬁrm TVT in dogs at weekly intervals until TVT
cells disappeared with the chemotherapy. However,
if cytological evaluation could be used in
combination with histopathology, it would further
increase the accuracy of detection in TVT.
In conclusion, this preliminary study has
shown the potential diagnostic value of transperineal ultrasonography in dogs aﬀected with
intravaginal TVT. Furthermore, trans-perineal
ultrasonography was used eﬀectively in combination
with cytological evaluation of tumour cells to
monitor the therapeutic eﬀect of vincristine sulphate
on intravaginal TVT in dogs. On the basis of the
information obtained in this study, trans-perineal
ultrasonography can be used as a simple and noninvasive diagnostic modality to characterize and
monitor the therapeutic eﬀects of chemotherapy in
dogs aﬀected with intravaginal TVT in clinical
practice.
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SUMMARY: Resistance to antimicrobials is a worldwide problem in both human and
veterinary medicine. Exposure to antimicrobials is commonly attributed to the maintenance
of resistance in bacterial populations. Commensals like Escherichia coli (E. coli) can easily
acquire and transfer resistance genes. The present study was conducted to identify
antimicrobial resistance (AMR) proﬁles of E. coli and Salmonella isolated from faecal
samples of wild animals. During the period of December 2015 to June 2016, samples were
collected from 26 birds, 25 mammals and three reptiles within the Eastern Wildlife Health
Region of Sri Lanka, which covers approximately 125,576 hectares. Isolation rates of E. coli
and Salmonella from faecal samples were 37.03% (20/54) and 18.51% (10/54) respectively.
Nine of the 20 E. coli isolates (45%) were resistant to ampicillin and 7 (35%) to
trimethoprim+sulfamethoxazole and tetracycline. Two E. coli isolates were resistant to
more than 6 antimicrobials tested. All 20 E. coli isolates were susceptible to amikacin and
imipenem and 19 (95%) were susceptible to ceftriaxone and gentamicin. Out of the 10
Salmonella isolates, four were resistant to ampicillin and tetracycline, while 2 were resistant
to trimethoprim+sulfamethoxazole. Ten percent resistance was observed against each
nalidixic acid, streptomycin, and ciproﬂoxacin. Multiple Drug Resistant (MDR, i.e. not
susceptible to at least one agent in at least three antimicrobial classes) E. coli and Salmonella
were recovered from Jungle Cat (Felis chaus), Jungle Fowl (Gallus lafayetti), and Serpent
Eagle (Spilornis cheela). These AMR and MDR patterns indicate a threat to wildlife and the
necessity of conducting a detailed study to identify the possible sources of wildlife
contamination.

INTRODUCTION
Antimicrobial resistance (AMR) is a
worldwide problem in human and veterinary
medicine (Paul, 1983, World Health Organization,
2011, Hajer et al., 2012). Various human activities
including overuse/misuse of antimicrobials, use of
antimicrobials as growth promoters in animal feed
and improper disposal of human and farm animal
waste have led to exposure of bacteria to sub lethal
levels of antimicrobials which promote the evolution
of resistant bacterial strains (Poeta et al., 2005).
Hitherto the bacteria harboring AMR determinants
have been isolated from a variety of environmental
sources, including domestic sewage, drinking water,
rivers and natural lakes, etc., in many countries
(Kasper and Burgess, 1990, Poeta et al., 2005).
The epidemiological surveillance of
transmission of AMR is usually conducted using the
Corresponding author: Nihal Pushpakumara, e-mail: npkumara29@gmail.com

indicator bacteria of the intestinal ﬂora such as
Escherichia coli (E. coli) and Salmonella sp. (Guerra
et al., 2003, Clesceri et al., 1993). As AMR is a global
health emergency, more investigations are ongoing to
evaluate the prevalence of AMR among
pathogens/commensals in humans, domestic animals
and wildlife in many countries. Even in Sri Lanka
several studies have reported alarming trends of
AMR in E. coli and Salmonella in humans and
domestic animals (Asanthi et al., 2014, Chandrasiri
et al., 2010, Kottawatta et al., 2017, Liyanapathirana
et al., 2016, Pathirage et al., 2014).
However, limited research has been
conducted in Sri Lanka to reveal the level of AMR in
wild ecosystems and the information about the
resistance levels in bacteria isolated from wild
animals are scarce. The objectives of this study were
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to get basic idea about pattern of AMR in E. coli and
Salmonella in wild animals against antimicrobials
which are commonly used as therapeutic agents in
human and veterinary practices in Sri Lanka, and to
identify the current status of wildlife associated AMR
in a selected area of Sri Lanka in order to get a basic
idea about possible antimicrobials that can be used as
eﬀective therapeutic agents in Sri Lankan wildlife.
MATERIALS AND METHODS
Study area and sampling
This study was conducted using voided
faeces and rectal or cloacal swabs collected from sick
and displaced wild animals that were brought to the
Eastern Wildlife Health Center of the Department of
Wildlife Conservation in Ampara, Sri Lanka, from
December 2015 to June 2016. A single sample was
taken from each animal with a sterile swab before any
treatment or feed was given. A total of 54 samples
were collected, 26 from birds, 25 from mammals and
3 from reptiles. The samples were stored and
0
transported to the laboratory on ice (4 C) within 24 to
48 hours of collection. All the laboratory procedures
were conducted in the Food Microbiology
Laboratory (FML), Department of Veterinary Public
Health and Pharmacology, Faculty of Veterinary
Medicine and Animal Science, University of
Peradeniya, Sri Lanka.
Isolation and identiﬁcation of E. coli
The methods described in Carson et al.
(2001) and Quinn et al. (1999) were used for isolation
and identiﬁcation of E. coli. Brieﬂy, the tube
containing swab was ﬁlled with 3 ml of buﬀered
peptone water, mixed well, and incubated at 370C for
18 to 24 hours. A loop full of the incubated buﬀered
peptone water solution was streaked on a
0
MacConkey agar plate and incubated under 37 C for
24 hours. Selected one pink color presumptive E. coli
colony on MacConkey agar plate was streaked on
0
nutrient agar plate and incubated at 37 C for 18 to 24
hours to obtain a pure culture. All pure presumptive
E. coli isolates were subjected to biochemical tests
for conﬁrmation as described in Quinn et al. (1999).
Parallel analysis of the E. coli reference strain, ATCC
25922 was performed as the positive control of all
procedures.
Isolation and identiﬁcation of Salmonella
The methods described by World Health
Organization (WHO) global foodborne infections
network (WHO global foodborne infections

