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Zoonotic transmission can occur either in contact with animals or consumption of animals, animal 

products, or animal derivatives. Zoonotic studies are interesting because of the existence of 

unrecognized diseases or due to virulence in population lacking immunity. Hanta is a globally emerging 

group of virus which causes varying syndromes in Humans. The article Hanta Virus Infection has 

highlighted the disease and its origin. Cryptosporidiosis: An Emerging Zoonotic Infectious Threat is 

another article of zoonotic importance, caused by a protozoan parasite.   

Rumen acidosis is a disorder of rumen in ruminants that cause many health problems in animals. The 

article Subacute Ruminal Acidosis in Cattle has given elaborate information and concludes that its 

detection and prevention is challenging. This article suggests dietary management to help in reducing 

the problem.

Large animal section contains articles Ultrasonographic Diagnosis and Treatment of Follicular Cyst in 

Kankrej Cattle and Pervaginal Delivery of Arthrogryposis and Hydrocephalus Foetus in a Primiparous 

Heifer. 

Pantja: Tarai Goat Breed of Uttarakhand and Artificial Insemination in Goats: Techniques and Factors 

Affecting Fertility are two interesting articles of importance in Grazers and Browsers section.

Milford Veterinary Clinic (MVC), USA, has been a regular contributor of articles dealing with Canine and 

feline veterinary practice. In this issue, MVC brought forward their experiences in handling various 

issues. In case of canines, MVC presents the articles dealing with Radio-Ulnar Ischemic Necrosis 

(RUIN) in a Spayed Female German Shepherd and V-Plasty Surgical Ablation of Lower Eyelid Margin 

Tumor in Dog. MVC also reviews the Feline Triaditis namely Cholangiohepatitis, Pancreatitis and 

Inflammatory Bowel Disease. The article highlights the management of these diseases. We hope these 

examples will be beneficial for pet practitioners.

Atopic Dermatitis is an allergic skin disease in dogs. The article Recent Approaches in Diagnosis and 

Management of Canine Atopic Dermatitis, discusses the end-to-end of Atopic Dermatitis.

General Articles Section brings forth seasonal stress factors affecting production and reproduction in 

dairy animals in the article Effect of Stress on Dairy Animals. The articles Formulation and Delivery of 

Vaccines in Wildlife: A review, signifies importance of vaccination of wildlife especially the endangered 

species to save their lives from deadly infectious diseases and Intellectual Property Rights for Animal 

Genetic Resources in India gives a brief idea on the rights in India and the world. The article Microbiome 

Signature on Dairy Animals details about the recent approach to treat the disease condition.

Enjoy Reading! Stay Safe!! Stay Happy!!!

From the Editor’s desk



Dear Patrons,

Greetings!!

Coming out from a tough year 2020, year 2021 appears to be even tougher with the SARS-COV2 

virus changing its nature. India and the World is facing the worst of times with COVID-19 at its 

peak of 2nd Wave. In these hard times, community support and our experience of 2020 is handy 

in dealing with the current scenario albeit with abundant caution.

Vaccine manufacturers and the Government of India are running against time to ensure 

continuous production of COVID vaccine alongside looking for opportunities of enhancing the 

manufacturing capabilities across the country. IIL, on its part, is actively pursuing the vaccine 

manufacturing for COVID19 in two ways: 1)  Augmentation of capacities for vaccines already 

developed by existing manufacturers e.g., Bharat Biotech, 2) Technical Collaboration with Griffith 

University, Australia for IIL’s own vaccine;

We are optimistic that IIL, India and the World will be back to normal by end of 2021.

Warm Regards

Dr K Anand Kumar

Managing Director’s Message
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Introduction

At present, mankind is facing the threat of 
increasing outbreaks of infectious epidemics, out of 
which majority of the diseases are zoonotic. 
Emerging viral epidemics are being reported from 
different parts of the globe. Emerging diseases are 
those which were previously unknown, that caused 
an outbreak or known infectious diseases whose 
incidence has increased or cause uncontrollable 
persistent infections. One such globally emerging 
group of viruses includes Hanta viruses which 
cause varying syndromes in humans. Hanta viruses 
are RNA viruses which belongs to the genus 
OrthoHantavirus in the family Hantaviridae and 
order Bunyavirales. They are referred to as newly 
emerging viruses, and have been reported to have 
caused illness during the American Civil war times.  
The virus was first isolated during the 1970s from 
the tissues of field mice near the Hantaan River in 
the Republic of Korea. The disease is asymptomatic 
in rodents which harbor the virus, but can cause 
clinical signs in humans. In humans two important 
syndromes have been reported, i.e., Haemorrhagic 
Fever with Renal Syndrome (HFRS) and 
Hantavirus Pulmonary Syndrome (HPS). Severity 
of the disease varies wherein it can cause mild 
illness with complete recovery or severe syndromes 
which can cause a case fatality rate up to 30 per 
cent or even higher. 

Etiology

Hanta viruses are antigenically, genetically and 
epidemiologically related to Bunyaviridae. Other 
members of this family like Bunyavirus, Nairovirus, 
Tospovirus and Phlebovirus are arthropod borne 
viruses except for Hanta virus. The virus particle is 
spherical with a diameter of 80-110 nm (1).The virus 
is enveloped with negative-strand ribonucleic acid 
wherein the genome is three-segmented.The three 
segments are denoted as L, M, and S which are the 
large, medium, and small single-stranded RNA 
genomes, respectively. The viral RNA polymerase, 
the glycoprotein and the nucleocapsid protein are 
encoded by S, M, and L segments respectively (2). 
Even though many of the Hanta viruses are 
unclassified, almost 40 Hanta viruses are identified 
out of which 22 are found to be zoonotic. These 22 
viruses are transmitted to humans wherein rodents 
act as the reservoirs. 

From the different outbreaks that has occurred in 
different parts of the world it is seen that the two 

clinical syndromes are caused  by different viruses 
and those which cause HFRS rarely causes HPS 
and vice versa. In Europe, a mild form of HFRS is 
reported and is referred to as nephropathia-
epidemica (NE). Few important viruses which 
cause HFRS include Hantaan, Seoul, Tula, 
Thailand, Thottapalayam, Bowe and Sangassou 
viruses Puumala, Amur-Soochong, Dobrava-
Belgrad and Gou viruses. The viruses that cause 
HPS include Sin Nombre, Andes, Laguna Negra, 
Black Creek Canal, Bayou, Cano Delgadito, Choclo 
etc and variants of some of these viruses. Puumala 
virus or the Saaremaa variant of Dobrava-Belgrade 
virus is implicated to cause nephropathia-
epidemica(3).

Phylogenetic studies have revealed three main 
lineages. Old World lineage is associated with those 
viruses which cause HFRS whereas HPS causing 
viruses has a common New World lineage.Viruses 
belonging to New World lineage are linked to a 
single rodent subfamily Sigmodontinae (4). It was 
found from serological studies, genetic evaluation 
and association between host and reservoir that few 
of these sigmodontine-derived viruses are 
independent species. Other species are still under 
evaluation for its classification and assortment. The 
viruses isolated from Europe and Asia are included 
in the Old World Hanta viruses which include 
Puumala virus (PUUV), Dobrava–Belgrade virus 
(DOBV), Hantaan virus (HTNV) etc. The New World 
Hanta viruses are found mostly in America which 
commonly comprises of Sin Nombre virus (SNV) 
and Andes virus (ANDV), and Choclo virus (CHOV) 
etc. Human to human transmission has been 
reported only in the case of Andes Virus.

Epidemiology

Hanta viruses have worldwide distribution, in which 
the known reservoirs include rodent, insectivores 
like shrews, moles etc, and bats. Generally each 
species of Hanta virus is associated with a single 
reservoir host species. Therefore the distribution of 
the virus in a particular geographical area is directly 
linked and restricted by the specific host species. 
Long-termcoevolutionary relationship between host 
and viruses is supported by the high association 
between host and viral phylogenies. From the 
numerous reports it has been found that several 
members of the same genus of host species can be 
infected with the same virus. This is related to the 
possibility of high rodent density, spillover 

Hanta Virus Infection

Anugraha Mercy Easaw and K Vijayakumar
Dept. of Vet. Epidemiology and Preventive Medicine, College of Veterinary and Animal Sciences, Mannuthy, Kerala.
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transmission and increased chances of 
interspecies encounters (4).

The viruses affecting the Western hemisphere 
usually cause HPS, with the exception of Seoul 
virus (SEOV). Even though other viruses prevail in 
these geographical areas, Sin Nombre virus causes 
disease in North America and in South America 
Andes viruses are seen to cause the disease. In the 
Eastern Hemisphere, Hanta viruses are associated 
with HRFS. These include Dobrava-Belgrade and 
Puumala viruses in Europe, and Hantaan, Amur-
Shoochong, Gou, Thailand and Thottapalayam 
viruses in Asia, Seoul and Tula virus in Europe and 
Asia, and Sangassou, Bowe and Uluguru viruses in 
Africa. Even though seropositive rodents have been 
identified in Australia, no evidence of disease has 
been reported in Australia. Other animals, like non-
human primates, dogs, cats, horses, cattle, etc can 
be incidental hosts and are found to have antibodies 
to Hantavirus. Hantaviral antigens have been 
isolated from avian species including passerine 
birds, owls, herons and doves. Experimental 
infection in pigs has also been reported in China. 

The occurrences of human cases are associated 
with rodent densities, seasonal fluctuations and 
human activities with high risk of exposure to 
rodents. Epidemic years are linked to favorable 
climate and high yield of seed crops leading to 
increasing number of rodents. This is attributed to 
increased breeding and rate of survival of rodents. 
HPS is reported during late spring or early summer 

whereas HFRS peaks during agricultural activities 
during spring and fall. Reports worldwide estimates, 
150,000 to 200,000 humans to be hospitalized with 
HFRS annually(3). Majority of these cases are from 
Asia followed by Europe and Russia. HPS is more 
frequently reported in South America as compared 
to North America and Canada with 11-50 cases 
reported in the United States and 0-13 cases in 
Canada annually. Probably due to under reporting 
and under diagnosis, clinical cases are rarely 
identified in Africa. Severity of cases varies with the 
clinical manifestation, the viruses causing the 
disease and the health care facilities provided to the 
affected individuals. Case fatality rates (CFR) have 
reduced remarkably over the years due to early 
detection and supportive therapy. HPS is more life 
threatening than HFRS with a CFR of 25% to 40% 
for most viruses.The CFR for HFRS varies with 
viruses, for example Puumala virus causing 
nephropathiaepidemicahas a CFR < 0.5% to < 1%, 
1-2% in case of Seoul virus and 5% by Hantaan 
virus. Seroprevalance is seen in many countries 
wherein people are asymptomatic or have a mild 
form of the disease (5).

Hantaviral infection in India

The virus isolated from India is the Thottapalayam 
virus which was isolated from the spleen of non 
rodent, house shrew in 1964. This was collected 
during studies on Japanese Encephalitis in Vellore, 
South India. Researchers found prevalance in 
individuals wherein they found both healthy blood 

Geographical representation of hantaviral disease incidence by country annually. Courtesy of
Douglas Goodin, Kansas State University.
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donors and individuals with febrile illness had 
antibodies to Hanta virus (anti- HV IgM).  Another 
study has revealed high levels of Ig G titre in the risk 
group compared to healthy blood donor group (the 
control group). Individuals with nephropathies in 
South India, like in Cochin and Chennai mimicking 
leptospirosis were found to have 12% SEOV-
positive antibodies and 5% PUUV-positive 
antibodies(6).This shows the possibility of 
asymptomatic and symptomatic illness in the south 
Indian population. Other important reports of HV 
cases include outbreak in Irula community, Vellore 
in 2008 affecting 28 individuals in the community 
and in Mumbai 2016, a case of pulmonary 
haemorhage was confirmed as a case of HV 
infection. In the past two decades multiple cases 
with ocular involvement, HV infection in conjunction 
with tuberculosis with renal involvement, 
postpartum HPS from different parts of the country 

has been reported. Molecular studies from India 
have aided in identifying isolated cases of Hanta 
viral infection and reveal the ongoing scenario in the 
nation.

Transmission

In reservoir hosts, the transmission is by direct and 
aerosol route, especially when there is close 
contact during grooming, fighting and eating food. 
Viruses are shed by rodents in saliva, urine and 
faeces, and these rodents can be infected for a 
lifetime. Arthropod borne transmission is not well 
established. Mites were found to be potential 
vectors naturally and experimentally. Dependent 
upon different factors like temperature, humidity, 
organic matter and exposure to sunlight, the virus 
can persist in the environment for few days to weeks 
together.

Humans acquire the infection from direct contact 
with infected reservoir hosts or by contact with their 
excreta. Inhalation of aerosolized dust from rodent 
excreta including urine, droppings or even nests 
disturbed is one of the most common causes. Other 
routes of transmission include exposure of virus via 
broken skin or mucous membrane, rodent bite and 
even by ingestion. No reports of vertical 
transmission are by far reported, but possibility of 
transmission of virus via breast milk was identified 
in South America. Horizontal transmission in 
humans has only been reported in case of Andes 
virus even though in cases of HFRS Hanta viruses 

were isolated from urine and blood. Nosocomial 
transmission has not been reported in case of viral 
Hanta infection(4).

Pathogenesis

The virus is capable of affecting multiple organs, but 
the virus has predilection for kidneys or lungs 
endothelial cells and macrophages in both humans 
and animals. The clinical manifestations of viral 
Hanta infection are attributed to increased 
permeability of vascular endothelium and acute 
thrombocytopenia. The viral replication occurs in 
the vascular endothelium even though there is no 
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cytopathic effect. There is no acute viremia since 
there is slow viral replication which takes an 
average of 5-10 days. The persistent survival of 
viral particles allows the infiltration of inflammatory 
cells. The multi-organ injury is caused by infiltration 
of cells and response of the immune system to the 
viral infection. 

Hanta viruses infect the endothelial cells through 
different integrin receptors. The complete 
dissemination of Hanta virus is not completely 
understood, β-integrin receptors on the target cell 
membrane and viral proteins (Gn and Gc) have 
been found to interact with each other. These 
receptors on the immature dentritic cells aid in the 
spread of virus and acts as a vehicle to enter the 
endothelial cells via the lymphatics and then into the 
regional lymph nodes. The endothelial cells allow 
viral replication and hence activate the immune 
system particularly via macrophages and CD8+ T 
cells (7). There is also activation of delayed type I 
interferon response generated in response to 
higher pathogenic viral load. This intensifies the 
response of the infected host cells by producing 
inflammatory cytokine and chemokines which 
worsens the condition(8).Hence it can be 
concluded that the pathophysiology in case of viral 
Hanta infections is multifactorial, with a combination 
of multiple complex factors including disruption in 
the regulation and function of endothelial cell 
barrier, intense response from host immune system 
to the infection and platelet dysfunction.

In case of HFRS the incubation period is seen to be 
one to six weeks. Five phases of the illness in case 
of HFRS include febrile, hypotensive, oliguria, 
diuretic and convalescent. In cases of NE, there is 
more of a renal impairment than haemorhaggic 
syndrome. In HPS the incubation period is one to 
seven weeks, and the clinical manifestation 
involving the thoracic cavity with no haemorhaggic 
episodes or renal damage. The pathogenesis and 
clinical signs involved in case of Hantaviral infection 
is attributed to capillary leak. The virus is said to 
have affinity for the vascular endothelium but there 
is no cytopathic effect. The immune response to the 
virus includes activation of antigen differentiation 
cells and elevated level of cytokines which causes 
the different symptoms. Post mortem findings of 
fatal cases of HFRS show haemorhagges in 
visceral organs including kidney, pancreas, skin, 
meninges and pituitary gland. Retroperitoneal 
oedema and even pulmonary oedema has been 
reported. NE cases reveal signs similar to acute 
interstitial nephritis. In HPS, oedematous lung, 
pleural effusion and splenomegaly are consistent 
findings(9).

Clinical Signs

In Animals

The reservoir hosts do not have any overt disease 
and show no particular clinical signs. In affected 
wild mice and bats, there is reduced weight gain and 
survival rate and in experimentally affected infant 
rodents, neurological signs are exhibited (3). In 
certain species like, Syrian hamsters pulmonary 
and renal involvement was observed. Most of the 
adult rats and mice were asymptomatic. Other 
animals are said to be asymptomatic as well, except 
non primates wherein at times naturally and 
experimentally renal and pulmonary signs are seen 
which was reported in China.

In humans, the clinical signs in case of viral Hanta 
infection can include asymptomatic, mild signs 
including febrile illness, HPS and HFRS (3,10). 
Humans usually show either one of the clinical 
signs, but rarely HPS and HFRS can occur in a 
single individual.

HFRS

HFRS causes mild to severe diseases with the 
above mentioned five different phases in 
pathogenesis. There is an abrupt start of clinical 
signs with fever, headache, chills, prostration etc. 
Along with these signs, gastrointestinal signs like 
vomiting and abdominal pain are also reported. 
Nonspecific signs like congested mucous 
membrane, rashes over trunk and palate, 
photophobia are exhibited, and rarely temporal 
impairment of vision is observed. During the first 
phase, i.e., the proteinuric phase there is 
hypotension and in acute cases death is observed 
during shock. The proteinuric phase is followed by 
oliguria, later by polyuria when the kidney function 
improves. Death is common during the first two 
stages. Lung involvement is rarely observed, but 
not as severe as HPS, with mild symptoms of 
pulmonary damage and pleural effusion. 
Haemorhaggic signs like petechiae melena and 
haematuria are attributed to thrombocytopenia and 
are very common. Sequele vary from having 
complete recovery with normal kidney function to 
hypotension, chronic kidney disease, and 
permanent neurological condition. Recovery 
usually takes few weeks to months.

HPS

In HPS, lung involvement predominates and can 
cause high mortality. Initially, nonspecific signs like 
that of HRFS are seen as similar to the prodromal 
stage. Signs include cough, tachypnea followed by 
pulmonary oedema and hypoxia. Rarely cardiac 
signs are seen, and following this cardiopulmonary 
phase, condition of the patient deteriorates. Signs 
similar to HRFS related to thrombocytopenia, renal 
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damage and neurological signs are reported. 
Recovered cases usually possess full lung 
capacity.

Some Hanta viruses cause mild illness with clinical 
signs similar to that of the prodromal stages of 
HFRS or HPS with no specific signs of the two 
conditions. Fever of unknown origin is linked to 
Hantaviral infection. Pulmonary involvement can 
occur in rare conditions with no abnormalities 
observed in radiography. 

Diagnosis

Hantaviral infections are diagnosed by clinical and 
epidemiological data and laboratory tests. The 
clinical manifestations include high fever, 
headache, malaise, myalgia, body pain and 
increased hypotension. The major pathological 
findings include thrombocytopenia, leucocytosis, 
elevated serum creatinine, albuminuria and 
haematuria. Many at times the affected individuals 
might be asymptomatic or would only have mild 
symptoms which make it difficult to solely rely on 
clinical and pathological findings. Hence laboratory 
tests are employed for early and accurate detection. 
At the beginning of infection the viral proteins of 
Hanta viruses (Gn, Gc and N) initiates production of 
IgM antibodies, which are identified by laboratory 
tests. Specific IgM or rise in the IgG titer aids in 
diagnosis, since the antibody titers can be detected 
when the clinical signs have started. Serological 
tests such as ELISAs, immunofluorescent antibody 
tests and immunochromatographic tests are 
commonly employed. ELISA tests are used to 
detect IgM antibodies in the acute phase of the 
disease which could persist for 3-6 months and IgG 
antibodies can be detected even for years. 
Commercial kits are available for ELISA and 
immunoblot assays for certain viruses (3).

The above mentioned tests are only able to detect 
whether an individual has been infected with Hanta 
virus or not and cannot differentiate the different 
Hanta viruses. Specific viruses can be detected 
using Focal reduction neutralization test (7).Viral 
neutralization test has its own limitation since it 
needs live virus for performing the test, and is 
expensive and time consuming. Virus isolation is 
not preferred due to the risk of handling such 
viruses and inability to culture certain viruses. For 
experimental purposes the virus particles are 
cultivated in Vero E -6 cells. Immunohistochemistry 
can identify antigens in tissues and are employed 
often. RT- PCR aids as a good means to detect the 
antigen in affected individuals by identifying viral 
RNA in blood, urine and saliva. 

Treatment

The key to better recovery of affected individuals is 
proper supportive therapy. HFRS affected 

individuals require fluid therapy and inotropic 
agents to monitor blood pressure. Dialysis is 
performed in severe renal damage.  In HPS 
patients, fluid therapy, administration of antibiotics 
and vasopressors, and proper oxygenation is 
followed. Antiviral drugs like Ribavirin is said to have 
effect during the early stages of HFRS, but further 
study is required. In HPS cases Ribavirin is said to 
have no effect. Trials in South America have shown 
good response to administration of antiserum to 
affected individuals. Specific therapeutic agents 
can be categorized as i) antiviral agents target the 
host ii) drugs that the boost host immune system, iii) 
antiviral agents that target the Hantavirus. Antiviral 
agents which target the Hantavirus include, 
Ribavirin, Favipiravir, iron-binding glycoprotein 
lactoferrin, nucleoside analogues like ETAR and 
Vandetanib. Most of these drugs are found to have 
good efficacy in in vitro studies and in laboratory 
conditions. There is a need for further studies to get 
approval of FDA and use in humans.

Prevention and Control

Prime feature of prevention of Hantaviral infection 
include avoiding any form of contact with reservoir 
hosts (3). Most of the clinical cases are associated 
with being in enclosed spaces wherein rodents are 
present and humans involving in activities where 
they can come in contact with their excreta like 
agricultural activities, hiking, camping etc. It is 
important to prevent entry of rodents in households. 
Rodenticides, traps can be used, at the same time it 
is important to keep away all food materials which 
can attract rodent. Guidelines are provided by CDC, 
WHO, OIE for safe cleaning of rodent infested 
areas. CDC recommendation suggests:seal up, 
trap up, and clean up.

It is important not to aerolise the virus and to avoid 
activities like sweeping and vacuum cleaning. 
Always wear gloves while cleaning and it is 
important to wet the contaminated area with 
disinfectants or even household bleach before 
wiping off the excreta (11). It is commended to use 
wet mopping or wet paper towels. The virus is 
susceptible to disinfectants such as 1% sodium 
hypochlorite, 70% ethanol and 1-5% peracetic acid. 
In heavily contaminated areas 10%sodium 
hypochlorite is recommended. Individuals who are 
exposed to such situations in the work environment 
must wear proper protective gear including 
goggles, masks and gloves and must cover 
scratches or wounds if any on the body surface. 

Commercial inactivated vaccines are available in 
South Korea and China by the National Extended 
Immunization Program wherein two million doses of 
vaccines are administered regularly (12, 7). 
Inactivated vaccines grown in cell culture have 
been used for bivalent vaccination for two sub-types 
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of Hantavirus. This includes SEOV & HTNV grown 
in Vero cells. Recombinant vaccines are found to be 
effective in rodents. Administration of naked DNA 
has evoked good immune response in rodents and 

a successful vaccination strategy is being 
developed. Trials using Virus-like particles (VLP) as 
vaccines are ongoing and the efficacy as well as 
safety are yet to be analysed. 