network, 2010), International Standard (ISO) 6579-1
(ISO, 2017) and Quinn et. al.., (1999) were used for
isolation and identiﬁcation of Salmonella from the
samples collected. Brieﬂy, each swab was immersed
in 3 ml of Buﬀered Peptone Water (BPW) and
o
incubated at 37 C overnight as the non-selective pre
enrichment step. Following day, 100 µl from the pre
enriched sample was pipetted out and added to 10 ml
of Rappaport Vassiliadis broth (RV broth) and
0
incubated at 37 C for 24 hours for selective
enrichment. Following the incubation, a loop-full of
RV broth was streaked onto xylose lysine
deoxycholate (XLD) plate and incubated for18 hours
0
at 37 C. A presumptive colony of Salmonella (a
colony with rabbit eye appearance) was selected,
streaked onto nutrient agar plate and incubated at
0
37 C for 18 to 24 hours. Conﬁrmation of Salmonella
species was done by biochemical tests as described
previously (WHO global foodborne infections
network, 2010 and Quinn et. al. (1999).
Testing for antimicrobial resistance
The AMR proﬁle of each conﬁrmed isolate
was assessed by the disk diﬀusion method using
Mueller Hinton (MH) agar and antibiotic disks from
Oxoid (Oxoid Limited, UK) following the
procedures described in Clinical Laboratory
Standard Institute (CLSI, 2013). The isolates were
tested for 12 antimicrobials: amikacin, streptomycin,
gentamicin, imipenem, cefatoxime, cefatazidime,
ceftriaxone, ampicillin, nalidixic acid, ciproﬂoxacin,
trimethoprim+sulfamethoxazole, and tetracycline,
which are currently used in human and veterinary
practices in Sri Lanka. The diameters (in millimeters)
of the inhibitory zones were measured using a Vernier
caliper based on the guideline given by the CLSI,
2013. Each isolate was designated as Resistant (R),
Intermediately Susceptible (I) or Susceptible (S)
based on the clinical break points given in CLSI,
2013. Isolates not susceptible to at least one agent in
at least three antimicrobial classes were deﬁned as
MDR (Sweeney et. al., 2018). Data were analyzed
and graphs were plotted using Microsoft Excel.
RESULTS
Isolation rates of E. coli and Salmonella and their
AMR patterns
E. coli isolates were recovered from 20 wild
animal faecal samples (20/54, 37 %); 11 (42%) were
from birds and 9 (36%) from mammals. No E. coli
was recovered from reptiles sampled in this study.
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Salmonella was detected in 10 (10/54=19 %)
samples. Of these 6 (23%) were from birds, 3 (12 %)
were from mammals and 1 (33%) was from a reptile.
Forty ﬁve percent (9/20) of E. coli isolates
were resistant to ampicillin while 35% (7/20) were
resistant to each of trimethoprim+sulfamethoxazole

and tetracycline. Twenty ﬁve percent (5/20) of the
isolates were resistant to streptomycin whereas 15%
(3/20) resistance was detected against ciproﬂoxacin
and nalidixic acid. Five percent (1/20) of the isolates
exhibited resistance to each antimicrobial
cefatoxime, ceftriaxone, and gentamycin (Figure 1).

Figure 1: Antibiogram of the E. coli isolated from faecal samples of wild animals
Out of the 10 Salmonella isolates subjected
to disk diﬀusion test, 4 (40%) isolates were resistant
to each ampicillin and tetracycline. Two (20%)
isolates were resistant to trimethoprim+

sulfamethoxazole while 10% of resistance was
detected against each nalidixic acid, streptomycin,
and ciproﬂoxacin (Figure 2).

Figure 2: Antibiogram of the Salmonella isolated from faecal samples of wild animals
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Multiple drug resistant E. coli
One E. coli isolate from a Jungle Cat (Felis chaus)
was resistant to 9 antimicrobials namely, ampicillin,
cefotaxime, ceftazidime, ceftriaxone, ciproﬂoxacin,
gentamicin, trimethoprim+sulphamethoxazole,
tetracyclin, and streptomycin. This isolate was
sensitive only for amikazin, imipenem, and nalidixic
acid. Another E. coli isolate from a Jungle Fowl
(Gallus lafayettii) was resistant to 6 antimicrobials
namely ampicillin, ciproﬂoxacin, nalidixic acid,
trimethoprim+sulphamethoxazole, tetracyclin,and

streptomycin. Two E. coli isolates from Serpent
Eagles (Spilornis cheela) were resistant to ﬁve
antimicrobials whereas an E. coli isolate from
Spotted Deer (Axis axis) was resistant to four
antimicrobials. Table 1 shows MDR E. coli isolates
recovered from diﬀerent species of animals.
Ampicillin, ciproﬂoxazine, nalidixic acid,
trimethoprim+sulfamethoxazole, streptomycin, and
tetracycline were identiﬁed as the antimicrobials
against which the tested indicator bacteria were
mostly (25%, 5/20) resistant.