Inactivated Hantavirus Vaccines Used  In China And Korea

Virus strains Generated in Vaccination
Programme

Protection Country

HTNV

SEOV

HTNV

HTN/SEO

HTNV

MGKC+

GHKCC++

SMB+++

MGKC

SMB

3 basic doses + 1booster

2 basic doses + 1booster

3 basic doses + 1booster

2 basic doses + 1booster

2 basic doses + 1booster

>90%

>95%

>90%

100%

75-100%

China

China

China

China

Korea

+MGKC  : Mongolian Gerbil Kidney Cell
++GHKC : Gold Hamster Kidney Cell
+++SMB   : Suckling Mouse Brain

Conclusion

Hantaviral infection is an emerging zoonotic 
disease and has great public health significance. 
Even though the first case in India was reported in 
1964, there have been over 40 reports of cases 
from India as of 2020, which show that there is an 
increasing occurrence which can be attributed to 
factors like human activities, climatic conditions, 
rodent population etc. Limited and priced diagnostic 
aids, lack of awareness and multiprofessional 
collaborations increases the potential risk of an 
outbreak. Better epidemiological studies including 
global monitoring and prediction is required to 
tackle this disease which can easily become a 
pandemic causing a huge mortality than that of the 
present Covid-19 pandemic. Medical professionals 
integrated with public health specialists must be 
properly informed and be aware about the different 
syndromes caused by hantavirus, its diagnosis, 
treatment, prevention and control in endemic areas.  
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 Introduction

Rumen acidosis is a disorder of rumen in ruminants 
in which increase in the amount of grain fed leads to 
increase in milk production initially, but later 
becomes the cause of many health problems in 
animals. In our country in the dry period, when the 
animal is not lactating we usually neglect the 
animal, especially its diet. When the lactation starts 
we abruptly increase the grain amount in order to 
increase the milk yield, which leads to disturbance 
in the rumen physiology leading to increase weak 
acid absorption and acidemia. This condition is 
called ruminal acidosis (1, 2). It occurs in two forms; 
acute and subacute ruminal acidosis

Due to sudden change in the diet at the start of 
lactation and where we neglect feeding of the 
animal and it approaches to easily fermentable diet, 
all these can lead to acute form of acidosis. This 
condition is difficult to diagnose. Sometimes animal 
is found dead in the field, sudden death occurs in 
this condition which can be confused with poisoning 
cases. In this condition rumen enlargement can 
lead to pressure on diaphragm resulting in 
respiratory arrest, which sometimes leads to 
haemoptysis and oozing of blood from the mouth 
that can be confused with Anthrax (3, 4).

Subacute Ruminal Acidosis (SARA) is usually not 
seen in individual animals and progresses slowly 
usually in an on-off form. Many workers have 
reported that pH below 5.6 for more than 
180min/day is SARA (5). Dairy herds usually suffer 
this problem and a number of animals are affected 
instead of one or two. It usually occurs in early 
lactation to mid lactation. Most of the times, it 
escapes the diagnosis because acidic episodes 
occur only for 3-5 hrs/dayfollowed by normal 
ruminal pH rest of the day. In a dairy herd, less milk 
production, less feed intake and lameness of 
varying degree are the signs, which indicate 
towards SARA, besides other problems due to 
lipopolysaccharides (6, 7). Severe economic losses 
occur due to this condition mainly because of 
reduction in milk production and health 
compromises. 

Pathophysiology

Before understanding the pathophysiology of 
ruminal acidosis, we have to first see normal rumen 
physiology. Normal rumen pH is 6.8 to 7. Rumen 
fermentation of diet depends on bacteria and 

protozoa present in rumen. These bacteria are of 
two types Amylolytic and Cellulolytic. Cellulose and 
hemicellulose have β (1-4) glycosidic linkages, 
which are broken by cellulolytic bacteria i.e. 
Rumenococcus spp, Bacteroids spp especially 
Butyrovibrio genera in a strict anaerobic condition, 
leading to formation of volatile fatty acid (VFA) i.e. 
acetic acid, propionic acid and butyric acid which 
are readily absorbed across the rumen epithelium 
and used by the ruminants. Similarly, the starch 
present in the grains is also utilized by amylolytic 
bacteria in a strict anaerobic condition leading to 
formation of lactic acid along with VFA and it is ten 
times stronger than VFA. Protozoal populations 
also do not survive extended exposure to pH below 
5.5 (8).

When there is abrupt increase in starch or grain diet 
to increase milk production. It will lead to increase 
lactic acid in rumen leading to low rumen pH. Saliva 
production, Endogenous buffering and reduced 
starchy feed intake are the compensation 
mechanisms of ruminants to overcome this problem 
(9). But when all these mechanisms fail or the lactic 
acid production is more, it will not be absorbed from 
the rumen wall leading to rumenitis (10).

Increase lactic acid in rumen further decrease 
proportion of cellulolytic bacteria and increase 
concentration of G+ve bacteria especially 
Streptococcus bovis Which will ferment glucose to 
lactate and increase lactic acid concentration. 
Increase lactate concentration leads to increase in 
lactate utilizing bacteria Lactobacillus sp. which 
ferment lactate to other VFA (i.e.Valerate).

As cellulolytic bacteria are G-ve bacteria and their 
damage leads to production of lipopolysaccharide 
which goes to liver via portal circulation and may 
cause endotoxicosis, pyelonephritis, arthritis and 
chronic inflammatory disease.

Risk Factors

The cow at risk to develop SARA includes cows in 
the early lactation, primiparous cows and cows 
grazing or fed with rapidly fermentable low fiber 
grass (11). Cows in the early lactation have the 
instability of the bacterial population. According to 
Stone (12) cows might be at greatest risk for SARA 
immediately postpartum due to diminished size and 
absorptive capacity of rumen papillae following 
feeding of lower energy density diets during the dry 
period. Enemark et al (13) reported that 
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Primiparous cows were generally more prone to low 
rumen pH, higher ruminal concentrations of volatile 
fatty acids and possibly to metabolic acidosis, than 
multiparous cows. Krause and Otzel (14) also 
indicated higher prevalence of SARA in primiparous 
cows than in multiparous cows. Cows are 
apparently at higher risk for SARA in the summer 
due to lack of ruminal buffering caused by heat 
stress, increased respiratory rate, respiratory 
a l ka los i s ,  and  low b lood  b i ca rbona te  
concentrations.

Adverse Health Effects of SARA on Animals

1) Low Rumen pH

The main effect of SARA is low rumen pH because 
organic acids accumulate in the rumen produced by 
rumen fermentation of carbohydrates(15). The low 
pH will lead to some adverse effects on rumen 
mucosa and will reach blood to cause transient 
acidemia (16).

2) Increased Ruminal Valerate

Low rumen pH increases the concentration of 
lactate and thus lactate utilizing bacteria which work 
on lactate to produce other VFA i.e. Valerate. This 
further contributes to acidosis(17).

3) Reduced Dry Matter Intake

Though sometimes SARA is a self limiting problem, 
the adverse effects of SARA are many. It decreases 
the Dry Matter (DM) intake. If DM intake is less it 
reduces acid production and allows rapid 
restoration of normal rumen pH. In this way animal 
tries to compensate the acidosis. It creates loss of 
production and the health of animal deteriorates as 
well. The frequency and amplitude of rumen 
contractions decrease in SARA(18).

4) Cow Behaviour

SARA causes some behavioural changes in cow 
like decrease rumination activity, though standing 
time, lying time and feeding time were almost 
normal during bouts of rumen acidosis(19).

5) Inflammation

When the rumen pH is low G-ve bacterial cell wall 
damages and release of endotoxins (LPS) occur 
which goes to different organs and cause damage 
like inhibition of fat synthesis in mammary glands, 
inflammation in the uterus (metritis) and 
hepatocellular damage(20, 21).

6) Reduced Feed Efficiency

Decreased rumen pH reduces the number of 
cellulolytic bacteria which decreases fiber 
digestibility and may be a cause of reduced milk 
production(22, 23).

7) Milk Fat Depression

Low ruminal pH causes milk fat depression by 
inhibiting the bacteria (24) which is responsible for 
fatty acid biohydrogenation in the rumen.

8) Rumenitis

Rumen epithelial cells are stratified squamous 
epithelium and not protected by mucous. So it is 
susceptible to acidity. Corrosive effects of 
increasing amount of acids in rumen are the most 
likely feature of acidosis leading to rumenitis and 
later to erosion or ulceration. The adhesion 
between rumen epithelial cells becomes weak 
leading to translocation of rumen microbes to liver 
via portal circulation. In chronic rumenitis there is 
thickening of rumen epitheliumi.e. Parakeratosis 
which decreases further acid absorption (25).

9) Hindgut Acidosis

Excessive intake of fermentable carbohydrates 
may cause both rumen and hindgut acidosis. 
Several studies have reported reduced faecal pH 
during induced SARA (26). Sometimes diarrhoea 
due to malabsorption and sloughing of epithelial 
cells of large intestine has been reported(27, 28).

10) Lameness

The mechanism of lameness in cattle in SARA is not 
well understood, but a direct effect of systemic 
lipopolysaccharides on capillaries in the hoof has 
been reported (29). In horses, it has been reported 
that activation of metalloproteinase enzyme 
produced by Streptococcus bovis is responsible for 
laminitis in the lamellar structure of hoof (30). 
Exotoxins are responsible for activation of the 
metalloproteinase enzyme(31, 32).

11) Liver Abscess Formation

Damage of gram negative bacterial cell wall 
lipopolysaccharide leads to endotoxin production 
which goes to liver via portal circulation and causes 
liver abscess(33). A slaughter survey of 
predominantly Holstein cows reported 32% liver 
abscess.

12) Impaired Immune Function 

SARA causes decrease feed intake that leads to 
immune suppression and increased susceptibility 
to other infectious diseases. Decreased dry matter 
intake will reduces the energy of the animal leading 
to decrease immune function (34).                                       

13) Other Infectious Disease Secondary to 
Rumenitis

Ruminal bacterial fragments cross the liver and 
reach different organs via systemic circulation. 
These may colonize lungs, heart valves, kidneys or 
joints. In SARA, as the immunity of the animal is 
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also reduced, endocarditis, pyelonephritis, arthritis 
and other problems are associated (35).

Clinical Signs

The feed intake is reduced as the acidosis develops 
as a compensating mechanism to decrease 
acidosis. It is reflected in the form of clinical signs for 
example feed intake reduction. Lameness of 
varying degree in some animals of the herd is also 
indicative of this problem. Lowered milk production 
is seen in SARA cases but all these signs only 
indicate the problem, not confirm the problem. 
Affected animals remain bright, alert and 
responsive but may have transient anorexia with 
signs of mild to moderate dehydration. Rumen 
motility is reduced, but diarrhoea and signs of mild 
abdominal pain are inconsistent. This problem is 
not easily seen in individual animal, mainly seen in 
dairy herds. If the whole herd is reviewed keenly, it 
can be easily detected.

Diagnosis

Diagnosis of SARA is difficult as the low rumen pH is 
not a consistent sign, the pH often fluctuates. It can 
be diagnosed on herd basis on the basis of clinical 
signs like lameness, low production, variation in 
appetite etc. Examination of the ruminal fluid pH can 
also be done, but at times it may not be low. 
Collection of ruminal fluid and pH estimation can be 
done with the help of following procedures.

1) Ororuminal Probe

The rumen fluid can be collected by ororuminal tube 
which is inserted upto the  depth of about 200 cm so 
that the end of the sampling tube reaches the 
central rumen (36) but this method is not perfect 
because of chances of contamination of saliva (37).

2) Rumenocentesis

In rumenocentasis, the cow is restrained and a 
1.2mm diameter (16 guage) needle is inserted 
approximately 100 mm long (4inch) into the rumen 
and 1ml of ruminal fluid is aspirated and then the pH 
is checked.

3) Indwelling pH Sensors

Indwelling wireless pH sensors are used in 
research studies with SARA. The advantages of 
wireless sensors are that they can be administered 
to noncannulated cows, allowing them to eat and 
behave as they normally would, throughout the day 
while their ruminal pH is recorded but it can be used 
only in commercial herds (38).

4) Faecal Lipopolysaccharide 

Feeding high-grain diets to induce subacute 
ruminal acidosis in dairy cows has been associated 
with the increase in the concentration of 
lipopolysaccharide (LPS) endotoxin originating 

from G-ve bacteria in feces (39). Li et al (26) found 
that experimental induction of SARA increases the 
LPS concentration in faeces.

5) Biochemical Profile

Biochemical profile can also be done for diagnosis 
of SARA.

a) Milk Fatty Acid Profile

Low rumen pH alters the rumen environment such 
that biohydrogenation is altered to favour the 
formation of specific fatty acids. However, there are 
no commercially available tests for these specific 
milk fatty acids (40, 41).

b) Acute Phase Proteins

Several studies have shown that grain induced 
SARA causes an increase in acute phase proteins 
in blood such as Haptoglobin and serum amyloid A, 
which is an indicator of inflammation(42).

Prevention of SARA in dairy herd

1) Feeding a Total Mixed Ration

All feed stuffs fed to the animal should be properly 
weighed, blended and a complete ration is formed 
before feeding to the animal. It will provide 
adequate nourishment to dairy animals. All forages, 
grains, protein supplements, minerals and vitamins 
should thoroughly mixed before feeding.

2) Maximizing Rumen Buffering

Endogenous buffers are produced by the cow and 
secreted into the rumen with saliva flow during 
eating and ruminating. Endogenous buffering is 
maximized when cows are provided adequate long 
forage particles in the diet due to more chewing. 
Diet high in Na and K relative to Cl and Shave a 
higher dietary cation anion difference (DCAD) and 
promote higher ruminal pH and increase Dry matter 
(DM) intake and milk yield (43).

Buffers such as NaHCO3 and K2CO3 can be added 
in diet to increase DCAD. Optimal DCAD expressed 
as [{Na+K}-{Cl+S}] in lactating diets is about 275 to 
450 m Eq / kg of diet DM.

3) Allowing for adequate rumen adaptation to 
higher concentrate diets

Rumen adaptation to diet, high in fermentable 
carbohydrate depends on two things - microbial 
adaptation(changes in microflora) and rumen 
papillae length. In dry period due to less feeding the 
rumen papillae length is lower and after calving it 
increases as a result of adaptation. In microbial 
adaptation, the lactate utilizing bacteria grow more 
slowly than the lactate producing bacteria. Longer 
papillae promote greater volatile fatty acid 
absorption and thus maintain ruminal pH. If we 
abruptly increase the grain amount, instead of 
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lactate utilizing bacteria, lactate producing bacteria 
develop quickly. So we should gradually increase 
the grain amount.

4) Changes in Feed 

a) Increasing Dietary Sugars

Feeding sugar as a partial replacement for dietary 
starch lowers the risk for SARA because sugars 
ferment more rapidly to volatile fatty acid in the 
rumen than starch.

b) Yeast Supplementation

Yeast selectively stimulates the growth of lactate 
utilizing bacteria i.e. Megaspheraelsdenii and 
Selenomonas ruminantium in the rumen(44). 
These will help in maintaining rumen pH and this pH 
will not decrease. Yeast supplementation will 
reduce risk of SARA(45, 46).

c) Monensin

Monensin an ionophore antibioticmay improve 
rumen pH because it inhibit most lactate producing 
rumen bacteria while leaving lactate consuming 
bacteria unaffected(47). Use of antibiotic is for 
controlling the lactate production, mainly S. bovis 
and Lactobacillus spp. Amoxicillin or Tetracycline 
like antibiotic can also be used in acute cases(48).

d) Dicarboxylic Acids

Dicarboxylic acid such as aspartate, fumarate and 
malate may help to reduce the risk for SARA by 
increasing rumen lactic acid uptake and favouring 
production of propionate. Mechanism of action is 
via enhanced lactate utilization by Selenomonas 
ruminantium (49).

e) Flavonoids and Essential Oils

These are plant derived compounds. Flavonoids 
appear to improve fermentation and increase the 
number of lactate consuming microbes in the 
rumen.

Conclusion 

Detection and prevention of SARA is challenging in 
herds. Subacute ruminal acidosis is a challenging 
problem, as its recognition and prevention is 
difficult. Causes of the disease may vary, but the 
decreased rumen pH is the main factor. 
Pathophysiology of the problem is complex and 
variable. Clinical manifestations are sometimes 
hidden or appear weeks or months later. In addition 
no single test can diagnose this problem. Due to 
hidden losses the problem cannot be left ignored. 
Carefull attention prompt diagnosis feeding and 
dietary management can help to reduce the 
problem.
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Introduction

Cystic Ovarian Disease (COD) is a major 
reproductive problem, causing infertility and 
economic losses in dairy animals. The main 
categories of ovarian cysts are follicular cyst and 
luteal cyst. Follicular cysts are primarily observed in 
the early postpartum period (1). Follicular cysts 
resemble enlarged follicles, of various size, having 
diameter more than 2.5 cm and persist for more 
than 10 days on the ovary in the absence of a corpus 
luteum (2).The most common signs of follicular 
cysts are irregular oestrus intervals, reduced milk 
production, persistent bulling behaviour or 
nymphomania and or anoestrus (1). The surface of 
the cyst while rectal palpation feels smooth, slightly 
elevated, fluid filled (3). Follicular cysts are usually 
thin-walled and secretes little progesterone and 
later on after luteinisation it will turn in to a luteal 
cyst. In contrast luteal cysts have thicker walls 
(more than follicular cyst) and secrets more 
progesterone (≥ 1 ng / ml) and are associated with 
anoestrus (4, 5). Rectal palpation reveals a flaccid 
uterus, with firm and protruding large follicle on the 
surface of the ovary (6). The development of 
ovarian cysts has been associated in the early 
postpartum period with hormonal, metabolic, 
nutritional and environmental imbalances 
(2).Intensive farming system methods have 
recently begun to be followed in some of the 
indigenous breeds of cattle in India. The animals are 
fed prepared compound concentrates both for 
production and reproduction rather than free 
grazing system used in ancient time. Artificial 
insemination has also been followed in the last 30 
years. Though the infertility issues are less in 
indigenous cattle and particularly in Kankrej breed, 
amongst the infertility issues have been detected, 

one of which is ovarian cysts which causes a long 
calving interval and reduce the lifetime productivity 
of the high producing animals. There are limited 
publications on follicular cysts in Kankrej cattle, 
however, the successful diagnosis and treatment of 
luteal cyst in Kankrej at the station was published in 
our earlier study (7). 

Case Description

Cystic ovarian disease or degeneration is an 
important form of functional infertility in dairy cattle 
particularly high producing animals, commonly 
occurring due to failure or imbalance of endocrine 
mechanism of ovulation. Evidences have shown 
that the incidence of disease is increasing in recent 
years with the increased use of artificial 
insemination as well as increased level of 
productivity. The present investigation was carried 
out at Livestock Research station, S D Agricultural 
University, Sardarkrushinagar. Routine post-
partum per rectal examination is performed on 
Kankrej cattle maintained at station. Per rectal 
examination of a two Kankrej cows (Animal ID. 2-57 
and 6-58) of eight and four years' age calved thrice 
and once earlier were found with enlarged soft right 
ovary having smooth convex surface and appeared 
to contain cyst, which was solitary. The other ovary 
and rest of genitalia was apparently normal but 
slightly toned. Follicular and Luteal cyst may be 
hard to differentiate clinically but the former may be 
multiple on both ovaries while the latter are often 
single (8). Clinically the animals were showing 
higher estrous activity with longer estrous period, 
which is the main clinical sign of follicular cyst.

Physical and Reproductive Examinations

All the vital signs are in normal in range 

Ultrasonographic Diagnosis and Treatment
of Follicular Cyst in Kankrej Cattle

B S Rathod, M P Patel, H H Pancahsara, H C Nakhashi and B N Suthar 
Livestock Research Station and Dept. Veterinary Gynaecology & Obstetrics, Vet. College, SDAU,

Sardarkrushinagar, Gujarat.

Abstract

Two post-partum Kankrej cows with a normal body condition score (3.5/4), showing irregularity in oestrous 
interval with long-standing heat were subjected to reproductive examination. On per-rectal palpation, anovarian 
cyst of 2.5 cm diameter was recognised in both the cases which were later on confirmed by transrectal 
ultrasonography. Both the cases were treated with two different treatment regimens as luteinizing hormone (LH) 
followed by prostaglandin F2 alpha or Gonadotropin releasing hormone (GnRH) followed by PGF2 alpha at 11 
days' interval with supportive treatment. Both the cows returned to oestrus and were inseminated with a frozen 
semen after the onset of oestrous. Regular postpartum reproductive examination is important for a timely 
diagnosis of reproductive complications as well as treatment with an appropriate hormonal protocol and 
supportive can resolve cases.
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o (temperature 100.9 F, respiration rate 72 bpm, 
normal pink mucous membrane). General physical 
examination showed a normal body condition score 
of 3.5/5. External reproductive organs examination 
presented normal vulva conformation, pink-red 
vulva, clear vaginal mucous discharge. Internal 
reproductive organs were examined by rectal 
palpation which presented a closed cervix, slightly 
flaccid uterus with symmetrical uterine horns. A 
large size cyst of about 2.5 cm in diameter with 
smooth, fluctuating and elastic surface was found in 
the right ovary in one animal and on the both ovary 
in another animal.

Clinical and Ultrasonographic Examinations

Clinically the animals were showing higher estrous 
activity with longer estrous period, which is the main 
clinical sign of follicular cyst. therefore, it was 
considered appropriate to scan the ovary 
ultrasonographically. Animals were subjected to 
transrectal ultrasonographic examination of ovaries 
using real time b-mode scanner equipped with 5-10 
MHz linear array transducer (Sonosite, Titan). 
Ultrasonography revealed that in animal no. 6-58 
one (right) ovary was having follicular cyst whereas 
the animal no. 2-57 having both cystic ovaries with 
left ovary having single large follicular cyst and right 
ovary with multiple cysts. The measurement was 
taken from the average of 90-degree angle 
ultrasonographic reading.

Diagnosis

On the basis of history, clinical signs, per rectal and 
ultrasonographic findings both the cases were 
confirmed of follicular cysts.

Treatment

Ovarian cyst may regress spontaneously but if it 
persists for longer duration, it requires suitable 
treatment. Two different treatment regimens were 
allotted to these animals. Animal no. 2-57 was given 
hCG (Rx Inj. Chorulon---@ 3000 IU, intravenously, 
Intervet) followed by PGF2alpha (Rx Inj. Lutalyse---
@ 5 ml, intramuscularly) at 11days' interval. 
Whereas cow no. 6-58 was given GnRH (Rx Inj. 
Receptal---@ 5 ml, intramuscularly) followed by 
synthetic analogue of PGF2 alpha (Rx Inj. Illiren---
@ 5ml intramuscularly) at 7 days' interval from the 
first injection. Both the cases were dewormed and 
given supportive treatment as Rx. Inj. Vetade ---@ 
10 ml (Zydus, AHL.) with first injection and Rx. Inj. 
Tonophosphan ---@ 15 ml (Intervet), After 72 hrs of 
last treatment the animal showed the sign of 
oestrous and were examined sonographically, the 
cyst was regressed completely in both the cases. 
Both cows were inseminated with the frozen 
semen. The animal no. 2-57 conceived in first 
insemination while cow no. 6-58 conceived in 
second heat.

Discussion

Though the incidences are uncommon in Kankrej 
cattle, the ovarian cysts are one of the most 
important ovarian disorders in high producing 
animals. Our study presented cases of a follicular 
ovarian cyst in a Kankrej cattle as confirmed by 
transrectal ultrasonography. Transrectal ultrasound 
examination of these structures was compatible 
with a large follicle with a thin wall and a fluid and 
content filled cavity. These findings were in 
agreement with Brito et. al. (2004) (4). The results of 
present study reveal that follicular ovarian cyst can 
be treated effectively using a single injection of LH 
or GnRH followed by PGF2α (2). A normal estrus is 
expected in 3-5 days' post PGF2α treatment 
(9,10).A report has suggested that a successful 
insemination/service may reduce recurrences by 
establishing pregnancy as soon as possible (4). 
The predisposing factors in the present study may 
be nutritional imbalances or uterine infection. The 
follicular cyst in this case was confirmed by history, 
clinical signs, per rectal examination and transrectal 
ultrasonography. The standard treatment with LH or 
GnRH followed by PGF2αinjections with supportive 
treatment and deworming was found to be effective 
in treating the melody. However, stress and proper 
dietary management should be followed with 
regular per rectal and ultrasonographic 
examination for post-partum ovarian resumption to 
prevent its reoccurrence.
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Photographs of Ovaries Before and After Treatment

1. Right Ovary (2-57, 60 days)

2. Left Ovary (2-57, 60 days)

3. Right Ovary (2-57, 50 days)

4. Right Ovary (2-57, 63 days)

5. Left Ovary (2-57, 63 days)

6. Right Ovary (2-57, 53 days)
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Case History and Observation

A pregnant crossbred primiparous Holstein Friesian 
heifer of 3 years' age was referred with the history of 
having labour pain for the last 6 hours and was bred using 
artificial insemination technique. About 5-6 hours had 
passed after the rupture of allantoic and amniotic water 
bags. An attempt by the local veterinarian for the delivery 
of foetus was not successful.  On clinical examination, the 
animal was active and alert and was straining without 
success. The body temperature, pulse rate and 
respiratory rate were within the normal range. Per vaginal 
examination revealed fully dilated cervix, the fetus was in 
anterior longitudinal dorso vertex presentation with right 
lateral deviation of head with enlarged, flaccid, fluid filled 
sac which was bigger than a football sized and poor 
development of frontal bone. The foetus also had 
severely contracted, rigid and immobile knee and fetlock 
joints of both the forelimbs.  Foetal movements and 
reflexes were absent and hence the foetus was 
considered as dead. Based on the vaginal examination, 
the case was diagnosed as dystocia due to 
Hydrocephalus and Arthrogryposis Multiplex Congenita 
foetus.

Treatment and Discussion

Attempt made for relieving the calf with controlled traction 
was futile. Epidural analgesia was achieved by injection of 
10 ml of 2% lignocaine hydrochloride.   The perineal 
region was cleaned with 0.1% KMNO4 solution and 
vaginal passage was well lubricated with cetrimide 
cream. A stab incision was given on the enlarged fluid 
filled sac and large amount of fluid drained out. Partial 
foetotomy was performed by cutting the cranial bones 
along with the excess skin of the sac in the head and the 
forelimbs upto the level of elbow joints using obstetrical 
knife. This rendered sufficient space for manipulation. 
The right lateral deviation of the head was corrected and 

the obstetrical snares were applied around the head of the 
foetus. A moderate degree of traction was applied on 
head and successfully delivered a still born calf 
pervaginally.

Post obstetrically the cow was administered with Inj. 
Calcium borogluconate 450 ml, Inj.20% Dextrose 3 litres 
and Inj. Oxytocin 30 IU intravenously followed by Inj. 
Ceftriaxone and Tazobactum 4.5 gm and Inj. 
Chlorpheniramine maleate 10 ml intramuscularly. The 
cow expelled the placenta after 4 hours of fetal delivery. 
The antibiotic was continued for four more days and the 
cow recovered uneventfully. Gross examination of the 
foetus revealed that it was a female with hydrocephalus. 
There was an improper development of bones of vertebral 
column and spinal cord. All the limbs were ankylosed 
showing different degree flexure of all the limb joints 
(Fig.1). Based on the morphological structure, it was 
confirmed as Hydrocephalus and Arthrogryposis 
Multiplex Congenita foetus.   

Pervaginal Delivery of Hydrocephalus and
Arthrogryposis Multiplex Congenita Foetus in

A Primiparous Heifer
R Kalirajan and R Uma Rani

Veterinary University Training and Diagnostic Centre,TANUVAS, Thirupparankundram, Madurai, Tamilnadu.

Abstract

A 3 years old, full term pregnant Holstein Friesian cross breed primiparous heifer was referred with the history of having 
labour pain for the last 6 hours. Per vaginal examination revealed   a dead foetus with a very big fluid filled head, anterior 
longitudinal dorso vertex presentation having severely contracted joints of forelimbs and hind limbscausing dystocia. 
Successful pervaginal delivery of Hydrocephalus and Arthrogryposis Multiplex Congenita fetus  was achieved with partial 
foetotomy and moderate traction. Dystocia has been defined as “a birth that reduces calf viability, causes maternal injury and 
requires assistance” (1). Dystocia has been classified as maternal and fetal type (2). Fetal origins of dystocia in cattle can be 
divided into those caused by excessive fetal size relative to the maternal pelvis (fetopelvic disproportion) and those caused 
by abnormalities of the fetus like fetal monsters, fetal diseases and fetal maldisposition (3). Hydrocephalus is the dropsy of 
the brain with recognizable swelling of cranium due to excessive accumulation of cerebrospinal fluid either in ventricular 
system or in between parenchyma of brain and meninges (4).Bovine Arthrogryposis Multiplex Congenita or“curly calf 
syndrome” is a rare lethal autosomal recessive neurogenetic disorder that originated in Angus cattle (5) characterized by 
multiple joint contractures (6).  The present communication reports a rare case of dystocia due to Hydrocephalus and 
Arthrogryposis Multiplex Congenita foetus and its successful pervaginal delivery in a Holstein Friesian crossbred 
primiparous heifer. 

Fig.1. Hydrocephalus and Arthrogryposis Multiplex
Congenita fetus after partial fetotomy.
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The incidence of monstrosities reported for cows varies 
from 0.9-3.22 percent (7). It may be difficult for monsters 
to pass through the birth canal, either because of their 
altered shape or relative size. The common monsters 
causing dystocia are Schistosoma reflexus, Perosomus 
elumbis, double or conjoined monsters. Hydrocephalus, 
ascites, anasarca and hydrothorax are some of the other 
fetal abnormalities that result in dystocia (1).

Hydrocephalus is assumed to arise from disturbances in 
normal circulation of cerebrospinal fluid resulting from its 
altered production or absorption. A simple autosomal 
recessive gene has been reported to be linked with 
hydrocephalus in cattle (8).  Congenital hydrocephalus is 
known to be inherited in cattle and exacerbated in its 
manifestation by a coexisting hypovitaminosis A. 
Compression of the brain occurs in calves with 
hypovitaminosis A, due to failure of growth and 
sculpturing of the cranial vault to accommodate the 
growing brain (9). Sastry (1971) (10) suggested that 
external hydrocephalus resulted from either too much 
fluid formed and not rapidly drained by the arachnoid villi 
or due to hindrance to the drainage of normally produced 
fluid. The condition appears as a flaccid liquid filled sac 
covered with skin and contains clear serous fluid as was 
seen in the present case. The enlarged head cannot 
easily pass through the birth canal and results in dystocia 
(11) as was seen in the presently reported case. Death of 
fetus occurs due to pressure on vital centers of brain (12).            

Bovine Arthrogryposis multiplex Congenita is a 
syndromic term for a congenital condition characterized 
by arthrogryposis or joint contracture of multiple joints 
involving more than just one part of the body (13). The 
growth of the arthrogryposis foetus is usually retarded 
(14) as also observed in the present case. Arthrogryposis 
may be due to 3 gene mutation causing failure of normal 
neuromotor development in uterus, decreased fetal 
movements low fluid volume, defect in fetal blood supply, 
hyperthermia, fever, viral infection during pregnancy and 
foraging of pregnant animals with a plant containing toxic 
alkaloids (15). These multiple factors affect CNS or cause 
muscle degeneration thus leading to loss of muscle mass 
with imbalance of muscle power at the joint and 
collagenous thickening of the joint capsule result in joint 
fixation (16). Fetal arthrogryposis delivered by cesarean 
section in a graded Murrah buffalo has been reported by 
(17). However, in the present case, the successful 
pervaginal delivery of Hydrocephalus and Arthrogryposis 
Multiplex Congenita fetus was achieved with sufficient 
lubrication of vaginal passage, partial foetotomy and 
gentle careful moderate traction without any post 
obstetrical complication to the cow.

Summary

A rare case of dystocia due to Hydrocephalus and 
Arthrogryposis Multiplex Congenita fetus in a Holstein 
Friesian cross breed heifer and its successful pervaginal 
delivery is reported.
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Introduction

Cryptosporidiosis is an emerging zoonotic enteric 
disease caused by a coccidian parasite of the genus 
Cryptosporidium, having 16 species that affect 
large variety of hosts including humans (1,2). 
Cryptosporidium, a small, obligate intracellular 
parasite causes self-l imiting diarrhea in 
immunocompetent persons (3,4), but chronic life-
threatening diarrhea in immunocompromised 
neonates, young bovines and children (5,6). 
Immuno-compromised human suffers a severe 
disease, difficult to treat and can be fatal if extreme 
dehydration occurs (7,8). It has major public health 
implications because infections can result from 
exposure to low doses of Cryptosporidium oocysts 
(9,10,11). It is an emerging zoonotic disease with 
global public health problem in developing and 

deve loped count r ies  (12,13) .  Recent ly  
Cryptosporidiosis is included in notifiable diseases 
(14,15).

History

In 1895, Clarke was first to view Cryptosporidium. 
1907 ,  Tyzer  descr ibed  new genus  o f  
Cryptosporidium as C. muris in gastric gland of a 
laboratory mice. 1912-Tyzer identified another 
species C. parvum smaller than C. muris parasites 
in the gastro-intestinal (GI) tract of mice. In 1955, 
new species C. meleagridis from the intestine of 
turkey was characterized having severe diarrhoea 
and low mortality. 1971, Cryptosporidium infections 
were detected in intestine of diarrhoetic calves. In 
1976, first report of human cryptosporidiosis in a 3 
years old child in USA, led to recognition of this as a 
zoonotic disease agent since infections were 

Cryptosporidiosis: 
An Emerging Zoonotic Infectious Threat
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Department of Veterinary Parasitology, College of Veterinary Science & Animal Husbandry, Junagadh Agricultural

University (JAU), Junagadh, Gujarat.

Abstract

Cryptosporidiosis is caused by protozoan parasites of the genus Cryptosporidium, which are ubiquitous 
apicomplexan parasite that infects the micro-villous border of the gastrointestinal and respiratory epithelium of 
wide range of vertebrates including human beings and causing diarrhoea in both immune-competent and 
immune-compromised individuals. These organisms have complex life cycle which requires single host and 
grow only in living cells but can survive in the environment for long periods without losing its infectivity. Faecal 
contamination of environment, food and water and contact with infected animals plays vital role in the 
transmission and spread of the disease. Cell mediated immunity is a corner stone of immune response to 
infection and diagnosis is mainly based on identification of oocysts from faecal materials. There is evidence of 
zoonotic cryptosporidiosis associated with farms and exposure to infected livestock, particularly young cattle, 
animal manure and contaminated water. The species of Cryptosporidium have been the cause of diarrhoea in 
man which is one of the more common opportunistic pathogen affecting human patients with AIDS. High 
morbidity which results in production losses and death of live animals are significant problems to farm owners. 
Because of its resistance to antimicrobials and other anticoccidials, currently no effective therapeutic agents are 
available. Good hygiene measures are important to control and prevent the disease.

Apical complex present; all species parasitic

Reproduction asexual and sexual; oocyst produced

Life cycle involves merogony, gametogony and sporogony; 
small gamonts

Merogony or schizogony present

Macro and micro gamonts develop independently; non motile zygote

Oocysts contain four naked sporozoits (no sporocysts); endogenous
stages with attached organelle; homogenous life cycle

Phylum

Class

Sub class

Order

Sub order

Family

Table 1. Taxonomic Classification of Cryptosporidium with features of taxon

Apicomplexa

Sporozoasida

Coccidiasina

Eucoccidiorina

Eimeriorina

Cryptosporidiidae
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reported in two human patients with diarrhoea 
(16,17). 1982-Chronic infections with several 
mortalities in HIV positive patients brought 
Cryptosporidium to the forefront as a ubiquitous 
(18). Human pathogen outbreaks through infection 
by waterborne Cryptosporidium oocysts (often in 
drinking water) have placed an even greater 
emphasis on this pathogen (19).

Species of Cryptosporidium

Morphological, biological and molecular 
characterizations are recommended in naming and 
va l idat ion of  Cryptospor id ium  spec ies.  
Cryptosporidium have been reported from more 
than 150 species of fishes, birds, reptiles and 
mammals including man. There are seven 

Cryptosporidium species and two genotypes have 
been identified in cattle, including C. parvum, C. 
bovis, C. andersoni, C. ryanae, C. felis, C. hominis, 
C. suis, C. suis - like genotype and the 
Cryptosporidium pig genotype II. The former four 
species are mostly responsible for bovine 
cryptosporidiosis. Cryptosporidium species and 
genotypes appeared to be age related between pre- 
and post-weaned calves. C. parvum, the only 
zoonotic species/genotype, constituted 85% of the 
Cryptosporidium infections in pre-weaned calves 
but only 1% of the Cryptosporidium infections in 
post-weaned calves. C. parvum bovine genotype-II 
is the main causative agent of zoonotic importance 
in immunocompetent individual (20).

LocationSpecies

Table 2. Common species of Cryptosporidium found in various host (21)

Host(s)

C. parvum

C. hominis

C. wrairi

C. meleagridis

C. galli

C. saurophilum

C. felis

C. baileyi

C. muris

C. andersoni

C. serpentis

C. nasorum

C. canis

C. bovis

C. suis

*Acts as major hosts.

Rat*, mice*, ruminants*, pigs, monkeys,  shellfish, humans

Humans*, monkeys* shellfish

Guinea pigs*

Turkey*, humans, shell fish

Chickens

Lizards*, snakes

Cats*, humans, cattle

Chickens*, turkeys, quails, ducks

Rodents*, camel, hamsters, squirrels, humans

Ruminants*

Reptiles*

Fishes*

Dogs*

Cattle*

Pigs*

Intestine

Intestine

Intestine

Intestine

Intestine

Intestine

Intestine

Bursa, Intestine,
cloacae & trachea

Stomach

Abomasum

Stomach

Stomach & intestine

Intestine

Intestine

Intestine

Morphology

Endogenous developmental stages range from 2-6 
µm located within the brush border of the host 
intestinal epithelial cells. Endogenous stage of the 
parasite consists of an oocyst containing four 
sporozoites. Oocysts are excreted in the faeces of 
the host and they appear spherical in shape and 
ranges in size from 4-6 µm.

Seasonality of Cryptosporidiosis

In tropical climates, an increase in incidence is 
observed during the warm, rainy season (22), 
whereas in temperate climates, cryptosporidiosis 

Fig.1. Oocysts of Cryptosporidium under 100x.
Modified Ziehl Neelsen (MZN) stating has done
to identify the oocyst.
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peaks during spring and fall (23).

Transmission

Commonly, transmission occurs by ingestion of 
contaminated food and water, recreational activity, 
swimming pools, etc. containing sporulated 
oocysts. Some outbreaks have also been recorded 
w i th  ch lo r ine  t rea ted  wa te r  supp l i es .  
Cryptosporidium is 2,40,000 times more resistant to 
chlorination than Giardia (24).  Transmission by 
person-to-person in pediatric and elderly 
populations is recorded. The transmission is 
through day care centers, nursing homes (25). 
Autoinfection is also recorded where excystment of 
thin wall cyst occurs within the gut of the host. 
Zoonotic transmission is via direct contact with 
animals (26).

Factors which favour water borne transmission 
of this infection

Key factors which favour the transmission of 
infections are: Low infective dose, small sized 
oocysts, large number of infective oocysts shed by 
infected animals, resistance of oocysts to most to 
the environmental conditions and water treatment 
and lack of effective therapy. Cryptosporidium 
oocysts are very resistant to most common 
disinfectants like ammonia (50%) and formalin 
(10%) (27).

Life Cycle of Cryptosporidium

The monoxenous parasite is having direct life cycle, 
both asexual and sexual reproduction occur within 
one type of host. The endogenous phase of the 
parasitic life cycle beings by invasion of target cells 
when oocysts are ingested by suitable host (28). 
Life cycle of Cryptosporidium is divided in to 6 major 
developmental events (29).

a. Excystation b. Merogony c. Gamatogony

d. Fertilization e. Oocyst wall formation 

f. Sporogony

Oocyst excyst in the GI tract and infective 
sporozoites are released. The entire life cycle of the 
parasite is completed in 2 days or persists for 
several months. The prepatent period ranges from 
2-14 days in most domestic animal species. The 
patent period is variable both within and between 
different host species ranging from several days to 
several months (30,31).

Epidemiology

In human, infection by C. parvum has been reported 
in five continents and identified in patients aged 3 
days to 95 years old (32). Cryptosporidiosis has 
been recorded from 50 countries ranging in location 
from tropical to temperate zones throughout the 
world like India, Bangladesh, Thailand, Australia, 

New Zealand, France, Spain, United Kingdom, 
Central and South America, North America and 
United States and United Kingdom. In India, 
Bangalore, Kolkata, Mumbai, Hyderabad, Chennai, 
Chandigarh, Madurai, Vellore, Pondicherry and 
other places including North India. Higher 
prevalence was recorded in 0-2 years age group 
and 20% of all cases of childhood diarrhea in 
developing countries (33,34).The prevalence rate 
in USA (0.6% to 4%), Europe (1.0% to 2%), Africa 
(3.0% to 30.0%), Australia ( 4.1% to 5%) and Asia 
(3.0% to 20%) (35). Cryptosporidium oocysts has 
been found in 6.1% of 164 samples of raw sewage, 
4.5% of 1173 samples of untreated drinking water 
and 3.5% of 423 samples of treated drinking water 
(36).

In spite of high population growth, poor sanitary 
conditions and increasing number of AIDS, allergic 
and cancer patients in developing countries like 
India proper attention has not been paid yet. It is 
identified in up to 46% of HIV patients world-wide 
studies (37). A prospective long-term study from 
Europe suggested that 3-4% of HIV patient will have 
cryptosporidiosis (38). In India, there have been 
reports from the mid 1990s on the prevalence of 
cryptosporidiosis from different parts of the country 
ranging from 8.53 to 81 % (39). Cryptosporidium 
were observed in 48 patients with diarrhoea (25%, 
28/111) and 4.72% (20/423) patients with no 
diarrhoea (33).

Cryptosporidiosis in Animal and Birds

Most of the reports are published in Egypt, Brazil, 
USA Czech Republic, Malaysia, Tanzania, Spain, 
Morocco, France, UK, Canada, Japan, Oman, 
Poland, Iran and China. Few published reports of 
cryptosporidiosis in animals from India. Incidence of 
cryptosporidiosis in diarrhoeic calves is mentioned 
below (Table 3).
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Clinical Spectrum

In Animals

Prepatent period varies between 2-12 days. 
Profuse watery diarrhoea, abdominal tension and 
inappetence-dehydration are the first sight 
symptoms. Excretion of large number of oocysts 
may continue for several days after the clinical 
symptoms ceased. Profuse diarrhoea may persist 
for 7 days. Infection is fatal in foals associated 
severe combined immunodeficiency. Dogs, cats, 
small rodents, rabbits, hamster and guinea pigs do 
not normally result in clinical symptoms. In the 
neonate of ruminants Cryptosporidium infection 
frequently occur concurrent with Escherichia coli, 
rota virus or corona virus. Diarrhoea in 
cryptosporidiosis occurs due to malabsorption 
associated with villus atrophy. Organism occupy 
large portion of the intestinal surface area. Mucosal 
lactose activity in infected calves is also significantly 
reduced.

In Birds

In turkey and peacock chicks, upper respiratory 
tract infection of Cryptosporidium with 30% 
morbidity and 20% mortality. Depression, gurgling 

respiration, coughing and sneezing with a serous 
ocular discharge are the common symptoms. 
Cryptosporidium spp. infection is also report in 
broiler chicken in Morocco (50). The organ wise rate 
of infection was 24%, 15% and 2% in bursa, 
intestine and trachea, respectively.

In Man

In immunocompetent individual, incubation period 
varies from 5 to 14 days. Mild to moderate foetid 
diarrhoea (2-10 motions per day). Crampy 
abdominal pain, fever, nausea and weight loss up to 
1 0 %  a r e  a l s o  r e c o r d e d .  W h e r e a s  i n  
immunocompromised individuals, the infection for 
long duration with severe profuse watery diarrhoea 
(up to 17 litres). In AIDS patients the diarrhoea 
persists up to 78 weeks. Fever, crampy abdominal 
pain, nausea, vomiting and marked weight loss up 
to 50% and death were reported.

Public Health Importance

Cryptosporidiosis is a major public health problem 
in both developing and developed countries. In 
developing countries, the disease probably exerts 
most of its impact on pediatric health (51). In 
developed countries, waterborne outbreaks of 

ReferencesPlaces/region/ state

Table 3. Prevalence of Cryptosporidiosis in Human in India

Per cent infection

Vellore (South India)

Bangalore (Karnataka)

Hyderabad (A.P.)

Chennai (T.N.)

Chandigarh (U.T.)

Bombay (Maharashtra)

North India

Kolkata (W.B.)

Pondicherry (U.T.)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(14)

(20)

(48)

13.15- diarrheic, 9.8 -Non diarrheic

4. 0

0.69 (2.99 children & 0.12 adult)

12.0

Case report

4.4

1.3

4.45

3.0

2.99

12.5

Places

Bareilly (UP)

West Bengal

Pondicherry

Table 4. Prevalence of Cryptosporidium in Animals and Birds in India

Hosts & infection

Zebu calves (17.7%); Buffalo (16.6%)

Cattle (11.32%); Buffaloes (7.84%)

Adult cattle (2.5%); Calves (25%); Goats (7.69%); Poultry
(4.35%); Dogs (11.1%)

References

(49)

(14)

(48)
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cryptosporidiosis have a significant economic 
impact. United Kingdom expends an average of £23 
million/year to meet legal requirements for removal 
of Cryptosporidium from drinking water supplies. A 
recent study estimates that the total illness-
associated cost in 1993 Milwaukee waterborne 
outbreak of cryptosporidiosis is $96.2 million. The 
average total costs for a person with mild, 
moderate, and severe illness during the outbreak 
are $116, $475 and $7,808, respectively (52). About 
250-500 million people are affected annually (53).