Table 1: Proﬁle of multiple drug resistant isolates of E. coli from diﬀerent types of animals

Multiple drug resistant Salmonella
One Salmonella isolate from a Serpent Eagle was
resistant to six antimicrobials namely ampicillin,
streptomycin, ciproﬂoxacin, trimethoprim+
sulfamethoxazole, nalidixic acid and tetracycline
showing multiple drug resistance (Table 2). Both E.

coli and Salmonella isolates from this particular wild
bird were resistant to ampicillin, ciproﬂoxacin,
nalidixic acid, trimethoprim+ sulfamethoxazole and
tetracycline showing similar resistant patterns
against tested antimicrobials.
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Table 2: Proﬁle of multi resistant isolates of Salmonella from two diﬀerent types of animals

DISCUSSION
The current study attempted to isolate two
indicator bacteria, namely E. coli and Salmonella
from diﬀerent wild animals, and to identify their
AMR proﬁles and resistance level to antimicrobials
which are commonly use as therapeutic agents in
human and veterinary practices in Sri Lanka. The
isolation rate of E. coli from wild animal faeces was
lower in the present study compared to studies
conducted on faecal E. coli of humans and domestic
animals. This was reported in previous studies too
(Gordon and Cowling, 2003, Tenaillon et al., 2010).
Although the load of E. coli in human gut microbiota
is around 90%, it is usually around 56% in wild
animals (Gordon and Cowling, 2003, Tenaillon et al.,
2010). Some studies on reptiles showed 68.4%
isolation rates, but these animals were from private
owners, in captivity or captured for monitoring
(Ramos et al., 2009). Further, the prevalence of E.
coli in birds and reptiles can be around 23% and 10%
respectively (Gordon and Cowlin, 2003). The
diﬀerences in prevalence rates in diﬀerent groups of
animals are greatly inﬂuenced by the host
characteristics such as recovery and density of E. coli
in the gut (Tenaillon et al., 2010). Moreover, the

frequency of exposure of animals to human
contaminants usually determines the recovery rates
of E. coli from animals (Iovine Rde et al., 2015).
The data generated here suggests diﬀerent
levels of AMR in E. coli and Salmonella. These
indicator bacteria showed development of resistance
against antimicrobials that have been widely used for
decades. In this study, resistance was observed in E.
coli against tetracycline, ampicillin, streptomycin
and trimethoprim+sulfamethoxazole which are the
classes of antimicrobials that have been widely used
in human and veterinary practices in Sri Lanka.
Even among these widely used agents,
resistance was seen mostly against tetracycline and
ampicillin. Not only in Sri Lanka, but globally
tetracycline is commonly used as a ﬁrst-line
antibiotic for many diﬀerent species of domestic
animals because of its wide spectrum, availability
and cost. Tetracycline is often used before the
antimicrobial susceptibility of the pathogen is
determined (Rosalind et. al., 1985). Resistance to
ampicillin and tetracycline has been observed in E.
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coli isolated from a variety of sources throughout the
world (Erskine et. al., 2002, Klein and Bulte, 2003,
Schlegelova et. al., 2002). As an example, in a cross
sectional study done in Michigan by Sayah et al.
(2005) that included E. coli isolates from variety of
sources (human sewage, wildlife, domestic animals,
farm environments, and surface water) showed
resistance to tetracycline and cephalothin. The author
claims that contamination of surface water from farm
environments has a signiﬁcant contribution in
spreading AMR bacteria. Over the counter drug
purchases, misuse of antimicrobials, continuation of
the same antimicrobial without veterinary
consultation, and inappropriate farm waste disposal
may facilitate emergence of AMR bacteria in
communities and eco systems in Sri Lanka.
Lunt et al. (2010) highlighted that unregulated
drug purchase and low quality patient care also can
increase the environmental contamination of
antimicrobials, and this will be inﬂuenced by the rapid
internet usage.
Multiple drug resistant E. coli strains were
isolated from Jungle Cat, Jungle Fowl, Serpent
Eagles and Spotted Deer. It is unlikely that these wild
animals have had a direct contact with antimicrobials
through antibiotic therapy. Except the Spotted Deer,
others usually roam around interacting with humans
and livestock, especially around the poultry farms.
Antimicrobials are used as growth promoters or as
therapeutics in the poultry industry and these wild
animals have been reported to act as predators or to
feed on poultry residues, feed residues or poultry
manure. Local communities state that Jungle Cats are
predators of poultry and often eat poultry house
waste. Moreover, Serpent Eagles in this area are
predators of small rodents, which largely depend on
poultry manure and feed. Therefore, bioaccumulation
of antimicrobial residues could be expected in
predators such as Serpent Eagles and Jungle Cats.
Findings from an inﬂuential study by Gilliver et al.
(1999), showed a high prevalence of acquired AMR
genes among fecal E. coli from woodland rodents in
the Wirral, UK. Because there was no direct antibiotic
use on this land, the investigators argued that this
prevalence was not a direct result of anthropogenic
disturbance. This provides evidence that proximity to
human populations, rather than direct antibiotic use
on the land, is suﬃcient to substantially aﬀect the gut
ﬂora of local wildlife (Winokur et. al., 2001). An E.
coli isolate from Spotted Deer also showed MDR
(resistant to four antimicrobials). Even though the