Human infections caused by C. parvum genotype-I 
transmitted mainly human to human. People are 
also susceptible to the bovine genotype. 
Immunocompetent individuals infected with human 
a n d  b o v i n e  g e n o t y p e s .  I n  c o n t r a s t s ,  
immunocompromised individuals, in addition to the 
above, they can be infected with more genetically 
species of the parasites that infect mainly dogs, 
cats, and birds (54). First case with C. felis in Italy 
reported (55).

Diagnosis

The sporulated oocyst is the only exogenous stage 
of the parasites and being excreted with the faeces 
of an infected host is highly relevant for the 
diagnosis of Cryptosporidium infection. It is 
incriminated in great quantities with feacal material 
and capable of survival for long periods in the 
environment (56). Identification of Cryptosporidium 
o o c y s t  i n  t h e  f a e c a l / s t o o l  s a m p l e ,  
immunodiagnostic methods and histopathology of 
biopsy samples can be used for diagnosis of 
cryptosporidiosis.

Methods for Concentration of Cryptosporidium 
oocysts in the stool

Diagnosis of Cryptosporium in faecal sample of 
animals was detected by following method: 
Sheather's Sugar/Zinc sulphate (sp. gr. 1.18-1.20) 
floatation method, Formalin-ether concentration, 
and formalin-ethyl acetate sedimentation are 
common. Further, oocyst can be identified by either 
staining or immunological techniques. In staining 
methods, after drying of direct faecal smear or 
concentrated oocyst on glass micro slide stain has 
been applied. Modified Ziehl-Neelson (MZN) is 
most commonly used, both hot and cold (MZN) 
work well. The patient should only be declared 
negative if samples are found negative even after 
five to six times examination. However in 
immuno log ica l  techn iques ,  f l uo resce in  
isothiocyanate-labelled monoclonal antibody 
(FITC-labelled MAb technique) may be used. It is 
more sensitive and specific than conventional 
staining method. Detect low number of oocyst in the 
stool sample. This gives early diagnosis of infection.

Enzyme Immunoassays (EIA)

Commercial diagnostic kits are available like 
ProSpecT/Cryptosporidium (Alexon, Inc.), IDEIA 
Cryptosporidium (Dako Corp.), Cryptosporidium 
Antigen Detection Microwell ELISA (LMD 
Laboratories). It is superior to conventional 
microscopic methods and showed good correlation 
w i t h  m o n o c l o n a l  a n t i b o d y - b a s e d  
immunofluorescence assy. The sensitivity and 
specificity of kits ranged from 66.3% to 100% and 
93% to 100%, respectively.

Polymerase Chain Reaction (PCR)

It is a useful alternative tool to conventional 
methods of diagnosis for both clinical and 
environmental samples. More sensitive but 
requires more expertise hands and being more 
expensive. PCR–RFLP for the detection and 
differentiation of Cryptosporidium spp. 18S rRNA 
gene sequence was the most informative and 
practical. PCR based detection of C. parvum in 
cattle. In India PCR based detection of C. parvum in 
cattle has been tried and found that 1325 bp 
amplification region is specific for Cryptosporidium 
species and confirming the sensitivity and 
specificity of nested PCR. Recently, molecular 
characterization of Cryptosporidium spp. in children 
in Kolkata revealed the three genotypes. The 
pathogenic Cryptosporium species found in 
children faeces were C. hominis, C. parvum, C.  
felis.

Important method used to differentiate the species 
are Immuno-blotting, Iso-enzyme analysis, ELISA,, 
polymerase chain reaction with restriction fragment 
length polymorphism (PCR–RFLP) analysis, 
Amplified DNA fragments of the expected size are 
obtained which are specific for C. parvum / C. wrairi 
(422 bp), C. baileyi  (1106 bp) and C. muris (1346 
bp) (57).

Histopathology

Villus atrophy of varying severity can be observed. 
Others are blunting and same fusion of villi and 
hypertrophy of crypts of Lieberkuhn. Large 
numbers of cryptosporidia are usually visible in the 
microvillus border of cells on the villi and not in 
crypts of Lieberkuhn. Organisms are heavily 
distributed in distal half of the small intestine, 
especially in ileum. Mild infiltrates of neutrophils and 
mixed mononuclear cells.

In-vitro Culture

In vitro culture media used for diagnosis of 
Cryptosporium like Madin-Darby Canine Kidney 
(MDCK), Bovine fallopian tube epithelial cells 
(BFTE), Human colonic tumor (human ileocecal 
adenocarcinoma) cells (HCT-8 cell), Human colonic 
adenocarcinoma cells (Caco-2), Primary chicken 
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kidney cells (PCK) and Human Stomach 
Adenocarcinoma (AGS) lines. Truly ideal and 
routine methods that support cryptosporidial 
development are not yet available. This is 
considered as less expensive and more convenient 
for the study of host parasite relationship and for the 
valuation of oocysts viability and drug sensitivity of 
different developmental stages of Cryptosporidium.

Immunity

Circulating antibodies do not provide full protection. 
Infection is self-limiting in humans, except in 
immunodeficient host. Concurrent infection with 
enterotoxigenic E. coli, Rota virus, Corona virus; 
Giardia in neonate ruminants; Feline leukemia in 
cat; Canine distemper in dogs may precipitate the 
disease. A neonatal calf has antibodies to C. 
parvum as early as 1 day after birth and suggested 
that antibodies were passively transferred. 
Immunity to C. parvum infection involves a T helper 
(Th) 1 response with interferon (IFN) and interleukin 
(IL) 12 activities. There is production of IL-4 that 
promotes Th1-mediated immunity.

Treatment

Spiramycin and Lasalocid-Na showed promising 
result. Cryptosporidiosis can be successfully 
treated with Lasalocid-Na. (58). Available as food 
additive (Bovatec 15% Lasalocid-Na, Hoffmann La, 
Roche, AG). Recommended doses are twice 40 mg 
Bovatec /kg body weight daily for 3 days in dairy 
cattle. Prognosis in bovine calves is generally good 
with supportive treatment and calves usually 
recover. Halocur is effective for both prevention of 
new cases and reduce the effects of the diarrhoea in 
those already affected. Prophylactic effect of 
paromomycin @ 100 mg/kg per day orally for 11 
consecutive days in neonatal kids, nitazoxanide 
500 mg twice daily for 3 days for calves and 200 mg 
and 100 mg twice daily for children significantly 
decreased the duration of diarrhea and oocyst 
shedding in imunocompetent hosts with 
Cryptosporidium-associated diarrhea (43,16).

Control

Cryptosporidium oocysts extremely resistant to 
commonly used disinfectants. Iodophore, Cresylic 
acid, Sodium hypochlorite and Sodium hydroxide 
can be used. Infectivity of oocyst can be destroyed 
by ammonia (5% Soln.) and formol (10% Soln.) 
saline and exposure to temperatures below 
freezing and above 65°C for 30 min.  Moist heat 
(steam or pasteurization >55ºC), freezing and 
thawing or thorough drying are more practical 
means of disinfection. Cryptosporidium oocysts can 
persists in treated slurry and potentially 
contaminate surface water through improper 
discharge or uncontrolled runoff. Lactogenic 
immunoprophylaxis could help mitigate the 

financial losses in small ruminants and reducing the 
risk of infection of humans through decreased 
contamination of environment. Strict measures of 
hygiene, dis infect ion and cleaning are 
recommended. Calving cows have to be kept 
separated during calving period. Newborn calves 
must be separated from adult cattle. Current water 
purification standards do not uniformly destroy 
viable oocysts. Filtration is particularly important 
when surface contamination may occur in water 
sources. Personal-use water filters should be 
capable of removing particles 1 μm in diameter 
(59,36).

Precautions

Hands should be properly washed before intake of 
food. There should be proper disposal of 
faecal/stool and contaminated materials. AIDS 
patient with CD 4 count below 200/ mm3 be given 
boiled or filtered water. Persons at risk (animal 
handlers, veterinarians, and health care staff) 
should avoid contact with source of oocysts. Food 
particularly marine food should be properly cooked 
before consumption. Salads should be taken after 
though washing. Preferably water should not be 
drunk directly from lakes, river, stream or spring. 
Filter the water with appropriate filters (ultrafiltration 
or reverse osmosis). Swallowing of water should be 
avoided during swimming in lakes, pools, rivers and 
sea.

Conclusion

Cryptosporidium is one of the leading causes of 
diarrhea in neonatal calves and young children 
worldwide. Cryptosporidium have ability to auto 
infection and it is generally lacking the host 
specificity are unique feature than other enteric 
protozoa. There is lack of understanding of the 
host's immune response to infection of 
Cryptosporidium. Keep in view the population 
explosion, poor sanitary conditions, water pollution 
and increasing number of AIDS, allergic and cancer 
patients in India. It becomes important to have more 
information and knowledge on this emerging 
disease of zoonotic origin. Outbreak should be 
properly identified and reported. The risk of 
infection from drinking water, contact with animals 
and other factors should be ascertained so that 
preventive measures could be taken. The economic 
losses incurred from Cryptosporidium infection in 
livestock and the threats to human health are major 
concerns. Attention should be paid to develop more 
e f f e c t i v e  d r u g s  f o r  t h e  t r e a t m e n t  o f  
cryptosporidiosis and suitable vaccine for 
prevention and control of disease in man and 
animals.

Future Prospects

With significant advancement in our understanding 
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of several aspects of development of suitable in 
vitro animal model, sensitive and reliable isolation 
and detection technique are needed to facilitate the 
study of the parasite. Continued research to 
increase our knowledge of the parasites 
epidemiology, biology, taxonomy and molecular 
diversity is greatly needed, as are improved 
detection protocols capable of differentiating 
species and genotype. Further studies are required 
to confirm the validity of Cryptosporidium species 
not only for toxonomic purposes, but for adequate 
diagnosis and treatment. Role of wild animal in the 
transmission of Cryptosporidium to livestock and 
humans warrants further investigation.
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The goats have become very popular in recent 
years as a pathway out of poverty. Goats have been 
designated as poor man's cow due to their major 
contribution to socio-economical status of small, 
marginal farmers and landless labourers. The goat 
is a multipurpose animal which not only provides 
meat and milk but also hide, fiber and manure. Due 
to low capita investment, easy handling and ability 
to adopt in versatile environmental conditions, 
goats are well integrated in the farming system of 
the small and landless farmers. In the hilly regions, 
goat farming has become a strong economic pillar 
for the animal keepers.  The goat population in India 
as per 20th Livestock Census, 2019 is 148.88 
million showing an increase of 10.14% over the 
previous census. About 27.7% of the total livestock 
is contributed by goats. Total goat population in rural 
area has increased by 10.35%,whereas in urban 
area, the population of goat has increased by 
5.78%.

The medium sized goat breed, 'PANTJA', which is 
reared for meat and milk in Udham Singh Nagar and 
Nainital districts of Uttarakhand as well as adjacent 
Tarai area of Uttar Pradesh. Presently, their 
contribution to goat population is about 21%. The 
colour of the goats is brown/ fawn, getting lighter 
ventrally with stripe on face. They are very active 
but docile, having small sized horns (about 10 cm), 
which are triangular, twisted, pointed at tip and 
oriented slightly upwards and backwards, having 
peculiar white streak on either side of their face and 
look similar to deer, had least-squares means of 
body length, height at withers, chest girth, ear pinna 

length and body weight of different age groups (1 to 
5) as 43.23±1.33, 52.69±0.74, 55.22±0.93, 
57.55±1.93 and 54.68±2.66 cm. respectively. The 
goats are well adapted to hot and humid conditions 
of Tarai region of Uttarakhand and Uttar Pradesh. 
They are mainly managed in unorganized manner 
as subsistence farming and feeding is purely based 
on their browsing in field bushes, tree lopping and 
agriculture wastes, without any provision of 
concentrates. People consider meat of Pantja 
wethers are highly delicious, so that majority of the 
bucks are castrated at early age. They yield 
dressed meat upto 62%. Their birth weight and 
yearling weight in male and female is 1.9±0.2, 
1.7±0.2 and 21.1± 2.1, 17.5±1.7 kg, respectively.

Pantja breeds throughout the year, but kidding is 
more pronounced during winter (34.5%) followed by 
summer (29.7%), autumn (20.2%) and rainy 
(15.6%).Twinning (67%) and tripleting (7%) are 
common. However, they have also shown their 
extreme potential by giving quadruplets, in sporadic 
cases.

The age at sexual maturity of female ranged 
between 9 – 11 months and age at first kidding 
between 14-15 months. They yield 0.621 to 1.290 
(average 0.821) litre of milk daily, which 
contains3.87% fat and 9.13% SNF in a lactation 
period of 135 to 177 (average 156) days.

Integrated modern animal husbandry, supported by 
scientific advancements are essential to conserve 
the indigenous breed of livestock like Pantja Tarai 
goat.

Pantja: Tarai Goat breed of Uttarakhand
Alok Mishra and Preeti Bisht

College of Veterinary and Animal Sciences, GBPUA&T, Pantnagar, Uttarakhand
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Introduction

Artificial Insemination (AI), defined as the process 
of introducing sperm from superior male animal into 
the female reproductive tract for the purpose of 
impregnating the female using artificial means (AI 
gun). AI can undoubtedly be regarded as the oldest 
and most widely used Assisted Reproductive 
Technology (ART) and has made the most 
significant contribution to genetic improvement 
worldwide (1, 2). The effectiveness of AI is 
counterbalanced by constraints arising from the 
reduced number of males, decrease in genetic 
variability, possible dissemination of genetic 
defects and an increase in the inbreeding 
coefficient affecting the maternal traits. 

The preservation techniques using chilled or cryo 
preserved semen of genetically top-quality male 
animals make the application of AI in breeding 
programmes more efficient and flexible (1,3). 
However, studies have revealed that preservation 
techniques induce sub-lethal damage that affects 
the functional capacity of spermatozoa, as a result 
of which they behave differently from fresh 
spermatozoa even if they are fertile. Irrespective of 
the type of extender/diluent or the technique of 
storage used, a significant number of spermatozoa 
show reduced motility and viability (longevity) and 
decreased fertility with increased length of liquid 
and frozen storage. 

Artificial Insemination (AI) has an important role in 
goat breeding, especially in intensive systems of 
production, to control reproduction and, in 
conjunction with accurate progeny testing, to 
improve the production of milk, hair and meat (3). 
Artificial Insemination of goats is generally very 
similar to that of sheep. However, it is much easier 
to achieve an intrauterine insemination via the 
cervix in goats than in sheep, since, the caprine 
cervix is relatively easier to traverse than the ovine 
cervix (2, 4). 

Techniques of Caprine Artificial Insemination

Various techniques of inseminations can be 
successfully used in goats which includes 
intravaginal, trans cervical and laparoscopic with 
comparable fertility results by using fresh, chilled 
and frozen semen (5). 

1. Vaginal AI (Peri-cervical insemination) 

The technique involves the semen deposition in the 
cranial vagina (deepest point/fundus of the vagina) 
without attempting to locate the cervix (no visual 
source is used). The ideal timing of AI is before 
ovulation, i.e. 12-18h after onset of estrus. The 
volume of semen and the minimum number of 
progressively motile spermatozoa that are 
recommended to be used are 0.2ml and 400×106, 
respectively. Intravaginal AI is effective in the doe 
while using fresh semen, but gives poor results with 
extended (chilled) or frozen semen (5). Intravaginal 
AI is best suited to use after estrus detection during 
the natural breeding season. 

2. Trans - cervical AI ( Intra-cervical 
insemination) 

Intra-cervical AI is the preferred option in small 
r u m i n a n t s ,  w h e n  t h e  e x t e r n a l  o s  i s  
located/visualised using illumination. This method 
can be used with fresh and chilled/frozen semen. 
The ideal time for AI is 15-17h after the onset of 
detected estrus (5). Frozen semen can be used with 
cervical AI, but with reduced conception results 
which might be associated with the reduced viability 
of frozen spermatozoa that resulted in low numbers 
of viable or undamaged spermatozoa reaching the 
fertilization site. The inseminate volume and the 
minimum number of motile spermatozoa required 
are 0.2ml and 200×106, respectively. 

3. Trans-cervical Intra - uterine AI

Trans-cervical intrauterine AI techniques also 
known as Guelph system of trans cervical AI. The 
technique requires special positioning of the 
animal, cervical retraction and the use of specially 
designed instruments for the stabilization and 
passage of the insemination pipette through the 
cervix. The inseminate volume (0.2-0.5ml) and 
minimum safe number of motile spermatozoa 
(60×106 per insemination dose) can be injected 
between 49-65h after the removal of progesterone 
inserts. Semen should be deposited in the body of 
the uterus, although cranial cervical deposition has 
also yielded satisfactory results (5, 6). Certain 
drawbacks are associated with this technique which 
includes; cervical injury, abscesses, infections and 
poor pregnancy rates all of these varies with 
operator expertise, semen dose and physiological 
condition of doe.

Artificial Insemination in Goats: 
Techniques and Factors Affecting Fertility 

Amit Sharma, Pankaj Sood and Kirti Jamwal
CSK Himachal Pradesh Krishi Vishvavidyalya, Palampur, Himachal Pradesh.
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4. Laparoscopic Intrauterine AI

Recent advancements with regards to usage of AI in 
small ruminants is the development of laparoscopic 
intrauterine insemination. In this technique, the 
semen is directly deposited into the lumen of the 
uterine horns at a point closer to the site of 
fertilization (5). So, by using this technique it is 
possible to bypass the cervical barrier and 
decrease the amount of semen used for AI. The 
minimum safe number of motile spermatozoa is 
20×106 per insemination dose, and the ideal timing 
of AI is between 48-65h after the removal of 
progesterone inserts (4, 5). Conception rates (60-
75%) achieved with frozen semen using this 
method are higher than intracervical insemination. 
The major disadvantages with this technique 
includes, need for expensive laparoscopic 
equipment, invasive surgery and the technical 
expertise needed to perform the procedure. Since, 
laparoscopic intrauterine AI is banned in most of the 
North European countries and hence special 
attention has been paid to cervical AI with frozen 
semen (5, 6). 

Estrus, Estrus Signs and their Detection 

Sexual receptivity in the female is expressed in a 
short period of time known as estrus. Females 
undergo behavioral changes during the estrus 
period indicating sexual excitement and receptivity 
to the male. The signs of estrus are primarily 
changes in behavior, one or more of which may be 
exhibited by most does which includes, increased 
frequency of bleating, frequent urination, obvious 
restlessness or an increase in doe interaction, tail 
flagging, increased curiosity and attentiveness to 
the flock handler, exhibition of mounting behavior by 
does, receptivity to mounting (standing heat), and 
anatomic changes including swelling of the vulva, 
discharge of vaginal mucus and hyperemia of the 
vulva etc. (7). 

Behavioral manifestations along with anatomic 
changes are the best tools to schedule the time of 
mating either by natural service or by AI. When 
bucks are available, does actively seek males when 
they are in estrus. Bucks odour seems to have a 
stimulatory effect on does. The most dependable 
sign of estrus is the doe's response to a buck (6). A 
doe will remain immobile for breeding only during 
this period of standing heat, which lasts from 12 to 
48h (Average 36h) (8). Successful AI requires that 
human judgment be substituted for a buck's instinct 
and libido. Does should be observed at least twice a 
day (early morning and late night; cool hrs) when 
the animals are free from distractions. 

Different practical methods of estrus detection are 
used, including use of entire males, vasectomized 
males or androgenized females fitted with an apron 

harness and marking crayons. These 'teasers' may 
be run with the flock and marked does removed 
once or twice per day, or they may be taken to the 
females at regular intervals and their behavior 
observed directly.

Pregnancy rates in goats following AI after cervical 
or trans cervical insemination with frozen semen 
vary from 7–79 percent in different breeds of goats 
(9, 10). Chilled and frozen-thawed semen is used 
for insemination in natural, synchronized or induced 
estrus in which several factors can influence the 
fertility. In majority of the studies, season, breed, 
age of goats, estrus synchronization protocol, time 
and number of AI, body condition score and the 
breeding technology per se have been the reported 
for variable fertility results.

Factors Influencing Fertility

1.Type of Estrus (Natural / Synchronized / 
Induced estrus)

Successful AI depends on an efficient management 
of estrus detection. Sexual receptivity of the female 
is evidenced by the postural immobilization of the 
female in response to mounting by the male. In 
order to control the time of onset of estrus in the 
normal breeding season, simple technique of male 
segregation and reintroduction have been 
employed to synchronise oestrus and ovulation 
called as “buck effect”.In large commercial herds, 
economic considerations necessitate the 
synchronization of estrus in females which are 
cycling naturally, or its induction during the non-
breeding season, with insemination performed at a 
fixed time either in relation to the beginning of estrus 
or the end of a hormonal (PMSG) treatment (6). The 
hormonal treatment generally used to induce estrus 
and ovulation is based on combinations of 
progesterone or a progestogen treatment followed 
by ECG and may include treatment with commercial 
melatonin and prostaglandin analogues (8).Non-
hormonal techniques of estrus synchronization may 
also be employed which includes, flushing up, buck 
effect and photo period management.

Due to the ease of use and availability, the 
Controlled Internal Drug Releasing Device (CIDR) 
has become the gold standard for progesterone 
delivery in sheep and goats (11). Estrus in animals 
treated with CIDRs typically occurs within 48h after 
withdrawal of the device (11). Administration of eCG 
can induce ovulation in ewes and does during 
anestrous (3). 

2. Characteristics of Individual Animal

Irrespective of the process used for freezing, 
differences have been observed between males 
regarding the freezability and fertility of semen. This 
variability is relatively independent of prior semen 
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quality and the semen of certain individuals 
consistently freezes with less cryo injury than that of 
others. Spermatozoa acquire cold shock sensitivity 
as they traverse the epididymal tubules and this 
variability is believed to be related to changes in 
membrane lipids during the epididymal transit. 
Sperm mixing in the epididymis may provide a 
potential mechanism for variability in response to 
subsequent temperature fluctuation, in their 
response to freeze-thawing.

3. Season of Semen Production

Reports on the freezability and fertility of semen 
collected in the breeding and non-breeding season 
are contradictory. Some investigators found that 
freezability and fertility of frozen-thawed 
spermatozoa was better when collected in the 
breeding than in the non-breeding season and 
recommended its long-term storage during the 
normal breeding season (12). Contrarily, other 
workers (13) observed no seasonal difference on 
fertility. Temperature has been suggested as major 
factor affecting the seminal quality parameters in 
both Gaddi and Chegu breed of goat during 
breeding season(14).

4. Physiological Condition of Females

The physiological condition of the doe varies with 
parity, season, level of production and age. 
Therefore, all these factors have been influencing 
the success of hormonal treatments to induce 
estrus synchronisation and ovulation for the 
subsequent AI (3). Fertil ity after estrus 
synchronisation and AI is low during postpartum 
and lactational anestrous. The time between 
kidding and re-breeding affects the fertility of goats.

5. Age and Parity

After hormonal induction of estrus, nulliparous 
goats were less fertile than primiparous or 
m u l t i p a r o u s  g o a t s  w h e n  i n s e m i n a t e d  
intracervically. Maiden goats should be 
inseminated via laparoscopic method rather than 
cervical method because of the difficulty in opening 
the vagina with a speculum. 