means of Spotted Deer being exposed to
antimicrobials is not fully understood, with the
available data, surface water contamination with
antimicrobial residues or AMR bacteria can be
considered as a potential source of exposing wild
fauna to antimicrobials which eventually leads to
emergence of AMR among pathogens and
commensals (Martinez, 2009). The worst case
scenario of emergence of AMR in wildlife is the
establishment of environmental reservoirs of
resistant bacteria ultimately causing problems in
medical treatments to wildlife and to humans in cases
of zoonotic disease outbreaks (Hajer et al., 2014).
This study detected one isolate of
Salmonella from a Serpent Eagle which was resistant
to six antimicrobials and another Salmonella isolate
from Jungle Cat which was resistant to four
antimicrobials (Table 2). Interestingly the resistant
pattern of the Salmonella isolate from the Serpent
Eagle was similar to that of the E. coli isolated from
the same bird. These ﬁndings give hints on
commensals of diﬀerent genera acquiring similar
resistant determinants. Observing resistance or
intermediate resistance for the same panel of
antimicrobials might suggests that Serpent Eagle and
the Jungle Cat have been predating or scavenging
from a similar environment. Rosalind et. al. (1985)
has hypothesized that food wastes and other forms of
refuse can be sources of AMR for nonpathogenic
bacteria in the intestine in the absence of known
antibiotic selective pressure.
Conclusion
It is diﬃcult to make strong conclusions with
the results generated from this preliminary study with
a small sample size. However, the results generated
are valuable in identifying AMR proﬁles of
investigated indicator bacteria in wildlife,
speculating future empiric treatments and to take
necessary precautions to suspend the transmission of
AMR bacteria between wildlife, humans, and
livestock. Limitations identiﬁed in the current study
include; small sample size, lack of data on other
antimicrobials which are not used in Sri Lanka for
treatment of human and domestic animals, and not
including other classes of antimicrobials frequently
used as therapeutic agents in Sri Lanka.
Compared to studies from diﬀerent parts of
the world, E. coli and Salmonella recovered from Sri
Lankan wildlife are still susceptible to many
antimicrobials. Hence, still we have opportunities to
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safeguard our wildlife by minimizing development
of antimicrobial resistance. However, data from the
current study may indicate a considerable wildlife
contamination with AMR microbes and their genes,
and the sources are unclear. Therefore, a detailed
study including wild animals representing all the
local wildlife health regions is warranted for the
proper understanding of the AMR levels of indicator
bacteria in wild animals in Sri Lanka.
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SUMMARY: A major review of the Bachelor of Veterinary Science (BVSc) program at
University of Peradeniya, Sri Lanka was undertaken under the umbrella of the Oﬃce
International des Epizooties (OIE; World Organisation for Animal Health) Veterinary
Education Twinning Program with the partnership of Massey University, New Zealand.
The review process started with widespread consultation amongst the Sri Lankan
veterinary profession and other stakeholders to identify areas in which changes were
needed to the current competencies of veterinary graduates. The review was undertaken as
a formal process of the University of Peradeniya, in alignment with the requirements and
expectations of the Sri Lanka Qualiﬁcations Framework (SLQF). Content was aligned with
the recommendations of the OIE on the competencies of graduating veterinarians and
projections of national and global standards for the veterinary profession for at least the
next two decades. Pedagogical revision has been based upon current best practices in
veterinary medical education worldwide. Revision of clinical teaching has similarly aimed
to ensure that graduates are well-equipped to meet the diverse expectations of animal
owners in Sri Lanka. It has aimed to increase the scope of clinical teaching by drawing upon
the breadth of clinical resources that are available throughout the country. Key changes to
the program included the extension of its duration by one academic year in order to allow
for a year of uninterrupted clinical teaching, alignment and amalgamation of related
material, the introduction of problem-based learning modules, a signiﬁcant reduction in
lecture content with a parallel increase in tutorial and practical contents, elaboration of
several courses related to industries that have recently gained improved importance in the
country (e.g. equine, aquaculture, poultry), and introduction of several new courses to cover
topics that had not been adequately covered previously. Finally, a program-long thread of
material relating to the professional, ethical and inter-personal behaviour of veterinarians
has been introduced. Presentation of the revised curriculum to the profession in Sri Lanka
has been met with a high level of enthusiasm and a willingness to participate in its clinical
teaching.

INTRODUCTION
Veterinary education was established in Sri
Lanka with the opening of the veterinary degree
program at the University of Ceylon in 1947. Since
then, progressive iterations of the qualiﬁcation have
seen it vested in the Faculty of Veterinary Medicine
and Animal Sciences (FVMAS), at the University of
Peradeniya (UP) as a 4-year, bachelors level
qualiﬁcation (Bachelor of Veterinary Science: BVSc)
that leads directly to registration with the Veterinary
Council of Sri Lanka (see http://vet.pdn.ac.lk/
general.php for a more detailed history). The present
curriculum, initially designed in 1992, was a
modiﬁcation of the program at the Royal Veterinary
College, London, at that time. A major review of the
program was undertaken in 2000, with emphases on
improvement and integration of courses in animal
health and production sciences. Minor reforms have
been made since 2000 to help the curriculum to better
meet local needs, but without a systematic review of

the entire program. In 2010, such a systematic review
was initiated, aimed at broad-basing the BVSc
curriculum, improving teaching and training
resources and methods, and expanding research and
development capacity and outreach activities, but
that curriculum did not come to implementation.
There have also been changes in patterns of
animal ownership and livestock farming in Sri Lanka
that have necessitated change to the BVSc
curriculum. Changes to livestock farming have seen
the emergence of aquaculture, poultry farming and
dairying as major economic activities. Concurrent
changes in the socioeconomic status of middleincome pet owners have resulted in increased
expectations for the breadth and standard of
companion animal veterinary services. These
changes have resulted in demands upon the
veterinary school to broaden its curriculum by
introducing a wider range of specialisations whilst
also ensuring greater practical competency in basic

Corresponding author: Nayana Wijayawardhane, e-mail: nayanaw@vet.pdn.ac.lk

30

veterinary procedures, and incorporation of modern,
evidence-based treatment and disease prevention
methodologies. Such material has been incorporated
into the BVSc degree, but often on a piecemeal
fashion. Moreover, the consequence of continual
addition of new material has, inevitably, been
curricular drift and expansion, with the outcomes of
factual overload, an imbalance between theoretical
and practical training, and assessment overload.
Furthermore, there have been signiﬁcant
changes to tertiary education in general, and
veterinary education in particular over the same
period. The content of veterinary degree programs
has become increasingly deﬁned by international
expectations around the capabilities of veterinary
graduates at the point of their entry to the veterinary
workforce (Welsh et al., 2009), notably the graduate
competency statements of organisations such as the
Royal College of Veterinary Surgeons (RCVS, 2017)
and the World Organization for Animal Health
(Oﬃce International des Epizooties: OIE; OIE,
2012). In turn, these competency statements deﬁne
both the content and teaching of the curriculum that
students study. Concurrent changes in tertiary
educational practice have seen an increased emphasis
upon outcome-based education (Davies, 2003), with
student-centred, active-learning and constructivist
pedagogies; which, in the context of veterinary
education, translates into a greater emphasis on
practical skills versus detailed theoretical
knowledge, extended clinical teaching in the latter
stages of the program, inclusion of clinical activities
through all stages of the program, and a greatly
increased emphasis on learning in the aﬀective (e.g.
communication, professionalism) and psychomotor/
technical domains (Dale et al., 2008).
The ﬁnal major contribution to the need for a
comprehensive review of the BVSc program was the
review of the Performance of Veterinary Services
(PVS) of Sri Lanka by the OIE. That review included
recommendations for changes in veterinary services,
which would need to be underpinned by changes to
veterinary education. As a follow-up of this
evaluation, the OIE facilitated UP and Massey
University, New Zealand, to embark on an ambitious
veterinary twinning partnership. This paper reports
the process of curriculum review that was followed,
and describes the key features of the new curriculum
that was developed through that partnership.
PROCESSES AND METHODS
The program was funded by the New
Zealand Aid Program administered by the New
Zealand Ministry of Foreign Aﬀairs and Trade. It was