6. Volume of Inseminate and Number of 
Spermatozoa

The total number of spermatozoa inseminated per 
female is one of the main factors affecting fertility, 
and it is necessary to know the threshold at which 
the required fertility is obtained for a given breed 
with females synchronised by particular methods 
for various conditions of semen storage. The 
optimal number of sperm per inseminate depends 
on the fertility of the sire, inseminator competence, 
and the timing of insemination relative to ovulation. 
Laparoscopic insemination directly into the uterine 
horns requires fewer sperm than trans-cervical 

insemination into the uterine body. Greater number 
of sperms are required for either cervical or vaginal 
insemination (6). As a result, most goat semen 
processors package goat semen in concentrations 
that yields 50 to 100 million progressively motile 
sperm cells after freezing and thawing (3, 5)or in 
other words initial pre-freeze concentrations should 
be between 200 and 400 million per milliliter of 
extended semen. 

7. Site of Semen Deposition

Another important consideration with respect to 
sperm numbers has to do with the site of semen 
deposition. It is likely that many failures in goat AI 
are the result of misplaced semen. Semen should 
be deposited in the body of the uterus, although 
cranial cervical deposition has yielded satisfactory 
results. Gauging the depth of AI gun penetration by 
marking the gun as well as developing the proper 
“feel” when applying pressure to pass the AI gun 
through the cervical rings should improve AI 
success rates (3, 6). Comparisons between 
laparoscopic and cervical inseminations in dairy 
goats have shown significant differences in fertility 
rates (62.6% vs 49.3%), regardless of the low 
numbers of total spermatozoa deposited. 

8. Importance of Timing in Artificial 
Insemination

Does do not ovulate until late estrus or shortly after 
the end of standing estrus. Generally, the timing of 
AI varies according to the AI method used, the 
nature of estrus (spontaneous or induced), the type 
of semen (fresh diluted/ undiluted or frozen), the 
age and breed of the animal, and whether single or 
double AI is to be performed. For optimal result does 
should be inseminated during the latter half of 
standing heat or shortly after the end of standing 
heat (6, 7). Quite often, goat breeders follow the 
am:pm rule as used in breeding cattle. Also, best 
practice is to inseminate at least 12h after the first 
observation of heat, with preference for late rather 
than early insemination (6). 

9. Inseminator Competence and Training  

An inseminator competence in handling and 
placement of semen within the reproductive tract of 
does play a crucial role. It should be clear that 
frozen semen may be of excellent quality when it 
leaves a buck stud or AI facility, fertility will be poor if 
semen is improperly handled or deposited in the 
wrong place at the wrong time (6). Care must be 
taken to prevent loss of sperm in straws or AI gun. It 
has been observed that rapid expulsion (2–3s or 
less) of semen from AI gun resulted in 27 per cent 
semen residue remaining in the rod, which 
translates to loss. He suggested that slow and 
steady expulsion of semen over a period of 5–7s 
while insemination can minimize the loss 
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associated with rapid expulsion.

Conclusion

In conclusion, timing between semen deposition 
and ovulation is an important factor in obtaining 
good conception results. Deeper the semen is 
deposited in the genital tract, a higher rate of 
pregnancy is obtained, greater still when the 
catheter reaches the uterus. This is more justified 
when frozen-thawed semen is used in comparison 
with chilled semen and no effect was observed with 
fresh semen. Preference of insemination technique 
depends upon type of semen (fresh/chilled/frozen), 
volume and dose of inseminate to be used for breed 
conservation and genetic propagation. Fresh buck 
semen using, vaginal (peri-cervical deposition of 
semen) and cervical (intra-cervical deposition of 
semen) AI techniques result in acceptable 
pregnancy rates if the appropriate volume of 
inseminate dose and number of spermatozoa are 
used. However, Laparoscopic intrauterine 
insemination or Trans-cervical intrauterine AI 
resulted in acceptable pregnancy rates when using 
frozen semen.
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Introduction

RUIN is the abbreviation for Radio-Ulnar Ischemic 
Necrosis resulting in progressive degeneration of the 
radius and ulna. The characteristic X-ray or CT scan 
profile is a permeated bone destruction extending 
from the interosseous ligament into the radius, ulna, 
or both bones in the dog's forelimb (s).  The lesion is 
typically localized in the proximal radio-ulnar joint. 
The etiology may include vascular tumors,  such as 
ben ign  hemang ioma ,  h i gh l y  ma l i gnan t  
hemangiosarcoma, or fungal infection.

Case History/ Treatment

Athena Vandyke, a 2years and 6 months old spayed 
female (32 kg) German shepherd was presented to 
the Milford Veterinary Clinic for periodic health 
checks and vaccinations from October 11 to 
December 17, 2018. The companion animal was 
also successfully treated for persistent otitis, 
especially in the right ear: Otomax®, 4-5 drops BID x 
14 days. On March 4, 2019 Athena was presented to 
the clinic with lameness and soft tissue swelling in 
the right forelimb. Anamnesis revealed the pet's 

limping on the right forelimb with yelping on applying 
even gentle pressure on the same side shoulder 2 
weeks ago with no traumatic injury. Physical 
examination: weight reduced to 28.9 kg, eating and 
drinking well with no vomiting, diarrhoea, coughing or 
sneezing episodes. On digital palpation, the patient 
evinced increased pain perception in the non-weight 
bearing right elbow region. The heart/lung sounds 
were normal. Dental tartar cleaning was advised. 

In-house R/L and L/L view survey radiographs 
revealed circumscribed osteolytic lesions with 
cortical tissue bone loss and enthesophytes in the 
proximal one-third region of the right radio-ulna. 
Similar lesions were seen also in the left radio-ulna in 
the initial stage. 

Pain medication NSAID, Rimadyl® (Carprofen) 
injected S/Cin the clinic with the follow-up homecare 
oral Rimadyl® @ 62.5 mg (½ 100 mg+ ½ 25 mg 
tablet) BID x 5 days with food proved highly 
beneficial. Scanning of the scanty published reports 
revealed a striking similarity in the clinical profile of 
another dog patient in a recent communication on the 
rare/undetected pathoclinical syndrome, Radio-

Management of Radio-Ulnar Ischemic Necrosis
in a Spayed Female German Shepherd Dog
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Milford Veterinary Clinic, 110 Canal Street, Milford, USA and College of Veterinary Science,

Nanaji Deshmukh Veterinary Science University, Jabalpur, Madhya Pradesh.

Abstract

Athena Vandyke, a young spayed female German Shephard was presented to the clinic initially for the treatment of 
otitis, which was resolved successfully. However, on March 4th, 2019 she was presented with lameness of the right 
forelimb. Pain perception was accentuated on digital palpation of the right elbow area. The patient was given pain 
medication, Rimadyl®(Carprofen) injection with follow-up home oral preparation. Review of the scanty published 
reports raised the suspicion of radio-ulnar ischemic necrosis (RUIN) of unknown etiology, which was corroborated 
by the feed-back received from Veterinary Information Network (VIN), portal for field veterinarians across the 
globe.
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Ulnar Ischemic Necrosis, RUIN (1). 

Corroborative information was obtained from 
Veterinary Information Network (VIN). The owner 
was briefed on further definitive diagnostic aids: 
surgical biopsy and referral histopathology of the 
FNA samples with the projected line of treatment. In 
the event of further limb bones weakening and 
increased susceptibility to fracture: curetting of the 
degraded bony areas and filling with homo-bone 
graft, with or without stainless steel plating at well-
defined location(s) was also explained. Since the 
client declined because of financial constraints, the 
patient is continuing on as need basis on pain 
medication with confinement.

Discussion

Radioulnar ischemic necrosis or RUIN represents a 
group of lesions with osteolytic degradation and 
enthesophytes, targeting specifically the insertion 
zone of the interosseous ligament between the 
radius and ulna in the dog. The precise etiology 
remains to be clearly delineated, though 
intravascular tumors and fungal infections have 
been implicated. Currently, the tentative diagnosis is 
based on 3-view radiographs, CT scan, or MRI. For 
definitive diagnosis, FNA sampling under 
fluoroscopic or radiographic guidance is required. 
However, obtaining a representative sample perse is 
highly challenging. The biopsy sample is subjected 
to the referral Oncologist's histopathological 
evaluation. 

It remains a mute point, why the medullary bone and 
cortex at the proximal radio-ulnar joint: articulation of 
the head of radius with radial notch of the ulna (blood 
supply from the nutrient artery originating from the 
brachial artery)is specifically targeted for ischemic 
necrosis? Scrapping the damaged bony tissue, 
replenishing with healthy bone graft to stimulate 
healing, and reinforcement with steel plates is a 
rational remedial strategy. The tumor-affected end of 
ulna may be subjected to segmental resection. 
However, if the necrobiotic degradation is very 
extensive, amputation may become inevitable. 
Prognosis is guarded, if metastasis is established. A 
similar necrobiotic process may affect the dog's 
accessory carpal bone (2), and promote 
enchondromatosis in the radio-ulnarmedullary cavity 

(3).

The elbow is a complex joint, designed for smooth 
locomotion. RUIN isa state of enthesopathy with 
osteolytic component: bone replaced with cartilage 
in ischemic (low O2 tension) conditions. It is logical to 
presume that the increased pain perception in RUIN 
patients is primarily a consequence of grossly 
enhanced intra-medullary pressure following 
inflammation. In this context it is pertinent to recall 
that in human orthopedic patients “compartmental 
syndromes” (4) envisage that increased tissue 
pressure generates increased local venous pressure 
leading to diminished arterio-venous gradient to a 
point where the metabolic demands of the functional 
tissue (osteoblasts) are no longer fulfilled, resulting 
in dysfunction atrophy and accelerated osteoclasts 
activity. A similar imbalance in capil lary 
microcirculation is envisioned by us in RUIN cases in 
dogs. 

The possible impaired trans-membrane passage of 
essential nutrients and venous return of the 
degradation across the plasma membranes of the 
l in ing endothel ia l  cel ls fol lowing micro-
coagulopathies may be probed with high resolution 
electron microscopy and coagulation panel in future 
in-depth trials.
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Introduction

Eyelid tumors in the aged dogs, originating from 
meibomian glands, are generally benign. The 
evidence- based treatment for a small mass (2-3 
mm) is surgical full-thicknesswedge incision, 
named 'V-Plasty' in medical parlance used for the 
complete mass removal (1, 2). Excision of the eyelid 
mass is curative, but restoration of normal eyelid 
structure is essential for sustained ocular surface 
health along with the cosmetic considerations (3).

The surgical wound may be closed without 
additional blepharoplasty if the excised eyelid 
margin is less than 25-33% of the total length (4, 5). 
For uneventful surgical wound healing three 
methods are described in the scanned veterinary 
medicine literature. (i) The single-layer wound 
closure (2,5) is initiated by apposing the excised 
eyelid margin with a figure-of-eight, or horizontal 
mattress pattern with suitable absorbable / non-
absorbable suture. The muscle-skin layer is closed 
with single, interrupted sutures. (ii) Two-layered 
wound closure (6) starts with the apposition of the 
deeper tarsoconjunctival layer with a single 
continuous suture with buried knots of absorbable 
suture. The eyelid margin and skin layer are sutured 
with non absorbable / absorbable suture. (iii) In the 
modified two layered wound closure method (7, 8), 
one single absorbable horizontal mattress suture 
with a buried knot is used to closely appose the 
tarsoconjunctival plate. The eyelid margin and the 
muscle-skin are sutured as described in the single-
layer wound closure technique. This method is most 
commonly used in human ophthalmic surgery (8). In 
a prospective randomized study of 43 eyelid tumor 
(meibomian gland adenoma) cases more patients 

showed perfect alignment of the excised eyelid in 
two-layers vs. one-layer wound closure; the 
parameters of evaluation being the quantum of 
wound recovery, eyelid functional status and 
stability of the pre-ocular tear film (9). 

Case history

Sniff Villemure, a 9-year-old neutered male Pitbull 
mix (28.5 kg) was presented to Milford Veterinary 
Clinic on October 21, 2020 for treatment of a visible 
growth on the right lower eyelid. The lady owner had 
noticed this growth a few months earlier, but it was 
not apparently hurting the patient. On physical 
examination, another discrete mass was noticed on 
the ventral thoracic area. The rectal temperature, 
heart rate, respiration rate, capillary refill time (CRT) 
mucous membrane color and body condition score 
(BCS) were all normal.

Close monitoring of the growth in the eyelid margin 
(Fig.1) revealed that it was not facing inwards, 
which prevented corneal infection from blinking of 
the eyelids. However, this possibility could not be 

Successful V-Plasty Surgical Ablation of Lower
Eyelid Margin Tumor in Dog: A Case Report

Sabita Rakshit, Jenny Feigley, Dale Clark and Kabita Roy
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Nanaji Deshmukh Veterinary Science University, Jabalpur, Madhya Pradesh.

Abstract

A 9-year-old neutered male Pitbull mix dog (28.5 kg) was presented to the home clinic (MVC) on October 21, 
2020 with a small growth in the right lower eyelid margin. Anamnesis revealed that the mass was noticed by the 
lady owner a few months earlier, but the pet showed no signs of discomfort. Another small mass was located in 
the pet's ventral thoracic region. The clinical parameters were all normal. The blood work in the home diagnostic 
facility showed that all the hemato-biochemical parameters were within the reference intervals. Further, the 
animal tested negative for the endemic heart worm infection and the major tick-borne disorders. In perspective, 
with the well-informed owner's formal consent, ophthalmic surgery was scheduled on the 25th November, 2020. 
The entire mass was removed from the affected. eyelid with 'V-Plasty'wedge incision. Mass in the thoracic 
xiphoid area was also removed concurrently. Post-operative care comprised broad-spectrum antibiotic and pain 
relief medications, and the continuous use of e-collar for two weeks

Fig. 1a Patient with eyelid growth Fig. 1b Closeup of the eyelid growth
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ruled out if the tumor grew bigger in size with the 
passage of time. The owner was accordingly 
advised to get this tumor removed concurrent with 
the mass in the thoracic xiphoid area. The in-house 
blood test with all the parameters within the normal 
range, and negative '4DX' test: Heartworm, and 
major tick-borne illnesses (Ehrlichiosis, Lyme's 
disease and Anaplasmosis) attesting to no risk, 
surgery was scheduled for November 25, 2020 in 
the morning hours.

The patient was given Acepromazine [10mg/ml] 
0.20 ml and Butorphanol [10mg/ml] 0.5 ml, 
subcutaneously as pre-medication. The anesthesia 
was induced intravenously using a combination of 
Ketamine [100mg/ml] 1.6ml and Midazolam 
[5mg/ml] 1.6ml. After intubation, the patient was 
hooked to the Isoflurane gas anesthesia. 

After the surgical preparation, the eyelid mass was 
removed using V-Plasty technique. Straight 
hemostats were secured in position in the form of 
'V',lateral to the growth and left in position for a 
minute or two (Fig.2) to ensure adequate 
compression of blood vessels to minimize bleeding 
during the surgical incision.

Using a pair of tenotomy scissors (Fig.3) a sharp 
surgical incision was made holding the growth with 
tissue forceps.

The tumor was removed with negligible bleeding 
(Fig.4). Biopsy samples could be sent to the 
pathologist for histopathologic evaluation of the 
eyelid mass, but was declined by the owner on cost 
considerations.

The 'V-Plasty'wedge wound was closed in two-
layerswith the 4-0 absorbable Monomend suture 
(Fig.5, Fig. 6). The subcutaneous figure-of-
eightpattern suturing was done to match the 
margins of the eyelid perfectly, taking care to avoid 
the mucosal lining. The skin layer is routinely closed 
with a 4-0 non-absorbable suture like nylon. 
However, in the instant case 4-0 absorbable suture 
in simple interrupted pattern was used, since 
without sedation suture removal close to the eye 

Fig. 2 Clamp on both sides of the growth with hemostats

Fig. 3a & b Cut on one side after removing the hemostat
followed by the other side

Fig. 4 Tumor removed and held with the forceps.
The V-cut denoted by *

Fig. 5 First layer of suturing:
Fig. 6 starts distally, appositional forces are the
margin. The second layer is skin suture, simple
interrupted pattern

Fig. 6a Suturing in
two layers

Fig. 6b After Suturing
completed
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Table 2. Patient's blood biochemical profile on 21.10.2020.

Parameters (Units) Value
Reference
Interval*

Status

Glucose (mg/dL

SDMA (µg/dL)

Creatinine (mg/dL)

BUN (mg/dL)

BUN/ Creatinine ratio

Phosphate (mg/dL)

Total calcium (mg/dL)

Total protein (g/dL)

Albumin (g/dL)

Globulin (g/dL)

A/G ratio

ALT (U/L)

ALP (U/L)

GGT (U/L)

Amylase (U/L)

Lipase (U/L)

Total Bilirubin (mg/dL)

Cholesterol (mg/dL)

Na+ (mmol/L)

K+ (mmol/L)

Na/K

Cl- (mmol/L)

105

10

1.3

13

10

3.0

10.5

7.2

3.5

3.7

0.9

54

64

0

440

1056

0.1

190

149

3.8

39

116

74-143

0-14

0.5-1.8

7-27

2.5-6.8

7.9-12.0

5.2-8.2

2.3-4.0

2.5-4.5

10.-125

23-212

0-11

500-1500

200-1800

0.0-0.9

110-320

144-160

3.5-5.8

109-122

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Low

Normal

Normal

Normal

Normal

Normal

Normal

* MVC Diagnostics Lab
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involves undue risk. Care was taken to avoid 
puckering of the skin.

The growth in the xiphoid area was removed and 
sutured. The patient was given broad spectrum 
antibiotic, Polyflex®@30mg/kg and NSAID 
Rimadyl®@ 2.2mg/kgS/Q. Take home antibiotics 
Cefpodoxime @ 5mg/kg OD for 10 days, and oral 
Rimadyl® @ 2.2mg/kg BID for 5 days was 
dispensed.

Recheck a week later was uneventful; the patient 
bright, alert and responsive (BAR). Healing was fine 
(Fig.7) and the owner was very happy with the 
outcome of the treatment.

Auto CBC Analyzer; Blood Chemistry Auto Analyzer

Table1. Patient's pre-surgery hemogram. On 21.10.2020.

Parameters (Units) Value
Reference
Interval*

Status

TEC (1x106/µL) 

Hematocrit (%)

Hemoglobin (g/dL)

MCV (fL)

MCH (pg)

MCHC (%)

RDW (%)

Reticulocyte (%)

Reticulocyte-Hb (pg)

TLC (1x 103/µL)

Neutrophil (%)

Lymphocyte (%)

Monocyte (%)

Eosinophil (%)

Basophil (%)

Neutrophil (1x103/µL) 

Lymphocyte(1x103/ µL)

Monocyte (1x103/µL)

Eosinophil (1x103/µL)

Basophil (1x103/µL)

Thrombocyte (1x103/ µL)

7.67

52.1

17.9

67.9

23.3

34.4

17.4

0.4

26.2

12.7

74.1

16.8

5.1

3.1

0.9

9.41

2.13

0.65

0.39

0.12

310

5.65-8.87

37.3-61.7

13.1-20.5

61.6-73.5

21.2-25.9

32.0-37.9

13.8-21.7

22.3-29.6

5.05-16.76

2.95-11.64

1.05-5.10

0.16-1.12

0.06-1.23

0.00-0.10

148-484

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

Normal

High

Normal

* MVC Diagnostics Lab

Diagnostic panel

Fig. 7a Patient after a
week with e-collar.

Fig. 7b Closeup of 
the eye.

40



Vol.X | Issue 2 | Feb. 2021

RAKSHA TECHNICAL REVIEW COMPANION ANIMAL SECTION

Discussion

Surgical outcome with well-aligned eyelid margin is 
essential for sustained ocular surface health and 
stabilized pre-ocular tear film (10, 11). An uneven 
eyelid margin may lead to trichiasis and/or irregular 
distribution of the periocular tear film with 
destabilization resulting from grossly increased 
evaporation of the lacrimal fluid culminating in 
keratitis / keratoconjunctivitis. Such eventuality did 
not arise in the present case because of well-
planned and executed V-Plasty surgical procedure. 
The pet was fasted overnight. Special fine gauze 
sterilized instruments and sutures were kept ready 
in the OT. Surgery was curative with complete 
removal of the tumor, presumably benign with no 
chance of recurrence. The owner was briefed in-
depth for post-operative home care, especially the 
use of e-collar for 10-14 days to prevent injury. 
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Introduction

Cat-specific cholangitis / cholangiohepatitis, 
pancreatitis and inflammatory bowel disease (IBD) 
comorbidity is named “triaditis”; the postulated 
shared etiology remains to be established 
(1,2).Though the clinical symptoms of cholangitis 
often predominate, the major contributors to 
pathogenesis are pancreatitis and IBD (3). Notably, 
in the companion dog the pathoclinical syndrome, 
triaditis has not been reported. Intestinal 
inflammation in the cats may lead to ascending 
bacterial infection from the duodenum into the liver 
and pancreas (4). In this context, it is pertinent to 
recall that the short feline small intestine with high 
resident bacterial load, and the unique morpho-
ecological feature: the pancreatic duct joins the 
common bile duct and enters the duodenum papilla 
in the sphincter of Oddi with markedly increased 
chance of microbial infection, mainly Escherichia 
coli (2) leading to inflammatory disease (5), as 
compared to dogs (6). Additionally, vomiting may 
promote reflux entry of duodenal fluid into the 
pancreatic / bile duct, significantly contributing to 
cascading inflammation (7). Immune factor is also 
involved in the pathogenesis of triaditis (2, 8). Cases 
are presented to the clinic in the acute / chronic 
phase with no breed / gender predisposition (5,9). 
However, the middle aged, mature cats are more 
susceptible (6). The therapeutic strategy is mainly 
focused on the major disease component, starting 
with appropriate oral rehydration fluid therapy 
aimed for early restoration of cell water-cum-
electrolytes homeostasis. Nutraceuticals, 
medicaments for pain relief and control of nausea 
and vomiting, and need-based antibiotics are 

recommended. The prognosis improves with early 
diagnosis and treatment, along with the well-
informed owner’s homecare.

Comorbidities in Triaditis

Cholangitis

Whereas inflammation of the bile ducts alone is 
named cholangitis, concurrent involvement of the 
hepatic parenchyma too is referred to as 
cholangiohepatitis (10). (Notably, whereas 
cholangitis per se was the common feature in 
histopathology of ~1500 liver biopsy samples in a 
UK study (11), hepatic involvement with marked 
lipidosis was the most conspicuous observation in 
the USA (12). The World Small Animal Veterinary 
Association (WSAVA) has currently categorized 
feline cholangitis into neutrophilic, lymphocytic, and 
chronic formats. Thus, neutrophilic cholangitis 
(NC), the most commonly observed form is 
characterized by massive in situ infiltration of 
circulatory polymorphic neutrophils (10), designed 
to combat ascending pathogenic bacterial infection 
from the intestine (12,13,14). Lymphocytic 
cholangitis (LC) is evidenced by infiltration of small 
lymphocytes into the portal region (with varying 
degree of fibrosis), bile ducts and the biliary 
epithelium. A few plasma cells and eosinophils may 
also be observed. Chronic cholangitis, associated 
specifically with liver fluke infection, is characterized 
by the dilated larger bile ducts with papillary 
projections and marked fibrosis of the periductal as 
well as portal areas. Subdued inflammation may be 
seen within the ducts (neutrophils, macrophages) 
as well as the portal areas (neutrophils, 
lymphocytes and plasma cells). The number of liver 

FelineTriaditis : Cholangio-hepatitis, Pancreatitis and
Inflammatory Bowel Disease - An Overview 

Sabita Rakshit, Dale Clark, Kabita Roy and I C Datta
Milford Veterinary Clinic, 110 Canal Street, Milford, USA and

College of Veterinary Science (NDVSU), Jabalpur, Madhya Pradesh.