approved and endorsed by OIE under their Veterinary
Education Twinning Program (OIE, 2013). There
were ﬁve key steps in the process of curriculum
review and revision:
1. Determining the governance structure
2. Developing needs assessment and selfevaluation reports
3. Developing the graduate proﬁle and Day-1
competencies of the BVSc degree program
4. Deﬁning the speciﬁc aims of curriculum
review and revision
5. Designing the curriculum
1) Governance structure
Governance of the OIE twinning program
was through a committee that comprised the Deans of
the veterinary faculties, OIE delegates and
stakeholders of the relevant government ministries
from Sri Lanka and New Zealand, and the Project
Manager.
Governance of the development of the
curriculum was through the Faculty Board of the
FVMAS. The Board appointed a Curriculum
Revision Committee (CRC), and charged it with
terms of reference and a timeline of completion. The
CRC reported progress to the Faculty Board on a
regular basis.
2) Developing needs assessment and self-evaluation
reports
In order to identify the expectations of
veterinary graduates by animal owners and the
veterinary profession in Sri Lanka, a series of
'stakeholder' consultations were undertaken.
Selected stakeholders included representatives of
livestock and allied industries, farmers, veterinarians
(including private practitioners, government
veterinarians and recent graduates) and senior
veterinary students. Key ﬁndings for the curriculum
review were excessive factual content and limited
practical and problem-solving content in the
curriculum resulting in the production of graduates
with inadequate practical, problem-solving, and
diagnostic skills. Further, changing patterns of
employment towards the companion animal sector
needed to be reﬂected in the curriculum, whilst more
competence and conﬁdence with farm animals was
needed.
The academic staﬀ of the FVMAS
concurrently created a Self-Evaluation Report (SER)
of the BVSc, based upon the accreditation criteria of
the Australasian Veterinary Boards Council (AVBC,
2016). This report covered most aspects of the
activities of the FVMAS, including its physical
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infrastructure, caseload, staﬀ proﬁle, curriculum and
assessment, student management, and research
proﬁle. The SER was used as the basis of a gap
analysis to provide a guide to the FVMAS of areas in
which development or investments were needed.
Areas of strength were the qualiﬁcations of the
teaching staﬀ, and the overall research capability of
the faculty. Areas of weakness included low clinical
caseload and lack of ready access to livestock. An
inventory of physical infrastructure that would need
development to support a revised curriculum was
also identiﬁed.
3) Developing the program learning outcomes of
the BVSc degree program
The FVMAS, again in consultation with the
stakeholders of the veterinary profession in Sri
Lanka, developed a series of competencies required
of veterinary graduates. The process of stakeholder
consultation was rigorous, with meetings with many
individuals and groups, and with iterative
progression in the development of the competencies
in response to feedback upon successive drafts.
Overarching these discussions was the 'graduate
proﬁle' of the UP comprising the general
competencies of any of its graduates. The curriculum
also had to meet the requirements of the Sri Lanka
Qualiﬁcations Framework (SLQF; Ministry of
Higher Education, 2012). The abovementioned
sources of input were used to design the Graduate
Outcomes (GOs) and Day 1 Graduate Competencies
for the degree, or, in other words, to deﬁne the
knowledge, skills, competencies and professional
behaviour of the veterinary graduates. In the next
phase of the process, these outcomes had to be
formally mapped to the content and assessment of
each unit of study as well as to the program overall.
I m p o r t a n t l y, a s t h e s e o u t c o m e s i n c l u d e d
competencies in professional and technical skills,
appropriate teaching and assessment methods for
such non-cognitive learning also had to be
incorporated into the mapping process (excerpts
from the mapping of one course are provided in
Annex 1).
4) Deﬁning the teaching and learning environment
Faculty and stakeholders also identiﬁed that
a revised curriculum needed to be aligned with the
instructional principles of modern veterinary
curricula. These included reducing the load of
formally-instructed content, increasing the

emphasis on the professional behaviour and
technical/manual skills, use of outcome-based,
student-centred instructional approaches, whilst
ensuring constructive alignment of topics,
contents, objectives, teaching and learning methods
and assessments. Contextualisation was to be
emphasised, particularly by ensuring integration
between diﬀerent academic disciplines and between
academic and clinical disciplines. Engagement,
particularly with livestock, was to be promoted by
ensuring that students have clinical exposure and
access to handle animals from the ﬁrst semester of
the program.
Clinical instruction was to be improved by
extending the program by two semesters that could be
used entirely for clinical work. Doing so would also
make better use of the available clinical caseload,
which was underutilised; and would also allow for
more systematic planning of students' clinical
activities.
5) Designing the curriculum
It is widely recognised that veterinary and
medical curricula have to be designed 'backwards'
from the GOs of a program into the speciﬁc content
that contributes to those outcomes (Prideaux, 2003;
Hodgson and Ilkiw, 2017). Failure to do so inevitably
results in curricular drift and expansion, with
resultant factual overload, an imbalance between
theoretical and practical training, and assessment
overload (van de Mortel and Bird, 2010; Wilson et
al., 2012). The graduate proﬁle, Day 1 competencies
and program learning outcomes described above
were used to create a template from which the titles,
course learning outcomes, teaching and learning
activities and assessment activities of each course
that would make up the new program were derived.
The ﬁnal design elements that overarched
the development of the content of the curriculum are
shown in Table 1. In addition, the CRC used the
SLQF norms (Ministry of Higher Education, 2012)
for calculating student workload, and for balancing
hours allocated for lectures, practical classes,
student-centred learning and self-study, and
assessment. Teaching and learning activities were not
only to be formally aligned with learning outcomes,
but both also had to be formally aligned with
assessment activities in terms of content and
assessment methodology.
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Table 1: Key areas of development for the BVSc curriculum at the University of Peradeniya
Intended developments

Adoption in the curriculum
Adopt OIE Day 1 veterinary competencies in framing
program learning outcomes.
Adopt outcome-based education, supplemented with
tools such as problem-based learning and studentcentered pedagogies and assessments.
Extend the BVSc program to ﬁve academic years to
accommodate abovementioned alterations and to align
with international benchmarks for undergraduate
veterinary degree programs.

Introduce an additional ﬁnal year devoted for clinical
training and outbound externships.
Introduce problem-based learning sessions as an
'Integrated Veterinary Sciences' spine which runs
throughout the theoretical instruction in Years 1-4 of the
program.
Introduce animal production courses early in the
curriculum and oﬀer production and health as integrated
courses.

Strengthen training in livestock economics, business
administration, human resource management and
veterinary extension.
Introduce a program on professional studies.
Strengthen key courses of interest to government
veterinary services, particularly veterinary public
health, epidemiology and statistics.
Adopt international best practices and standards and
seek international accreditation, i.e. extension of the
degree program to 10 semesters including a 'lecturefree' ﬁnal year dedicated for clinical work.
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RESULTS
Overview of revised curriculum
An overview of the new curriculum is shown
in Figure 1. The duration of the program has been
increased from 8 semesters to 10 semesters, and
content-based teaching will be completed by the end
of Year 4, so that Year 5 can be devoted entirely to
'hands-on' clinical learning. In accordance with the
expectations of the SLQF, there has been a signiﬁcant
net reduction in lecture-based material and a
commensurate increase in practical material. The

curriculum has largely retained a progression from
pre-clinical subjects through para-clinical subjects to
clinical subjects, although there are now introductory
clinical courses from Semester 3 (Year 2) of the
program. Related subjects have been brought
together and, as far as possible, integrated. Thus, the
disciplines of anatomy and physiology have been
conjoined into a single course, infectious diseases
have been brought into close alignment, clinical and
gross pathology aligned, and systems pathology
aligned with systems medicine.

Figure 1. Revised and approved curriculum for the new BVSc degree program.
IVS: Integrated Veterinary Sciences (problem-based learning)

The distribution of teaching of clinical
disciplines throughout the program has undergone
major changes. After two early courses that deal with
clinical examination, clinical pathology and the
underpinning 'ologies' (anaesthesia, imaging,
principles of surgery), medicine and surgery have
been amalgamated on a systems basis, using
companion animals as the 'type' species.
The livestock/food animal curriculum has
undergone an even more radical change. To meet the
aspirations of the CRC to achieve early and on-going
engagement of students with food animals, there are
courses in the basics of animal husbandry and
management systems from the ﬁrst semester of the

program which, importantly, contain substantial
elements of farm visits (including smallholder farms)
and animal handling. Thereafter, in Year 2, there are
courses that cover aspects of animal science that
pertain to veterinarians, followed by species-based
course in food animal health and production. It was
decided that species was a more appropriate basis
upon which to structure food animal health teaching
than the body-system basis that was used for
companion animals. The ﬁnal two semesters of
formal instruction on livestock (Semesters 7 and 8)
contain capstone courses on the health and
production of farmed aquatic and poultry species.
Horses, as a relatively minor species in Sri Lanka, are
also covered in a similar capstone course.
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The aspiration for integration between the
various disciplines that compose the program has
been addressed through formal processes of
horizontal (i.e. within an academic year) and vertical
(i.e. between academic years) alignment. To better
formalise the process, each semester contains a short
'Integration' course, taught by classical problembased learning pedagogies, in which students apply
basic scientiﬁc principles on solving complex
clinical problems. These problems are tailored to the
stage of the program, and, particularly in Years 1 and
2, are designed to create clinical relevance for the
preclinical material.
The program as a whole was aligned with the
Day 1 competencies of the OIE (OIE, 2012).
Wherever possible, the learning outcomes associated
with these competencies were incorporated into
discipline-based courses. For example, zoonotic
diseases were largely embedded within the infectious
disease courses. Other OIE competencies ﬁtted less
well within such structures, so the revised program
contains speciﬁc courses on epidemiology,
biostatistics and veterinary public health/food
hygiene.
Orientation program, English language and
professional skills
Lack of synchrony among diﬀerent 'batches'
(cohorts/years) of students had been a long-standing
cause of diﬃculty for the BVSc program. This has
emanated from the lack of consistency in the dates of
registration of new entrants by the University Grants
Commission (UGC) from year-to-year. A decision
was taken to ﬁx the date of commencement of
Semester 1 every year (and, hence, of all other
semesters thereafter) by allowing the duration of the
orientation program (pre-vet courses) to be ﬂexible.
Non-GPA English language-courses are provided
during the orientation program and ﬁrst two
semesters, with the objective of enhancing students'
general and technical English skills so that those who
did not have their secondary education in the English
medium can cope with the language demands of Year
1 teaching.
Socialisation into the veterinary profession is
further developed through formal Year 1 courses in
'Professional Studies' and through a thread of related
material that is interweaved through the subsequent