Abstract

Cat-specific cholangitis / cholangiohepatitis, pancreatitis (acute / chronic), and inflammatory bowel disease 
(IBD), collectively named “triaditis” appear to represent a multi-organ inflammatory bio-episode. The presumed 
shared aetiology remains to be clearly deciphered. Apart from the primary etiology, infectious microbiome, 
autoimmune component and mechanical obstruction in the duodenum may also be involved. Nuances in the 
geometric configuration of the feline gastro-intestinal tract and appendages may importantly contribute to 
pathogenesis. Specifically, the short small intestine, high itinerant bacterial population density, and the echo-
morphologic feature: pancreatic duct joining the common bile duct before entering the duodenal papilla 
significantly increase the risk of parenchymal microbial infection in the specified internal organs. Alternatively, 
inflammation may be the consequence of enteric bacterial translocation, resulting in bacteremia. In this 
communication, the literature on feline triaditis is reviewed, and management recommendations are highlighted 
for providing useful inputs to pet practitioners. 
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flukes and their eggs within the dilated bile ducts is 
highly variable (10).

Pancreatitis

Inflammation of the pancreas may be the 
consequence o f  la tent  v i ra l  in fec t ion ,  
toxoplasmosis, liver fluke infection, trauma and 
organophosphate toxicity (15,16). Based on 
histopathological profile, pancreatitis may be 
divided into acute and chronic inflammation (17,18). 
Acute Pancreatitis (AP) is evidenced by neutrophilic 
inflammation with the associated intestinal edema 
and necrobiotic degradation of mesenteric fat. 
Chronic Pancreatitis (CP), more likely in feline 
triaditis (19), is characterized by lymphocytic 
inflammation, fibrosis and acinar atrophy (20). 
Notably, pancreatic inflammation may extend to 
encompass the pancreatic duct and even the 
sphincter of Oddi, culminating in cholangitis, and 
potentially extra-hepatic biliary obstruction. Thus, 
cholangitis is certainly a risk factor for pancreatitis 
(21).

Inflammatory Bowel Disease (IBD)

Since the precise etiology of IBD in cats has not 
been clearly established taking the analogy of IBD 
in humans and dogs, it is envisaged that 
pathogenesis of feline enteric disorder is the 
outcome of imbalanced itinerant microflora 
population, food antigens, genetic factors, and 
deranged intestinal immune system. Balanced 
intestinal microflora ecosystem is crucial to 
uncompromised feline intestinal health (22). This 
contention is supported by the higher mucosal 
Enterobacteriaceae spp. population density in the 
cats with signs of gastrointestinal disease, vs. the 
normal cats (23).

It is pertinent to emphasize that in feline IBD the 
number of Enterobacteriaceae spp. and 
Clostridium spp. is correlated with covert 
aberrations in the feline intestinal mucosal 
histoarchitecture, manifested as atrophy and 
fusion. On the other hand, since these cats have 
lower numbers of faecal Bifidobacterium species, 
compared with healthy cats (24). Bifidobacteria 
spp. may be beneficial in promoting a favourable 
anti-inflammatory environment, and decreased 
numbers may be detrimental to cats at high risk for 
primary gastro-intestinal disease (25). Notably, IBD 
mainly affects middle aged mature cats (26). 

Prevalence

Several reports on the prevalence of feline triaditis 
document wide ranging formats cholangitis / 
cholangiohepatitis / pancreatitis / inflammatory 
bowel disease (IBD), occurring singly or in 
combination (3, 14, 27, 28). The inference is based 
on the histopathological evaluation of statistically 

significant sample size of necropsies of the 
gastrointestinal and hepatic pancreatic tissue with 
supportive evidence from the pathoclinical / 
haematobiochemical profile, radiographic and 
ultrasonography findings (19). In one study based 
on necropsy histopathological findings in 78 cats, 
46% had lymphocytic portal hepatitis and 23% 
cholangitis. In the cats with lymphocytic portal 
hepatitis the prevalence of IBD (28%) and 
pancreatitis (14%) was also recorded. Further, 39% 
of the cats with cholangitis revealed signs of mild 
pancreatitis (29). 

Aetiology

The aetiology of feline triaditis has not be definitely 
established yet. However, it is most likely that the 
cat-specific comorbid inflammatory disease is the 
end-result of bacterial infection, presumably 
aggravated by an autoimmune process, or physical 
obstruction in the intestine. It is also not certain 
whether the disease in all the affected abdominal 
organs has a common aetiology, or a consortium of 
causative factors targets different organs(19). It is 
reiterated that the eco-morphological adaptations in 
the feline gastrointestinal tract and its appendages 
(Fig.1) significantly increases the risk of ascending 
bacterial infection into the parenchyma of liver and 
pancreas leading to cascading inflammatory bio 
episode (23).

Close proximity of the feline pancreas, bile duct and 
the small intestine may facilitate local infection. In 
point of fact, intestinal inflammation may promote 
the translocation of enteric bacteria into the liver 
and pancreas (2). Physical obstruction in the flow of 
bile / pancreatic juice may play a role in feline 
triaditis. The sphincter of Oddi, a muscular valve 
that controls the flow of digestive fluids, is located 
within the wall of the duodenum at the terminal end 
of the common bile duct. Blockage or dysfunction of 

Fig. 1. Confluence of the feline pancreatic duct
with the bile duct before entering the duodenum.
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the sphincter may predispose cats to pancreatitis 
and cholangitis (30, 31, 32). In pancreatitis, 
digestive enzymes are unable to leave the inflamed 
glandular parenchyma leading to acinar 
autodigestion (29). 

Involvement of an immune-mediated component in 
the pathophysiology of feline triaditis (8) appears to 
be rational in the context of sequential bioepisodes. 
Thus, the memory lymphocytes, originating in IBD, 
emigrate into the liver and pancreas, and get 
activated contributing to accelerated inflammation 
and tissue damage.

Compromised mucosal integrity, secondary to IBD, 
may lead to increased release of the chemical 
mediators of inflammation like cytokines, 
endotoxins and facilitate the access of opportunistic 
pathogenic bacteria into the hepatic portal 
circulation. This pathobiochemical event may, in 
turn, promote immune complex deposition within 
the liver parenchyma, complement activation and 
cell damage (1, 26).

Clinical Profile

Feline patients with cholangitis, pancreatitis and / or 
IBD may manifest with non-specific and 
overlapping clinical signs: hyporexia / anorexia, 
polyphagia, vomiting, diarrhea, weight loss and 
abdominal pain. Lethargy, dehydration, jaundice 
and pyrexia may also be observed in cholangitis 
and pancreatitis. Hypothermia occurs only in 
pancreatitis. Vasculitis may develop frequently in 
severe triaditis (19).

Cases of chronic pancreatitis generally remain 
subclinical and diagnosis is highly challenging (19). 
Concurrent diabetes mellitus may aggravate the 
condition and culminate in ketoacidosis (33). Cats 
with neutrophilic cholangitis, generally young (3-5 
years' age group), present with an acute illness 
lasting for about a week usually with non-specific 
clinical signs(34). Cases of lymphocytic cholangitis 
often reveal signs of icterus following manifold 
increase in serum total bilirubin concentration (3). 
Ascites and hepatomegaly are also observed.

Cats appear to be adaptable in hiding pain 
perception, and IBD often remains undiagnosed. 
Clinical signs are not specific. The physician's 
clinical judgment is largely based on exclusion of 
other alimentary tract ailments. Definitive diagnosis 
based on histopathology of endobiopsy samples is 
not practical under the field conditions.

Diagnosis

I. Hematobiochemical Profile

In cats with cholangitis, the hemogram may reveal 
neutrophilia, and serum biochemistry panel, 
i n c r e a s e d  c o n c e n t r a t i o n s  o f  a l a n i n e  

aminotransferase (ALT), aspartate amino- 
transferase (AST), alkaline phosphatase (ALP) 
bilirubinemia of varying magnitude (12). Serum bile 
acid concentration faithfully reflects obstruction to 
bile flow, and the bile acid stimulation test provides 
more pragmatic information about the possible 
damage to the hepatocytes than increased 
circulatory titres of the liver enzymes in non-
jaundiced cats free from cholestasis (35). 
Regenerative / non-regenerative anemia may occur 
in feline patients with acute pancreatitis, but is often 
masked by tissue dehydration (27). Leukopenia is 
associated with unfavourable prognosis, and non-
immune-mediated hemolytic anemia may result 
from oxidative damage (36).

Significantly increased circulatory titres of ALT and 
ALP reflect comorbid pancreatitis (2, 36, 37), the 
bioresponse more marked in chronic pancreatitis, 
presumably because of concomitant hepatobiliary 
involvement. In cats the dietary cobalamin (Vitamin 
B ), importantly involved in amino acid metabolism 12

(38), is absorbed in the ileum through a complex 
receptor-mediated process (39, 40). Therefore, 
subnormal serum cobalamin concentrations occur 
in most cats with gastrointestinal disease, and is a 
proven indicator of feline enteric and pancreatic 
disease (2). Other possible causes of chronic 
intestinal inflammation need to be systematically 
ruled out through faecal examination for 
endoparasites, and microbial culture for pathogenic 
bacteria as per the standard protocols (19).

II. Diagnostic Imaging

Abdominal survey radiography and / or ultrasound 
probe is used to corroborate suspected 
hepatomegaly and free fluid. Ultrasonography may 
reveal diffuse hyperechoic liver parenchyma, 
occasionally with segmental dilatations in the bile 
ducts, suggestive of recurring bouts of obstruction 
with hyperechoic contents. A retrospective study on 
26 cats with cholangitis revealed concurrent 
changes of varying frequency: enlarged / 
hyperechoic / hypoechoic pancreas, and abnormal 
layering in the duodenum (28). In another study on 
cats with moderate to severe cholangitis 
comorbidities in the liver, bile ducts, pancreas, and 
the GI tract of varying frequency were recorded 
(41).

Treatment

Since feline triaditis describes concurrent: 
cholangitis / cholangiohepatitis, pancreatitis and 
IBD, and the etiology is still unclear, the remedial 
strategy needs to be focused on the specific and 
severity of morbidity in each affected organ in the 
patient (Table 1). 

Stable cats on presentation may be treated as an 
out-patient, but cats exhibiting severe clinical signs 
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Table1. Dose levels of the medicines/feed supplements commonly used in the treatment of feline triaditis*

Anthelmintics 

Analgesics

Antibiotics

Immunosuppressive drugs

Nutraceuticals

Vitamins

Appetite stimulants

Metoclopramide*@ 0.2-0.3 mg/kg IV/SC/PO q12h, or  1-2 mg/kg q24h 
CRI (*Should be avoided in patients with pancreatitis) 

Buprenorphine*@0.02-0.03 mg/kg IV/IM/SC q6-12h 
**can also be given transmucosally

Amoxicillin clavulanate @ 10-20 mg/kg SC/IV/PO q8-12h Metronidazole*
@7.5-15mg/kg PO q12-24h *lower dose in severe liver  disorders 

Prednisolone @ 1-2 mg/kg PO q24h Or Cyclosporin @ 5 mg/kg PO q24h

SAMe @ 100mg/cat PO q24h for hepatitis, and as a potent antioxidant
in hepatitis

Cobalamin @250 mcg/cat SC/IM weekly for 6 weeks, then need-based
monthly for 12 weeks Folate @ 0.4-1 mg/cat PO OD
Vitamin K* @ 0.5-1.5 mg/kg SC/IM q24h for 2 days
*Check coagulation factors

Mirtazapine @ 1.9 mg/cat PO or percutaneous q48h
(On clinical judgment use double dose/ increase the frequencyq24h)

*Based on the recommendations of Simpson (2)                
CRI= Constant Rate Infusion 
SAMe” S-adenosyl Methionine (active methionine)

need hospitalization in an emergency care centre. 
The multi-faceted remedial therapy includes fluid 
therapy, analgesics, anthelmintics and assisted 
feeding to preempt hepatic lipidosis. Appropriate IV 
fluid therapy ensures that the internal organs, like 
the pancreas are adequately perfused in the crucial 
12-24 hours' time. The acid-base and electrolytes 
imbalance, such as hypokalemia and hyponatremia 
should be closely monitored and suitably 
addressed, if present (37, 42). 

The fact that cats hide pain and illness very well - a 
protective ecomechanism linked to predator 
avoidance in the wild (43) - means that they appear 
deceptively normal till the asymptomatic condition 
turns very serious (19). Therefore, analgesia is an 
integral part of the effective therapeutic 
management of feline pancreatitis, both acute and 
chronic. Opioids like buprenorphine, methadone or 
fentanyl are highly beneficial (19, 44). 
Neuromodulator analgesics like gabapentin are 
potentially effective pain medications also in cats 
(45).

Anthelmintic therapy has an important role in feline 
triaditis. Nausea, even following intermittent 
vomiting, may contribute to frequent anorexia. 
Maropitant citrate, a very effective antiemetic agent 
targets the neurokinin (NK-1) receptors in the 
vomiting centre located in the medulla oblongata 
(46), and effectively mitigates visceral pain in cats 
with pancreatitis (47). Ondansetron acts on the 
serotonin (5-HT3) receptors in the chemoreceptor 

trigger zone (CRTZ) and serves as effective 
antiemetic in cats (48). 

Since neutrophilic cholangitis is often associated 
with pathogenic bacterial infection, use of 
appropriate antibiotics is warranted. Microbial 
culture and sensitivity testing of the bile aspirate, or 
liver biopsy sample is ideal, but not practical in the 
field. In general, a 4-week course of antibiotics, 
based on clinical judgment of the individual case  is  
indicated; acute  cases responding faster than 
chronic (19). Both Gram +ve and Gram -ve bacteria 
are involved in hepatobiliary infections. These 
include Escherichia coli, Enterococcus spp., along 
with the anerobic Bacteroides spp. and Clostridium 
spp., reported with the prevalence of 7-56% (49, 
50). The duration of antibiotic therapy (often lasting 
several week) needs to be adjusted according to the 
continuing changes in the patient’s clinical profile 
and serum liver enzyme values. In cats with 
jaundice/ significant liver damage, antibiotics that 
are metabolized in the liver (e.g. metronidazole) 
should be used with caution, making proper 
adjustments both in the dose and frequency of 
administration. 

In cats with immune-mediated lymphocytic 
cholangitis, prednisolone, ciclosporin, or 
chloramphenicol is effective (7). Long-term therapy 
with prednisolone has an important role in 
combating IBD (26). However, cyclosporine should 
be considered as the first-choice in cats with 
concurrent diabetes (19). Beneficial effect of 
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nutr i t ional  support  in combat ing fe l ine 
gastrointestinal inflammatory disorders is well-
documented (51-55). 

Nutritional support is crucial in the successful 
holistic management of triaditis in cats, prone to 
develop hepatic lipidosis with inadequate calorie 
intake (56). Appetite stimulants, like mirtazapine 
can boost calories significantly and minimize the 
need for feeding tube placement. However, 
appetizers are contra-indicated in nausea and 
anorexia. The symptomatic adjunct therapy 
includes S-adenosylmethionine (SAMe), named 
‘active methionine’, silybin/ silymarin, potent 
hepatoprotective-cum- hepatogenic preparation 
from milk thistle plant (Silybum marianum) (57, 58). 
The combination preparation, exclusively for the 
veterinary professionals, Deramarin® vet 
(Nutramax US, Inc.) is highly promising new 
preparation in feline triaditis, The preparation for 
cats contains 90 mg S-adenosylmethionine + 31 mg 
silybin-phosphatidyl choline complex, SPC 
providing 9 mg of the active ingredients, silybin 
A+B. S-adenosylmethionine (SAMe), synthesized 
by the body cells from the essential S-amino acid, 
methionine and the high energy moiety ATP is 
essential for transmethylation, trans-sulphuration 
and amino propylation in vivo. Thus, SAMe is 
indispensible to all living cells, especially the 
hepatocytes with a key role in metabolism. The 
concurrent increase in the intracel lular 
concentration of the potent anti-oxidant, glutathione 
(G-SH) protects the liver cells from toxins and 
death, and promotes regeneration (59, 60). SAMe 
also exhibits a noteworthy neuroprotective action 
(61). Silybin/ silymarin is endowed with multiple 
beneficial systemic effects. Thus, in cats, increased 
intracellular G-SH promotes protein synthesis in the 
hepatocytes, and potentiates phagocytic activity in 
the nutrophils. Hepatocytes regeneration 
biomechanisms inhibit IL-1ß-induced synthesis of 
several chemical mediators of inflammation, 
namely PGE2, IL-B, and MCP-1, and translocation 
of of NF-KB (nuclear factor-kappa B), a key 
signaling agent (62), inhibiting highly deleterious 
leukotriene production. Stimulation of bile flow and 
enhanced production of beneficial hepatoprotective 
bile salts like ursodeoxycholine (ursodiol), and 
increased cell levels of G-SH are added biological 
benefits. Other antioxidants like N-acetylcysteine or 
vitamin E (tocopherols) are beneficial. Vitamin K 
supplementation is recommended in cats with liver 
disorders or severe IBD, prone to coagulopathies 
(19). If the blood chemistry panel reveals cobalamin 
deficiency, supplementation is advised initially with 
parenteral injection, and orally subsequently (63).

 

Conclusion

The precise aetiology of feline triaditis: remains 
undecifered. It is not clear if a shared microbial 
etiology is involved, or different disease processes 
target the different organs.  

Selection of the most appropriate dietary support for 
the individual feline patient is highly challenging. In 
view of high digestibility and high-quality protein 
hydrolyzed diets are often preferred. Currently, 
proven commercial diets, Hill’s z/d Feline and 
Purina Feline HA are available in the USA. Royal 
Canine Recovery Liquid may be considered in the 
initial period of recovery if the clinical sign of IBD are 
not severe.
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Introduction

Dermatitis is a broad term used for skin affections. 
Dogs are the commonest animal to suffer from skin 
problems with multitude factors. Atopy is an allergic 
condition caused due to inhalation of allergens or by 
absorption through skin. Atopic dermatitis is an 
allergic skin disease of dogs which is caused by 
immunological hypersensitivity to common 
substances in the environment such as pollen, dust, 
mites etc. It is also defined as a genetically 
predisposed inflammatory and pruritic allergic skin 
disease with characteristic clinical features.

Atopic Dermatitis (AD) is estimated to affect 15% to 
30% of the canine population and in most cases, a 
life-long disease. The exact pathogenesis of CAD is 
not yet completely established, but it is thought to 
involve immunoglobulin (Ig) E-mediated immediate 
and late-phase hypersensitivity reactions to 
environmental allergens. The most prominent signs 
of CAD are erythema and pruritis. The 
consequences of inflammation and pruritis often 
lead to excoriations and self induced alopecia 
and/or the symptoms of the secondary bacterial 

infection (papules, pustules, crust, erosion) and /or 
the symptoms of secondary yeast dermatitis 
(epidermal hyperplasia, hyper pigmentation, 
lichenification) and the most affected body areas 
were the pinnae (58%), the axillae (62%), the 
abdomen (66%), the front feet (75%), the lips (42%) 
and the perineal area (43%) (4).

Epidemiology

The prevalence of CAD is poorly defined and 
various studies have estimates ranging from 3-
30%. The prevalence of CAD is 66.6% with 
reference to breed, geographical distribution, 
clinical signs and positive reactions to allergens 
determined by intradermal skin testing (IST) (5). 
Clinical signs are first noted between 6 months to 3 
years of age (5). Breeds like Boston terrier, Boxer, 
Cairn terrier, West Highland White terrier, Scottish 
Terrier, Fox terrier, Yorkshire terrier, Chinese shar-
pei, Cocker spaniel, English bulldog, English and 
Irish setter, Labrador and Golden retrievers, Pug, 
and German shepherd, and Miniature schnauz are 
more prone to CAD (6). Both male and female are 
equally susceptible to canine atopic dermatitis (7).

Recent Approaches in Diagnosis and Management
of Canine Atopic Dermatitis: A Review

Varsha Chauhan, Brejesh Singh, Amita Tiwari, Kajal Jadav, Nitin Bajaj and Arun Mourya
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Abstract

Canine Atopic Dermatitis (CAD) is a complex multifactorial disease characterized by pruritus due to sensitization 
against common environmental allergens. The prevalence of CAD is 3-30% and occurrence is with respect to 
age, sex, breed, seasonality. Breeds like Boston terrier, Boxer, Cairn terrier, West Highland White terrier, 
Scottish Terrier, Fox terrier, Yorkshire terrier, Chinese shar-pei, Cocker spaniel, English bulldog, English and 
Irish setter, Labrador, Golden retrievers, Pug, German Shepherd, and Miniature schnauz are more prone to CAD 
(1). The most important allergens in CAD are mites, pollen and mould spores. Food allergies causing cutaneous 
signs (food-associated atopic dermatitis) may be a separate or co-existing condition. The true pathogenesis of 
atopy is more complicated and still not well understood. Clinical signs first appear between 6 months to 3 years of 
age. Pruritus, the mainstay of atopy, can be seasonal or perennial. Skin lesions, appearing in later, are attributed 
to pruritus and/or to secondary complications (staphylococcal pyoderma, seborrhea, dry skin, Malassezia 
dermatitis).

The diagnosis, based on history and clinical findings, histopathology, atopy patch test, necessitates exclusion of 
other pruritic skin diseases. Identification of the offending allergens by using the intradermal test (2). Therapeutic 
management include avoidance of the allergens responsible for sensitization, systemic therapy with 
antimicrobial agents, glucocorticoids, antihistamines, cyclosporine, tacrolimus and essential fatty acids in 
various combinations, topical antipruritic therapy, and management of secondary complications as well as of 
other concurrent allergic skin diseases, such as food and flea allergy. The Janus kinase (JAK) inhibitor has been 
approved for several years as an interesting new treatment strategy for the treatment of canine AD. A relatively 
new approach to the therapy of atopic dermatitis (AD) is to substitute the lipids present in the stratum corneum of 
skin-healthy patients in a lamellar structure as this structure is disorganized in atopic patients (3). Allergen 
specific immunotherapy (ASIT) can also be done it can be injectable or sublingual immunotherapy and it is a 
newer approach in treatment of CAD.
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Initial clinical signs of AD can be seasonal (in 
42–75% of dogs) or non-seasonal, depending upon 
the allergens involved. Unfortunately, most reports 
describe dogs as having either seasonal or 

perennial signs, but fail to report those with 
perennial signs and seasonal increases in severity 
(8).