theoretical, practical and clinical courses. Professional
Studies covers material as wide-ranging and diverse
as client communication (an OIE requirement: OIE,
2012), interpersonal skills, self-care and professional
ethics. Veterinary business skills, although a 'subset' of
professional studies, was allocated its own course in
Year 4 of the program.
Clinical skills
The most profound changes have taken place
in clinical rotations. In the present curriculum,
students work in the university's veterinary clinics for
½ to ¾ of each day during the second semester of Year
4 (only) of the program, and at irregular times
elsewhere. This arrangement did not allow either the
caseload presented to the Veterinary Teaching
Hospitals (VTHs) or that available through the Farm
Animal Ambulatory Clinic (FAAC) roster, to be
properly used for teaching, resulting in inadequate
hands-on clinical exposure. In order to improve
students' clinical skills at graduation; hence, an
ambitious ﬁnal year program was devised that would
be spent entirely in clinics. Students will work full
days in the clinics and be on roster for out-of-hours
emergencies, weekend work, etc., under the direction
of clinical staﬀ. Small animal clinical exposure will
be augmented by elective placements in high-quality
private clinics. Likewise, the food animal rosters will
include the existing FAAC, a reinforced equine
roster, and placements in the various intensive
livestock industries (Figure 2). Placements in
industry were desirable to ensure that graduates were
familiar with all of the species of importance to
livestock farming in Sri Lanka, some of which were
either not readily available to the FAAC or were not
accessible in the context of commercial farming
practice. Meetings held with key enterprises in the
pig, poultry and dairy industries were met with
enthusiastic oﬀers of placements for students within
those industries. Hence, compulsory externships will
take place on poultry and dairy farms, under the
direction of supervising veterinarians: who, by
intention, will have been trained in the principles of
teaching and assessing Workplace Integrated
Learning. Learning outcomes have been developed
for each rotation, primarily to ensure that each
student has undertaken (at least) the minimum
procedures and activities that are deﬁned for the
program: i.e. that each student has achieved a deﬁned
minimum of clinical and procedural capability.
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Figure 2: Clinical rotations for Year 5 of the BVSc degree program. Rotations are in two- or one-week
blocks, as illustrated
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Decompressing teaching hours
One of the major objectives of the
curriculum review was to 'decompress' the teaching
program. By adding an extra year to the revised
program, an additional 30 weeks of teaching
(equivalent to approximately 1,200 hours) became

available, allowing the excessively compressed
th
clinical teaching to be spread over the entire 5 year,
th
in turn freeing up time in the 4 year. The changes to
the allocation of time to diﬀerent teaching modalities
subsequent to this decompression program are
summarised in Table 2.

Rather than allowing teaching time in Years
1-4 to expand to ﬁll the newly-available time, there
was a concurrent rationalisation of content and
teaching methodology. Content volume was
managed primarily by ensuring that only that content
was included which is directly aligned to learning
outcomes. Additionally, material that was obsolete,
redundant or unintentionally repeated in diﬀerent
courses were identiﬁed and omitted. Consistent with
the intention of the CRC to move the program from
passive to active learning, a great deal of lecture
content was replaced with active learning methods
such as tutorials, discussion and problem-based
learning. The net result of these changes was a
reduction in the total lecture time by nearly 900 hours
(55% reduction), while increasing active learning
time by over 400 hours (262% increase). Together,
these resulted in a reduction of classroom-based
teaching of over 400 hours. Some of this time was
used for practical/ﬁeld work teaching, but, again,
redundant or low-value practical teaching was also
eliminated, resulting in a cutback in such teaching.
The major beneﬁciary of this paring back of teaching

time was clinical teaching, which increased from
about 640 to 1500 hours (88% increase; Table 2).
The opportunity was also taken to align the
allocation of face-to-face teaching hours and selfstudy hours with the guidelines of the SLQF. Brieﬂy,
these guidelines stipulate minimum ratios of selfstudy to teacher-student contact hours, and formal
acknowledgement of the self-study time that students
have to devote to assessment activities. In the
previous curriculum, 74% of the timetable was
contact time, leaving only 26% of the timetable hours
for independent learning activities. In the new
curriculum, even when the increase in clinical
teaching is taken into account, there is 35% more
timetable hours available for independent learning
than in its predecessor.
Review and monitoring
Before the curriculum was advanced to the stage of
seeking formal approval by the UGC, it was ﬁrst
introduced to the Sri Lanka veterinary profession in
workshops held in Peradeniya. There was a high level
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of acceptance of the new program expressed by the
participants at those workshops, accompanied by
suggestions of how the proposed content could be
improved by minor modiﬁcations. Where feasible,
these were addressed in the ﬁnal draft of the
curriculum.
Introduction of a new curriculum requires
formal processes for its monitoring and modiﬁcation
during the period of its implementation. Each course
is, for the ﬁrst three years of their delivery, being
monitored through student-facing mechanisms such
as feedback surveys and university-facing
mechanisms such as pass rates and progression rates.
It is intended that, if these processes, or reﬂections
by academic staﬀ, identify areas that need
remediation, such modiﬁcations will be made.
DISCUSSION
Recent years have seen rapid evolution of the
range of employment opportunities for veterinarians,
including traditional areas of practice and
government service, as well as a wide range of nontraditional roles at national and global levels
(Pritchard, 1988). In Sri Lanka, new areas of
veterinary services include wildlife and zoo animals,
aquaculture and poultry, dairy self-suﬃciency, and a
burgeoning veterinary public health sector.
Emergence and re-emergence of endemic and
transboundary animal diseases and zoonoses has
necessitated capacity building in animal disease
diagnosis and surveillance (Hinchcliﬀe, 2015).
Further, rapidly expanding poultry (Schwabenbauer
and Rushton, 2007) and dairy (Ranaweera, 2007)
sectors, with more commercialization, have
demanded veterinary manpower services with many
complementary competencies such as human
resources and business management, extension,
information technology, communication, marketing
and public relations (Burt, 2017). Concurrently, all
veterinary schools worldwide have become
mandated to comply with the prescriptions of the OIE
for veterinary education (OIE 2013).
The present review process has attempted to
address these changes to the veterinary profession in
Sri Lanka. Curriculum review is a many-facetted
activity, that not only requires the garnering of
expectations of traditional and non-traditional
stakeholders of veterinary services, but also those of
educationalists, national and international regulators
and the students themselves. Hence, the present
review started with widespread consultation amongst

the Sri Lankan veterinary profession and other
stakeholders to identify areas in which changes were
needed to complement competencies displayed by
veterinary graduates. This step between the
collection of stakeholders' commentary and the
development of curriculum content is arguably the
most critical to the entire review process. Thus, the
key design activity of modern veterinary curricula is
planning its contents to ensure that graduates have
achieved the knowledge, skills, competencies and
behaviours that are required for entry to the
profession. In other words, GOs have to be deﬁned
(Bok and Jaarsma, 2017), and thereafter a blueprint
for the content is created from those GOs (Newble et
al., 2005; Inzana, 2017). The GOs that underpin the
revised curriculum present in this paper are available
in full at
https://vet.pdn.ac.lk/siteﬁles/Handbook_2020.pdf
(p.25).
Use of these GOs allowed the revised
curriculum to break out of the mould of traditional
veterinary curricula, which are largely limited to the
cognitive domain ('knowledge'), taught on a
discipline-by-discipline basis, progress from 'basic
science' through to clinical, and use clinical caseload
in a largely unplanned manner (i.e. teaching is based
on 'what walks through the door'; Harden et al., 1984;
Parkinson, 2017). The learning domains are largely
related to replicative knowledge ('knows that'). By
contrast, more modern veterinary curricula give
greater emphasis to the aﬀective (professional and
personal behaviours) and psychomotor (technical
and manual skills) domains, integrate material
between disciplines at the point of delivery,
endeavour to achieve clinical engagement from the
earliest stages of the program, and have planned
clinical exposure to ensure that all identiﬁed core
clinical competencies are covered during the
program. Learning domains are likely to be at the
higher orders of learning taxonomies (Miller, 1990;
Anderson and Krathwohl, 2001). A key component
of modern curricula is that they generally devote at
least one year of study to practical clinical
instruction, in authentic clinical workplaces such as a
teaching hospital or veterinary clinical practices.
The existing curriculum was identiﬁed as
being overloaded in terms of student workload,
contact teaching hours and assessment. The lack of a
mechanism to identify repetition, overlap and
excessive detail contributed signiﬁcantly to this
overload. Students exhibited most of the hallmarks of
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learners who have teaching and assessment overload,
such as shallow learning, short-term retention of
material and an emphasis upon the display of
replicative knowledge rather than problem-solving
and synthetic skills (Biggs and Tang, 2011). It was
clear to the CRC that reduction of factual overload
was necessary to improve learning and retention of
information. Managing these factors became feasible
once clear GOs had been identiﬁed and curriculum
blueprinting had been undertaken. In that way, the
CRC could ensure that all courses had fullyarticulated constructive alignment of topics,
contents, objectives, ILOs, teaching and learning
methods and assessments (Danielson and Hecker,
2017) with the GOs. Perhaps even more importantly,
the FVMAS had identiﬁed the need for a change in
the overall pedagogical environment of the program:
which should be an outcome-based, student-centred,
constructivist approach to the curriculum.
The decision to increase the duration of the
program from 8 to 10 semesters (i.e. to allow an
entirely clinical ﬁnal year) was pivotal. The decision
was demanding upon both the FVMAS staﬀ and the
MU twinning partners, as it was by no means certain
whether the Faculty would be able to do so. Indeed,
many alternatives or half-way-houses were discussed
en route, before it was recognised that it would be
diﬃcult to meet all (or indeed any) of the other
aspirations for the revised program without doing so.
In the end, the FVMAS persevered with seeking the
additional teaching time and, once that decision was
made, and the requisite permissions from the
university and higher education authorities were
attained, the key tenets of the review (i.e. curriculum
'space' and a clinical, lecture-free ﬁnal year) could
progress.
There were, of course, many challenges to
providing the clinical material to sustain an entire
year of clinical teaching. Caseload in both the
companion animal VTH and the FAAC could provide
for much of the teaching requirements, but there were
areas that they could not sustain. Thus, the primary
accession caseload of the VTH was adequate, but the
caseload of more complex material was not.
Likewise, the FAAC could provide caseload from the
local livestock sector, but not in intensively-farmed
species or aquaculture. The CRC decided to seek to
augment its own clinical resources by seeking access
to privately-owned, specialist small animal practices,
and to livestock industries and the clinical activities
of the government's Department of Animal

Production and Health. Similar issues are commonly
encountered by veterinary schools, and using a
'mixed' model, in which clinical teaching is partly
delivered through the VTH and partly delivered
through contractual or informal relationships with
non-university clinical services, is widely recognized
as the means of providing adequate clinical caseload
(Parkinson, 2017). Presentation of these proposals to
the veterinary profession has been met with a high
level of willingness to participate in clinical teaching
of the extended ﬁnal year.
CONCLUSION
The BVSc curriculum at UP has been
reviewed during an OIE-endorsed twinning program
between the University of Peradeniya and Massey
University. The review was underpinned by an
extensive program of consultation with the veterinary
profession and other stakeholders and users of
veterinary services in Sri Lanka. The content of the
revised program has been based upon a set of
'graduate outcomes' that were derived from these
consultations: these have taken into consideration not
only the knowledge that is required of a veterinary
graduate, but also the problem-solving and technical
skills, as well as the professional behaviours and
attributes that such graduates need. Content revision
has aimed, as a minimum, to meet the OIE Day-1
competencies, whilst more broadly aiming to equip
graduates for the demands that will be placed upon
the profession in Sri Lanka for the next 20 or so years.
Pedagogical revision has been based upon current
best practices in veterinary medical education
worldwide, and the revision of clinical teaching has
aimed to draw upon the breadth of clinical resources
that are available throughout the country.
Presentation of the curriculum proposals to the
veterinary profession and its stakeholders has been
met with a high level of assent, including willingness
to participate in clinical teaching of the extended ﬁnal
year. The hope of the FVMAS is that this review will
equip the next generation of veterinary graduates to
meet the needs of the animal owners of Sri Lanka and,
hence, for the Sri Lankan veterinary profession to be
recognized as one of the most outstanding in the
region (Wijayawardhane et al., 2020).
Note on implementation
The curriculum described in this paper was
launched in January 2020, to a cohort of around 100
students. The students were thoroughly briefed on the
changes that had been made and of the expectations of
the faculty for the new curriculum during the
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(extended) pre-vet part of the program. Academic
staﬀ had, as well as their integral involvement with the
design process, been provided with a lengthy training
program in the pedagogical methods that were needed
to underpin the curricular changes (see McIntyre and
Parkinson, 2020 for details). Concurrent changes to
physical teaching infrastructure are further
underpinning implementation of the new curriculum,
although they are beyond the scope of the present
paper.
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