Pathogenesis

The pathogenesis of CAD is not fully understood but 
speculated the atopic dogs have been genetically 
predisposed to defective epidermal barrier function 
and polarization of lymphocytes towards the TH2 
(type -2 helper T Lymphocyte) subset. A deficiency 
of TGF-beta in the skin could lead to lack of 
tolerance towards environmental allergens which 
would penetrate the epidermis and be intercepted 
by Langerhans cells. The Langerhans' cells would 
process the antigen and present it to TH2 type 
lymphocytes in the draining lymph node. Over 
production of IL-4 by the lymphocyte would lead to 
class switching by B cells and production of allergen 
specific IgE which would bind to cutaneous mast 
cells. The cutaneous inflammation would lead to 
pruritis and self inflicted trauma, in conjunction with 
the development of the secondary infection, lead to 
the development of TH1 driven inflammation in the 
chronic phase.

Clinical signs

Clinical manifestation of CAD is the presence of 
pruritic which begins at a young age, seasonality 
often present at onset (42-75%) and prominent 
lesional involvement of the face, extremities, axillae 
or ventrum (9). Pruritis and diffuse erythmema 
affecting the ears, muzzle, eyes, flexor surfaces, 
feet and ventral body. The chronic lesions like 
alopecia, lichenification and hyperpigmentation 
would be observed in the atopic dogs (10).

Fig1. Pathogenesis of Canine Atopic Dermatitis

Fig2. (A and C) A dog with CAD and flea allergy
dermatitis with severe pruritus and secondary
bacterial infection at initial presentation.

(B and D) After failed allergen-specific
immunotherapy, eating fleas resolving secondary
infection, the dog's allergies became well
controlled with frequent medicated bath.

Fig1. 

Fig 2 

Fig 3 
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Diagnosis

The diagnosis of CAD is based on the history, 
clinical signs and the exclusion of other disease.

Inclusion and exclusion criteria used for 
selection of animals in CAD

Criteria for selection of CAD affected dogs-

Major Features

Patient must have at least 3 of the following features

Pruritis

Typical  morphology  and  distribution: facial  and / or 
digital  involvement or lichenification of flexor 
surface of the tarsal joint and / or the extensor 
surface of the carpal joint

•  Chronic relapsing dermatitis

•  Individual or family history of atopy and or/breed 
predisposition

Minor Features

At least 3 of the following features also should be 
present (11):

•    Onset of symptoms before 3 years

•  Facial erythema and chelilitis

•  Bacterial conjunctivitis

•  Superficial staphylococcal pyoderma

•  Hyperhidrosis

•  Immediate positive intradermal test to inhalants

•  Elevated serum allergen specific IgE

•  Elevated serum allergen specific IgD 

Another criteria for diagnosis of CAD is (12)

•  Onset of signs under 3 years of age

•  Glucocorticoid-responsive pruritus

•  Chronic or recurrent yeast infection

•  Affected front feet

•  Affected ear pinnae

•  Non Affected dorso-lumbar area

•  Non affected ear margins

Total Serum IgE Antibody/ Allergy Specific IgE 
Serology

The diagnosis of atopy based on compatible clinical 
signs, evidence of IgE antibodies to allergens 
present in the environment assessed either by skin 
test or in vitro test or positive correlation between 
presence of IgE antibodies and allergens present in 
environment (13). Positive intradermal test (IDT) or 
serological testing for allergen-specific IgE is 
secondary criteria of diagnosis of CAD. Allergy 
testing was intended to initiate the allergen 
avoidance measures against offending allergens 
and to start immunotherapy. The diagnosis of CAD 
should not be based only on positive Intradermal 
test or serological testing because normal animals 
or animals with other pruritic diseases may have 
positively reactions.

Serologic Allergy Test (SAT)

Serological allergen-specific IgE levels were 
measured with an ELISA using a spot test 
(Spectrum Laboratories, USA). Blood was drawn by 
jugular and cephalic venipuncture, allowed to clot at 
room temperature, and centrifuged at 2,000 × g for 

015 min at 4 C. Serum samples were collected, 
0frozen at - 20 C, and shipped to Spectrum 

Laboratory within 2 days after obtaining the blood. A 
complete IgE panel assay using a polyclonal anti-
IgE that minimized non-specific IgG and IgE binding 
was performed. Test results ranged from 0 to 
10,000 units. Results over 200 units were 
considered positive based on the manufacturer's 
recommendations. Ninety-two allergens belonging 
to a total of 12 groups were tested. The groups 
include grasses, trees, weeds, mold, epidermals, 
house dust, foods, indoor allergens, insects, fleas, 
Staphylococcus, and Malassezia.

Microbiological Evaluation of Skin Scrapings

Bacterial infections were present in 66% of the 
patients while malassezia and otitis externa were 
present in 33% and 50% of CAD affected dogs 
respectively (4).

Fig3. (A) Cutaneous epitheliotropic lymphoma
presenting for non-responsive severe pruritus and
widespread erythematous skin withscaly alopecic
patches.(B) Multifocal erosions are present on the
abdomen. 
Fig4. Skin between toes is red, inflamed and
broken from repeated licking.

Fig 4

Fig 5
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Intradermal Testing

ID allergy testing is considered as the golden 
standard in diagnosis of CAD and is superior to in 
vitro testing such as patch test and serum IgE 
estimation (2).

IDT was performed according to standard methods. 
Briefly, glucocorticoid and anti-histamine therapies 
were discontinued for a minimum of 8 weeks and 4 
weeks, respectively, prior to the IDT. The dogs were 
sedated with an intravenous injection of 10 µg/ kg of 
medetomidine hydrochloride and the hair coat on 
the lateral thorax was carefully clipped to avoid 
subsequent skin irritation. Approximately 0.05 mL of 
each allergen was injected intradermally using an 
insulin syringe (BD Ultra-Fine, USA). The diameter 
of the resulting wheal was measured with a ruler 15 
min after injection. Based on previous reports, a 
positive reaction was defined as a diameter equal to 
or greater than half of the diameter of the positive 
and negative controls. The results were subjectively 
graded on a scale of 0~4 according to the diameter, 
height, firmness, and erythema of the wheal. The 
negative control was graded as 0 and the positive 
control was graded as 4. All scores of 3 and 4 were 
considered to be positive results and clinically 
relevant.

Punch Biopsy and Histopathology

Punch biopsies (6 mm) are collected under local 
anesthesia from a non-lesional zone of the lateral 
aspect of the thorax, next to the area of tape-
stripping to analyses the epidermal lipids in normal 
and atopic dogs, before and after administration of 
an oral omega 6/omega 3 fatty acid feed 
supplement. There is an abnormal and largely 
incomplete structure of lamellar lipid with little 
cohesion between the corneocyte strata in the non 
lesional skin of dogs in electron microscopy. The 
stratum corneum of atopic dogs decrease 
significantly in the lipid content compared to the 
healthy controls (14). Microscopic observations 
were mild to moderate infiltration of inflammatory 
cells like mast cells, eosinophils, plasma cells and 
lymphocyte, acanthosis, hyperkeratosis, 
parakeratosis, spongiosis and sebaceous gland 
hyperplasia (15)

Patch Test

Eczematous reaction of skin that resembles the 
lesion of CAD can be introduced by epicutaneous 

application of aeroallergens via the atopy test. 
Group of experimentally sensitized Beagles, an 
atopy patch test (APT) with Dermatophagoides 
farinae showed positive macroscopic reactions 
consisting of erythema, edema, and indurations. 
Positive reactions occurred between 24 and 96 
hours after allergen application (16).

Differential Diagnosis

Canine Atopic Dermatitis can be differentially 
diagnosed with ectoparasitic skin diseases (Fleas, 
Scab ies ,  Demodicos is ,  Chey le t ie l los is ,  
Pediculosis, Otoacariasis), microbial skin infections 
(Staphylococcal pyodermas, Malassezia 
dermatitis) and allergic skin diseases (Flea allergy 
dermatitis, Food intolerance / allergy, Contact 
dermatitis.

Treatment

Treatment of atopic dermatitis (AD) can be divided 
into symptomatic and etiologic. Symptomatic 
treatment includes glucocorticoids (systemically or 
topically), oclacitinib, cyclosporin and lokivetmab. 
The etiologic treatment includes allergen avoidance 
and/or Allergen specific immunotherapy (ASIT) 
(17).

Symptomatic treatment

Antihistaminic

H1-antihistamines (hydroxyzine, cetirizine) inhibit 
the action of histamine by combining with and 

Fig 5. (A and C) Skin lesions of superficial canine
pyoderma on thorax of atopic dog and skin cytology 
revealing neutrophils and extracellular and 
intracellular cocci. (B and D) Malassezia dermatitis 
affecting ventral abdomen of a dog with CAD and 
associated tape skin cytology revealing peanut-
shaped yeast.

Fig 6.Staining of an atopic dermatitis tissue section
by hematoxylin /eosin. Blood vessels (black arrow)
and infiltrated lymphocytes (gray arrow)

Fig 5

Fig 6
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stabilizing the inactive conformation of the H1 
receptor. 30% of CAD patients responded very well 
to diaphenhydrazine and hydroxyzine treatment 
(6).

• Tab.Cetirizine hydrochloride @ 0.5 to 1.0 mg/kg 
PO

• Inj Pheniramine maleate. (eg: Avilin) @ 0.5 to 1.0 
mg/kg IM

Glucocorticoids

Glucocorticoids are fast-acting medications that 
deactivate many inflammatory cells and reduce 
inflammatory/itch mediators. They are used for both 
inducing remission and maintaining long-term 
control in CAD. Although glucocorticoids are one of 
the oldest forms of therapy, they still play an 
important role in the pharmacotherapy of AD 
despite undesirable drug effects like polyuria, 
polydipsia, muscle atrophy, behavioral changes, 
bacterial and fungal infections and, especially after 
topical administration, skin atrophy. They are 
characterized by both anti-inflammatory and 
antipruritic effects, whereby the mechanism of 
action is mainly based on the anti-inflammatory 
effect. In addition, glucocorticoids also have an 
influence on the expression and secretion of a 
number of itching mediators. They are administered 
both topically and systemically and the clear 
advantage is their fast onset of action.

• Prednisone/prednisolone@0.5-1mg/kg PO/IM

Calcinurin Inhibitors

Cyclosporin works by binding to cyclophilin in the 
cytoplasm of lymphocytes (and keratinocytes) and 
thus inhibits the translocation of the nuclear factor of 
activated T cells (NF-AT) to the nucleus. This 
ultimately leads to a reduced synthesis of cytokines 
like IL-2 and IFN-γ. Apart from its effect on the 
function of lymphocytes, it also leads to a 
modulation of dendritic cell function (especially 
Langerhans cells). In addition, the function of other 
inflammatory cells (mast cells, macrophages) is 
impaired and the activation of keratinocytes is 
inhibited (18).

Oral cyclosporine is a Calcinurin inhibitor that at low 
doses exerts an anti- inflammatory and 
immunomodulatory effect through inhibition of T-
cell activation. Cyclosporine is approved for the 
long-term control of CAD at the starting oral dose of 
5 mg/kg for at least 6 to 8 weeks because clinical 
benefit has slow onset; the full benefit of this drug is 
usually observed after 8 weeks of administration. 
Short term use of predinisolone with cyclosporine A 
accelerates pruritic reduction and improvement in 
clinical scoring in dogs with atopic dermatitis. 
Cyclosporine is administered for CAD at a dose rate 
of 5 mg/kg once daily. They further reported that in 

controlled studies it is effective as prednisolone and 
methyl-prednisolone. Allergen avoidance and 
A l le rgen spec i f i c  immunotherapy,  o ra l  
antihistaminic, glucocorticoids, tacrolimus, 
hydrocortisone acetonate, misoprotosol, topical 
therapy with oatmeal etc. can also be used in the 
management of CAD (10).

• Tab. Cyclosporine (eg: Ichmune-C,Atopex) @ 
5mg/kg PO

Tacrolimus

Cyclosporine A and tacrolimus are highly effective 
at allergic response and appear to have minimal 
adverse effects even when given over a long period 
of time when compared to treatment with 
glucocorticoids (5).

• Ointment Tacrolimus (eg: Ichmune-T) apply 
topically

• Spray Tacrolimus (eg: Takfa pet) apply topically

Essential Fatty Acid

The omega-6 fatty acids, such as linoleic acid, are 
naturally present in the epidermis, where they are 
incorporated into ceramides. Since ceramides are 
important for epidermal barrier function, omega-6 
fatty acid supplementation may be preferable, at 
least for the restoration of barrier function. Many 
studies recommend a ratio of 6- and 3- fatty acids 
between 5:1 and 10:1. However, essential fatty 
acids are rather not suitable as a monotherapy of 
AD, since a randomized cross-over study also 
comes to the conclusion that, despite a significant 
improvement in clinical signs, supplementation can 
only be a supportive measure in most cases (19). 
However, as essential fatty acid supplementation is 
generally considered to be safe, it can be 
recommended as an add-on therapy for long-term 
management of atopic dermatitis (AD).

Pruritis was significantly controlled upto 35.5% of 
the 60% atopic dogs treated with marine fish oil 
(source of Eicosapentaenoic acid (EPA)and 
speculated that decreasing the production of 
leukotrienes like LTC4, LTD4 and LTE4 and 
prostaglandin E2 may help to alleviate the pruritic.

• Essential Fatty acid like omega 3, omega 6 and 
vitamins (eg: Syp. Vitabest derm,

• Ultra EFA, Allerderm EFA-Z Plus) @ 5-10 ml PO 
BID

• Natural sources like fish

Substitution of Epidermal Lipids

A relatively new approach to the therapy of atopic 
dermatitis (AD) is to substitute the lipids present in 
the stratum corneum of skin-healthy patients in a 
lamellar structure as this structure is disorganized in 
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atopic patients (3). This leads to a reorganization of 
the skin lipids in the stratum corneum of atopic dogs 
and could thus contribute to an increased barrier 
function. This approach is supported by several 
published studies in which it was shown that even in 
non-lesional skin of dogs with AD, the lipid pattern is 
disturbed. The ceramide pattern is altered in AD 
dogs, which leads to a disorganization of the 
lamellar structure. This modified ceramide content 
is therefore held responsible for a disturbed barrier 
function (20). Nevertheless, the efficacy of local 
substitution with regard to the reduction of pruritus 
and reduction of skin lesions is not very impressive 
overall.

• Emollients containing Clobetasol propionate, 
oflaxicin (eg: wokazole, kiskin)

• Paraffin, jojoba, and almond oils were shown to 
penetrate equally into layers of stratum corneum 
while coconut oil, used as a moisturizer, was found 
to be as effective and safe as paraffin oil.

Phosphodiesterase-4 Inhibitors (PDE4 
inhibitors)

Phosphodiesterase 4 (PDE4) is a central cAMP 
inactivating enzyme in almost all inflammatory and 
immune cells. Inhibition of PDE4 leads to 
immunosuppressive signals in these cells (e.g. 
inhibition of pro-inflammatory cytokines, reactive 
oxygen species and inhibition of chemotaxis of 
immune cells). PDE4 inhibitors therefore show a 
distinct anti- inflammatory and immunomodulatory 
potential in several animal models and some clinical 
studies, which also makes this group of drugs 
interesting for the pharmacotherapy of canine 
atopic dermatitis. There is one clinical study in 
atopic dogs with the rather non-selective PDE4 
inhibitor arofylline. Arofylline has an antipruritic and 
anti-inflammatory effect comparable to prednisone. 
However, the strong emetic effect of systemically 
administered arofylline requires limiting the dose. At 
this point in time, a comprehensive benefit-risk 
assessment cannot yet be provided. After systemic 
administration of PDE4 inhibitors, the undesired 
effects like nausea, vomiting and increased gastric 
juice production can be dose limiting. Therefore, 
topical application of PDE4 inhibitors with a higher 
therapeutic window can be a reasonable approach 
(21).

Recently, the first topically active PDE4 inhibitor has 
been approved for human AD. Since 2016, 
crisaborol cream is on the market for the topical 
treatment of mild to moderate atopic dermatitis in 
humans (22). However, the clinical outcome is 
modest and thus only studies performed in dogs 
can tell us the therapeutic value of topically (or 
systemically) administered PDE4 inhibitors.

• Tab. Pentoxifyline (eg: Trental) @ 10-25 mg/kg PO

• Oint. Crisaborol (eg: Eucrasia) apply topically

Janus Kinase Inhibitor (Oclacitinib)

The Janus kinase (JAK) inhibitor has been 
approved for several years as an interesting new 
treatment strategy ("first in class") for the treatment 
of canine AD. In contrast to cyclosporine A and 
glucocorticoids, which mainly inhibit the synthesis 
of inflammatory and itching mediators, JAK 
inhibitors inhibit the signal transduction of 
cytokines. Since some cytokines, e.g. interleukin 
(IL-) 31, also induce itching, the rapid onset of action 
(especially reduction of itch within hours) was 
explained by the inhibition of IL-31-induced 
neuronal activation. However, it is now known that 
oclacitinib also inhibits IL-31 independent itching 
(e.g. via histamine or serotonin) probably by 
inhibiting the calcium channel TRPV1 (23). 
Controlled studies have shown that oclacitinib is 
comparably effective to prednisolone or 
cyclosporine A (24). The initial dosage of 0.4–0.6 
mg/kg orally twice daily is recommended to be 
reduced to once daily after the first 2 weeks (25). 
Adverse effects seem to be uncommon, but include 
anorexia, vomiting and diarrhea. However, only 
long-term experiences will determine the safety of 
this quite new class of immune modulators.

• Tab. Oclacitinib (eg: Apoquel) @ 0.4-0.6 mg/kg PO

Etiologic Treatment

Avoidance of Flare Factors

Regular flea control with an acaricide benzyl 
benzoate spray, frequent and thorough pet 
mattress and environment washing and 
vacuuming. Bathing with emollients and antipruritic 
shampoos. All superficial pyodermas and 
malassezia dermatitis should be treated with 
antimicrobial agents.

• Antibiotics like erythromycin @ 10-20 mg/kg BID 
PO, Clindamycin @ 10 mg/kg BID PO, Cephalexin 
@ 22 mg/kg BID PO

• Antifungal like Ketoconazole@ 5-10 mg/kg PO, I 
Itraconazole @ 5-10 mg/kg PO, Terbinafine @ 25-
30 mg/kg PO

• Chlorohexidine spray (2%)

Allergen Specific Immunotherapy (ASIT)

Allergen specific immunotherapy (allergy shots) 
hypo sensitization (also known as allergen 
vaccination) involves subcutaneous injection of 
relevant allergens at interval and in increasing 
concentration (induction period) until target 
maintenance dose is reached (1).

Mechanism of Immunotherapy

Although the mechanism(s) involved in 
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ameliorating the clinical signs are not fully 
understood, there are a number of studies 
supporting various changes in the immune 
responses in dogs on ASIT when compared to 
normal dogs. ASIT affects T-cell and B-cell 
responses, antibody production and the response 
of effector cells such as the eosinophils. ASIT 
significantly increases T-regulatory cells and IL-10 
concentrations and other cytokines. A shift in the 
immune response from Th2 to Th1 cytokine profiles 
and blocking antibodies are also involved.

Immunotherapy Formulation and 
Administration

Injectable Immunotherapy

Two types of allergen extracts, aqueous or alum 
precipitated are available in the UK (once a special 
import certificate has been obtained from the VMD, 
as both are unlicensed preparations in the UK). The 
aqueous extracts require more frequent 
administration as they are more easily absorbed, 
whereas the alum precipitated extracts are 
absorbed more slowly and therefore the interval 
between injections can be extended.

In dogs, the immunotherapy injections are 
administered subcutaneously. The frequency of 
administration is usually based on whether the 
aqueous or alum precipitated extracts are used for 
the therapy. Most protocols will have an induction 
phase followed by a maintenance phase. The 
protocols for induction can be slow (gradually 
increased concentration over days) or rushed 
(increased concentration over hours). Rushed 
immunotherapy should be performed in a hospital 
where the animal can be intensively monitored by 
experienced clinicians. A maintenance dose will 
then be administered, typically every four weeks. 
Commercially prepared immunotherapies will be 
supplied with a dosage and frequency schedule.

The frequency of the maintenance doses can be 
tailored to individual needs, depending on the 
patient's response to treatment and seasonal 
allergen loads. It is best to monitor the patient for 
any adverse effects in the induction phase of the 
injections. The more serious adverse effects (see 
below under adverse effects) are more immediate. 
Best practice is to ask the owner to wait in the 
surgery for about 30 minutes after each injection 
during the induction phase so that, should the 
animal require urgent treatment for urticaria, 
angioedema or anaphylaxis, it is in the right place to 
receive it.

Sub-lingual Immunotherapy

For oral administration, the allergen extracts are 
mixed with glycerol to improve stability and 
absorption in the oral cavity. It is administered twice 

daily using a pump. The treatment can be carried 
out at home by the owner. In the author's 
experience, many owners prefer to give the dog a 
monthly injection as opposed to the twice daily 
treatment needed with sub lingual formulations

Efficacy

The efficacy of treatment is variable and is 
demonstrated either by a marked reduction in the 
clinical signs (including complete remission), or a 
reduction in the usage of symptomatic medication. 
The rate of response varies between individuals 
and most animals that are going to benefit from 
ASIT tend to do so within the first 12 months of 
treatment. It is best to warn the owner at the outset 
of the slowness of response in some cases and to 
complete at least the first 10 to 12 months of 
treatment before discarding it as a potential long-
term management option. Several factors influence 
the clinical efficacy of ASIT. They include the 
selection and concentration of allergens, the age of 
the animal and the severity of the disease.

Conclusion

Atopic dermatitis (AD) is a common chronic 
relapsing pruritic skin disease of dogs for which 
treatment has varied over time and geographical 
location. The diagnosis of canine AD is based on 
meeting clinical criteria and ruling out other possible 
causes with similar clinical signs. Flea combing, 
skin scraping and cytology should be performed, 
where necessary, as part of a thorough work-up. 
Elimination diet trials are required for patients with 
p e r e n n i a l  p r u r i t u s  a n d / o r  c o n c u r r e n t  
gastrointestinal signs. Once a clinical diagnosis of 
canine AD is made, allergy testing can be 
performed to identify potential causative allergens 
for allergen-specific immunotherapy.

The International Task Force for Canine AD 
currently recommends a multi-faceted approach to 
treat dogs with AD. Acute flares should be treated 
with a combination of nonirritating baths and topical 
glucocorticoids, once an attempt has been made to 
identify and remove the suspected causes of the 
flare. Oral glucocorticoids and antimicrobial therapy 
must be added when needed. In dogs with chronic 
AD, a combination of interventions should be 
considered. Again, factors that trigger flares of AD 
must be identified and, if possible, avoided. 
Currently recognized flare factors include food, flea 
and environmental allergens, Staphylococcus 
bacteria and Malasseziayeast.

Skin and coat hygiene and care must be improved 
by bathing with non-irritating shampoos and dietary 
supplementation with essential fatty acids. The 
severity of pruritus and skin lesions can be reduced 
with a combination of anti‐inflammatory drugs. 
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Currently, medications with good evidence of high 
efficacy include topical and oral glucocorticoids and 
calcineurin inhibitors such as oral cyclosporine and 
topical tacrolimus. Allergen-specific immuno-
therapy should be offered, whenever feasible, in an 
attempt to prevent recurrence of clinical signs upon 
further exposure to environmental allergens to 
which the patient is hypersensitive.
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Introduction

Vaccination of wildlife is very much important for the 
control of many infectious diseases, having both 
economic and public health importance. It can also be 
valuable in the management of certain wildlife species 
through immunity development against deadly 
infectious diseases. Vaccination of wildlife can be costly, 
difficult and even dangerous in its implementation, but it 
has been effectively implemented in many areas of the 
world. Vaccination to wildlife can help conservation of 
wildlife, especially to save the endangered species; 
important examples include the control of plague 
(Yersinia pestis infection) in the black-footed ferret and 
control of anthrax (Bacillus anthracis) in Roan antelope 
and black Rhinoceroses. Vaccination in wild animals will 
also helpful to control the zoonotic diseases because 
the wild animals can act as reservoir for many of 
zoonotic diseases.  The success of animal vaccination 
is not only influenced by various immunological factors 
(e.g. type of antigen etc.) but also by formulation and 
delivery aspects of the vaccine. The latter includes the 
need for a vector or specific delivery system, the choice 
of route of administration and the nature of the target 
animal population and their habitat (1).

Types of Vaccines 

There are various types of vaccines are available for 
wildlife animal vaccination, which can be principally 
classified into two main categories viz. live and killed 
vaccines. Table 1 represents some of the important 
features of different types of animal vaccines (2, 3).

Factors determining successful vaccination

• Immunological factors of vaccine

• Vaccine formulation

• Delivery of vaccine

Formulation of Vaccines

Vaccines have been formulated by combining the 
antigen with certain agents, broadly categorised into 
two: 

A) Immunostimulatory adjuvants

B) Vaccine delivery system

Immunostimulatory Adjuvants

Immunological adjuvants can provide artificial signals to 
the immune system to initiate the immune response 
against a co-administered antigen. Various 
immunological adjuvants have been developed having 
advantages and also adverse effects in their use. The 
choice of such adjuvants depends on desired effect, 
type of immune response required, route of delivery and 

targeted animal species. Until recently, alum and oil 
emulsions were used in vaccines for animals. Some 
conventional immunological such as Freund's Complete 
Adjuvant (FCA), bacterial toxins and non-purified crude 
agents (e.g. lipid A) have been reported to show adverse 
effects in the animals hence researchers are moving 
towards alternate safe adjuvants like purified proteins, 
receptor specific adjuvants etc. (1,4,5).

Vaccine Delivery Systems 

Antigens can be delivered via various carrier systems 
such as liquid emulsions, particulate agents (liposomes, 
microparticles, nanoparticles, virosomes and virus-like 
particles) and live, non-pathogenic bacterial vectors 
(Lactobacillus) or viral vectors (Vaccinia virus, Fowlpox 
virus). The emulsions are heterogeneous liquid systems 
may be water-in-oil emulsions, oil-in-water emulsions, 
or more complex systems such as water-in-oil-in-water 
multiple emulsions, microemulsions, or nanoemulsions. 
Antigens are dissolved in a water phase and emulsified 
in the oil in the presence of an appropriate emulsifier. 
The controlled release characteristics of an emulsion 
are determined by factors such as viscosity of oil phase, 
oil-to-water phase ratio and emulsion droplet size. For 
example, high oil content can cause unnecessary 
injection site irritation and too large a droplet size can 
result in a physically unstable product there by reducing 
its shelf life. Among these carrier system, particulate 
delivery systems having potential advantages such as 
co-delivery of antigen(s) and adjuvant(s), depot of 
antigen at the site of injection, presentation of an 
ordered and repetitive array of B-cell epitopes, 
stimulation of cell-mediated immune response against 
some cellular antigens, and increased uptake of a 
cellular antigens after mucosal administration. Despite 
these, bacterial ghosts the E-mediated lysed products of 
Gram negative bacteria (E. coli, Vibrio cholera etc.) also 
have been incorporated in vaccines as carrier and 
adjuvant vehicles. Purevax feline rabies vaccine is an 
example of vector incorporated commercial animal 
vaccine. (1, 5, 6).

Methods of Vaccine Delivery in Animals

Appropriate vaccine delivery is one of the key factors 
that ensure a successful vaccination. Most common 
routes of vaccines administration are subcutaneous 
(SC) and intramuscular (IM) routes. These hypodermic 
injections are associated with pain and distress that 
might lead to poor patient compliance and require highly 
trained personnel for administration also bypass the 
dermal dendritic cell barrier producing less efficient 
immune response. They are associated with a risk of 
disease transmission due to the possibility of needle-
stick injuries or reuse of contaminated needles. Dermal 
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tissue (dermis and epidermis) are densely populated 
with dendritic cells that process and present antigens to 
T lymphocytes in the draining lymphoid system. 
Therefore, intradermal is a better route to evoke 
stronger immune response at lower dose than the IM 
route (7).

Oral Bait Vaccination of Wild and Zoo Animals

It is the common and most feasible way of mass 
vaccination in wild animals. Current inventions in the 
field of oral baits for the immunization of wildlife cover 
effective vaccine compositions, vaccine containers to 
deliver the vaccine orally to target species, and baits that 
specifically attract the target species. Oral bait vaccine 
formulations need to provide an effective field 
performance, safety, cost-effectiveness, less waste, 

and improved environmental compliance. Oral rabies 
vaccination is an effective strategy to prevent the spread 
of rabies in reservoirs such as raccoons, coyotes and 
foxes. Baits laden with oral rabies vaccine are 
distributed in strategic areas where target species can 
find and consume the baits, thereby releasing vaccine 
into their oral cavity e.g. RABORAL-V-RG Vaccine (8).

RABORAL-V-RG Vaccine

RABORAL V-RG is an oral rabies vaccine that protects 
raccoons and coyotes against rabies, thereby reducing 
the risk of exposure to rabies to humans and domestic 
animals. It is only sold to government agencies 
conducting rabies control programme. This is a 
recombinant vaccine available in the sachets which are 
covered in a fish meal based coating or in plastic packet. 

Table 1: Types of Vaccines

Kind of
Vaccines

Merits Demerits Examples

Live/ 
Attenuated
vaccine

• Strong immunogenic as 
natural antigenic 
conformation is retained

• Produces both cellular and 
humoral responses.

• Attenuated organisms might 
revert to virulent form 
producing infection in host.

• Not suitable to be used in 
immunosuppressed 
subjects.

Brucella vaccine, Theileria 
vaccine, PPR vaccine, Anthrax 
spore vaccine, BCG vaccine, 
Ranikhet (LaSota & R2B) 
vaccine, IBD vaccine

Killed/
Inactivated
Vaccines

• No risk of reverse infection 
as organism are inactivated

• Can be administered in 
subjects with immune 
deficiencies.

• Less immunogenic than live 
vaccines.

• Short term immunity. 
Periodic booster doses 
required to maintain antibody 
titter

• Adjuvants are required for 
delivery

• Can elicit only humoral 
immunity

FMD Vaccine, HS vaccine, BQ 
vaccine, IBR vaccine, ET 
vaccine, Rabies vaccine, 
Canine leptospirosis vaccine,

Subunit
Vaccines

• Non-infectious

• Safe to vaccinate 
immunosuppressed subjects

• Possess least side effects 
and unfavourable immune 
response

• Large scale production is 
faster, safer and efficient

• Poorly immunogenic and 
requires boosters

• As antigens may not retain 
their native confirmation, the 
antibodies produced might 
not recognize the same 
protein on pathogen when 
infected.

BT (VP2) vaccine, FMD (VP1) 
vaccine, Rabies virus subunit 
(Glycoprotein G) vaccine

Toxoids • Induce humoral responses 
Can be produced in large 
scale

• Requires periodic booster 
dose

• May produce adverse 
reactions,

Diphtheria and Tetanus 
Toxoids

DNA Vaccines •  Induces both hemoral & 
cellular immune responses, 
easy to administer, 
maintenance of cold chain 
not required, cost effective 
and easy to produce & store

•  Not neutralised by maternal 
antibodies in neonates

• Require Plasmid integration

• Chances of mutagenesis

• Possibilities of tolerance 
induction

FMD vaccine, IBR vaccine, 
Brucella vaccine, Rabies 
vaccine, CD vaccine, Canine 
Melanoma vaccine, 
pseudorabies vaccine, Avian 
influenza vaccine, Ranikhet 
disease vaccine.
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The bait units, each containing a single dose of 
RABORAL V-RG, are distributed into wildlife habitat, 
where they are sought and eaten by raccoons and s. 
This vaccine is mainly used in United States and is 
distributed by airplane, helicopter or by hand to reach 
the target species. The information is given to 
neighbouring citizens about the distribution of this oral 
bait vaccine and it is important that handling person 
does not touch the bait units (8).

Benefits of Wildlife Oral Rabies Vaccination (ORV) 
Programs:

• Reduced human exposure and PEP (post-exposure 
prophylactics) costs

• Reduced epizootic-related pet vaccination, 
quarantine, and euthanasia

• Reduced burden on state services for animal 
diagnostic tests

• Reduced livestock losses

Economic Benefits of Oral Rabies Vaccination 
(ORV) Programs

Although the United States rabies prevention network is 
effective, approximately 38,000 people are 
administered post-exposure prophylactics (PEP) 
annually resulting in over $150 million in health care 
costs. Recent economic analyses by WS indicate that 
preventing the spread of raccoon rabies in the western 
United States alone could reduce PEP costs by as much 
as $50 million annually. This is in addition to savings 
associated with reduced pet vaccinations, quarantine, 
euthanasia surveillance and animal diagnostic tests and 
livestock losses (8).

Intramuscular/Intradermal Vaccines for Wild and 
Zoo Animals

Parenteral vaccination may still be of use where small 
numbers of high-value animals are concerned, such as 
endangered and iconic species, and parenteral-route 
vaccination programmes have been considered or 
undertaken against pasteurellosis in big horn sheep and 
against anthrax in cheetahs and rhinos (9, 10). Overall, 
however, the preferred route for practical wildlife 
vaccination on a large scale remains the oral route (11).

Trap-Vaccinate-Release is labour and cost intensive. 
Unfortunately, the available vaccine does not immunize 
skunks by mouth. Therefore, when seeking means to 
reduce rabies among skunks, we required an alternative 
method for immunization, live-trapping and vaccination 
by injection. No rabies vaccine is currently licensed for 
use in wildlife species in Canada or the United States. It 
was reported that intramuscular vaccination was 
effective in stimulating antibody production in almost all 
skunks and raccoons, and that a high proportion of 
individuals are probably protected against rabies. 
Further it is reported that induced immunity in both 
skunks and raccoons which should last for more than 1 
yr. However, they recommend annual re- vaccination of 
skunks and raccoons (12). 

Conclusion

The vaccination of wildlife protects the endangered 

species and save their lives from deadly infectious 
diseases. Further, it also helps to control spread of 
zoonotic diseases among the wild animals and it also 
protects their transmission to human beings. Various 
immunological factors, formulation and delivery of 
vaccines are the important aspects of a successful 
vaccination. Although, various methods of vaccine 
delivery are present, in general the oral bait vaccination 
is most popular and practical way for delivering vaccines 
in wild animals.
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Introduction

Intellectual Property (IP) is a category of property 
that confers rights over intangible creations of 
human intellect. The patent system added the fuel 
of interest to the fire of genius (Abraham Lincoln, 
1849). IPRs relate to pieces of information that can 
be incorporated in tangible objects. Since, IPRs are 
normally exclusive rights and since these rights are 
exercised through the products having the 
protected information. IP rights as a collective term 
includes patents, trademarks, geographical 
indications, trade secrets and copyright. IPR are 
largely territorial in nature except copyright, which is 
global in nature. At the international level, 
Convention on Biological Diversity (CBD) of United 
Nations and Trade Related Aspects of Intellectual 
Property (TRIPs) Agreement of World Trade 
Organization are the two major agreements 
governing access and rights over genetic 
resources. As India is signatory to both CBD and 
TRIPs, there is a need to assess the issues at hand 
with a global perspective and also narrate and 
evaluate the options for the typical livestock 
production situation existing in the country. 

Role of TRIPS Agreement

After the Uruguay round, the GATT became the 
basis for the establishment of the World Trade 
Organization. Because ratification of TRIPS is a 
compulsory requirement of World Trade 
Organization membership, any country seeking to 
obtain easy access to the numerous international 
markets opened by the World Trade Organization 
must enact the strict intellectual property laws 
mandated by TRIPS. For this reason, TRIPS is the 
most important multilateral instrument for the 
globalization of intellectual property laws.

Trade related Intellectual Property Right (TRIPS) 
specifies enforcement procedures, remedies, and 
dispute resolution procedures. The agreement 
covers four broad issues:

• How basic principles of the trading system and 
other international intellectual property 
agreements should be applied.

• How to give adequate protection to intellectual 
property rights?

• How countries should enforce those rights 

adequately in their own territories?

• How to settle disputes on intellectual property 
between members of the WTO special 
transitional arrangements during the period 
when the new system is being introduced?

TRIPS Agreement and WTO

Most of the WTO agreements apply to all WTO 
members. The members each accepted all the 
agreements as a “single undertaking”. But the 
agreement allows countries different periods of time 
to delay applying its provisions. These delays 
define the transition from before the agreement 
came into force (before 1 January 1995) until it is 
applied in member countries. 

The main transition periods were:

• Developed countries were granted a transition 
period of one year following the entry into force of 
the WTO Agreement, i.e. until 1 January 1996.

• Developing countries were allowed a further 
period of four years (i.e. to 1 January 2000) to 
apply the provisions of the agreement other than 
Articles 3, 4 and 5 which deal with general 
principles such as non-discrimination.

• Transition economies, i.e. members in the 
process of transformation from centrally-
planned into market economies, could also 
benefit from the same delay (also until 1 January 
2000) if they met certain additional conditions.

• Least-developed countries were granted a 
longer transition period of a total of eleven years 
(until 1 January 2006), with the possibility of an 
extension. For pharmaceutical patents, this has 
been extended to 1 January 2016, under a 
decision taken by ministers at the Fourth 
Ministerial Conference in November 2001.

The role of the TRIPS Council

The TRIPS Council comprises all WTO members. It 
is responsible for monitoring the operation of the 
agreement, and, in particular, how members 
comply with their obligations under it.

• Monitoring: Members will review each other's' 
laws.

• Consultations: On any TRIPS issue.

Intellectual Property Rights for Animal
Genetic Resources in India

Akhilesh Pandey, R S Joshi, Yogita Pandey, M SThakur, D Vashali, R K Vandre and Mona Sharma
College of Veterinary Science and A H, Jabalpur, Madhya Pradesh.
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Few More Breeds at The Risk Example-

S.No Species Name of the Breed

1 Cattle Red Sindhi, Vachur, Punganur, Mewati, Kankatha, Kharigarh,
Bargur, Panwar, Siri

2 Buffaloes Nilli- Ravi, Toda, Bhadawari

3 Sheep Bhakarwal, Gurez, Karnah, Kashmir Vally, Poonci, Munjal,
Hissar dale, Muzaffarnagari, Malpura, Chokala, Jaisalmeri,
Magara, Lohi, Pugal, Nilgiri, Bonpala, Changthangi.

4 Goat Beetal, Barbari, Jamunapari, Surti, Jhakarana, Chegu,
Changthangi

5 Camel Double hump, Jaisalmeri, Sindhi

6

7

Horse

Poultry

Bhutia, Manipuri, Spiti, Zanskari

All Breeds

Vol.X | Issue 2 | Feb. 2021
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• Technical cooperation: A work programme.

• Reviews and negotiations on specific subjects.

• Review of TRIPS agreement.

IPRs protected in India

• Patents: The Patents Act, 1970 and was 
amended in 1999 and 2002. The amended Act 
after the amendments made in 2002 came in to 
force on May 20, 2003.

• Design: A new Design Act 2000 has been 
enacted superseding the earlier Designs Act 
1911.

• Trade Mark: A new Trademarks Act, 1999 has 
been enacted superseding the earlier Trade and 
Merchandise Marks Act, 1958. The Act came in 
force from September 15, 2003.

• Copyright: The Copyright Act, 1957 as amended 
in 1983, 1984 and 1992, 1994,1999 and the 
Copyright Rules, 1958.

• Layout Design of Integrated Circuits: The 
Semiconductor Integrated Circuit Layout Design 
Act 2000. 

• Protection of Undisclosed Information: No 
exclusive legislation exists but the matter would 
be generally covered under the Contract Act, 
1872. 

• Geographical Indications: The Geographical 
Indication of Goods (Registration and 
Protection) Act 1999.

Livestock Biodiversity

Indian subcontinent is a rich source of diverse 
animal germplasm, and only very few countries 
have such a large number of breeds of farm animals 
with such a wide genetic diversity. While India's gift 

of its animal wealth to the world's economy has not 
undermined our own sovereignty over this wealth 
with such a wide genetic diversity. Emergence of 
germplasm patenting and biopiracy create a major 
threat to India's sovereignty over its biodiversity.

India is one among the few countries in the world, 
which has contributed richly to the international 
livestock gene pool and improvement of animal 
production in the world. India is bestowed with rich 
domestic animal biodiversity with 50 breeds of 
cattle, 17 breeds of buffalo, 44 breeds of sheep, 34 
breeds of goat, 9 breeds of camel, 7 of horse and 20 
breeds of poultry in addition to other species 
(NBAGR, 2016). However, recent decades have 
witnessed a loss of several breeds/populations due 
to (a) Negligence (b) Urbanization and (c) Use of 
new technology or machine instead of animals for 
agricultural work. Livestock   genetic   diversity   
has   been constantly neglected as well as 
threatened.  Livestock genetic resources with high 
diversity are essential for food security, to utilize 
environment unsuitable for crop agriculture and to 
respond to changes in production systems, 
impending climatic change, emergence of new 
diseases and market demand.

The level of biodiversity, which is of concern here, is 
that of breeds and even populations within breeds. 
In fact, within breed, diversity accounts for 50 to 70 
per cent of total genetic variance. Many of the 
indigenous breeds of livestock in India face the 
threat of extinction. It is difficult to save them, unless 
they are economic under the prevailing production 
systems. For example, the cattle breeds breed, 
Krishna Valleyis on the verge of extinction due to 
change in the agricultural production system and 
lack of efforts to make the breed respond to the 
changing production system (1). 

It has been reported that over the past seven years, 
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at least one livestock breed has become extinct 
each month and further that around 20 percent of 
the world's livestock breeds are at risk of 
extinction(2).

Indigenous livestock are bestowed with many 
unique characteristics.  Darwinian adaptations of 
indigenous cattle in relation to their ability to tolerate 
heat, Bacterial, Viral, Fungal, parasites and 
metabolic diseases. Indian breed may survive 
under harsh conditions and poor quality feed and 
fodder so better genotypic makeup of local breeds 
is better for upgradation. The genetic secrets of 
these breeds have commercial value in the IPR era.  
Genes responsible for disease resistance, 
adaptation to with stand tropical heat and far greater 
climatic change, ability to utilize poor quality feed 
and fodder resources, better survivability under 
morerecurrent drought conditions, superior  growth  
and higher fecundity in some species/breeds, and 
potential to  yield  certain  unique  products  in  
indigenous livestock could be identified and 
protected through appropriate  IPR. If a proper 
internationally accepted legal system is developed 
with respect to the use of animal genetic resources, 
patenting of novel genes will bring  about  economic  
benefit  to  the livestock  keepers  through  benefit  
sharing (3).  The natural resistance/susceptibility of 
various breeds will be highly useful in breeding for 
disease resistance.

The United   Nations   proclaimed 2010   to   be   
the International Year of Biodiversity, and people all 
over the world are working to safeguard this 
irreplaceable natural wealth and reduce biodiversity 
loss. Livestock genetic diversity and associated 
traditional knowledge (TK) are vital for  current  and  
future human  well being  and  has  to  be  protected  
in  the modern IP regime. It is very essential to 
maintain genetic diversity to respond to situations 
like climate change and emerging diseases and to 
adapt to production systems. Their values are 
derived from the private functions for the household 
plus the functions of public interest (4).

Identification and utilization of such genes / 
sequences could have economic implications if 
India could utilize the provisions under Convention 
on Biological Diversity (CBD)  in  an  effective  and  
efficient manner. Pastoralists, small and marginal 
livestock farmers conserve livestock genetic 
diversity and thus provide a service to humanity that 
is currently not rewarded by market forces (5). The 
conservation of animal genetic resources (AnGR) 
through livestock husbandry by the poor is a 
hitherto unrecognized  and  unrewarded service to 
society (6). An international legal framework on 
AnGR could provide support and incentives to 
those conserving genetic diversity. It is reasonable 
to expect that in the near future, niche products from 

livestock are likely to get lucrative through proper 
branding and increased demand for organic 
livestock products in  the  IPR  era  from  a  health  
conscious population.

Livestock and agriculture is the only way to produce 
food in many of the world's harshest environments 
like deserts, steppes and mountains. Widespread 
use of cross breeding, destruction of traditional 
production system which relies on greater inputs 
placed a significant proportion of the world's limited 
genetic pool under threat. Sound utilization of AnGR 
particularly important livestock species under the 
changing environment is important due to high cost 
of animal and long generation interval (7).

Worldwide rising income leads to rising demands 
for specialized food generated by diversification of 
animal production systems (8). Rising human 
population leads to higher demand for food which 
can be met by more and more use of dry land-which 
can be used effectively only for raising livestock 
breeds that are well adapted to these conditions. 
Pastoralists in semiarid areas are losing their 
livelihood because their grazing areas are being 
used for other purposes like irrigated cropping, 
rainfed farming, nature reserves and wildlife parks 
(6). Pastoralists, small and marginal livestock 
farmers conserve livestock genetic diversity and 
thus provide a service to humanity that is currently 
not rewarded by market forces. An international 
legal framework on animal genetic resources could 
provide support and incentives to those conserving 
genetic diversity.

Industrialization of livestock agriculture is resulting 
in loss of valuable breeds developed over countries. 
Biodiversity of farm animal genetic resources has 
been rapidly declining. According to FAO (2000) (9), 
about 1000 of the 6400 recognized breeds have 
extincted during the last 100 years. One- third of 
these became extinct between 1985 and 2000 (10). 
Many of the indigenous breeds of livestock in India 
are under the threat of extinction. It is difficult to 
save them, unless they are made economical under 
the prevailing production systems. Krishna Valley in 
Maharasthra and Karnataka is on the verge of 
extinction due to change in the agricultural 
production system and lack of efforts of making the 
breed to respond to the changing production 
system (1).In the case of Australia in terms of patent 
ability of higher life forms, such as animals, they are 
not treated any differently by the Australian Patent 
Office from the way in which lower life forms are 
treated. This is probably the reason why the East 
African Boran cattle breed could be patented in 
Australia (11).
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Livestock population trend in India (in millions)

Category Population (In million) 2012 Population (In million) 2019 % growth

Cattle

Buffalo

Sheep

Goat

Pig

Mule

Donkey

Camel

Mithun

Yak

Horses & Ponics

Total Livestock

190.90

108.70

65.07

135.17

10.29

0.20

0.32

0.40

0.30

0.08

0.63

512.06

192.49

109.85

74.26

148.88

9.06

0.08

0.12

0.25

0.38

0.06

0.34

535.78

0.83

1.06

14.13

10.14

-12.03

-57.09

-61.23

-37.05

26.66

-25.00

-45.58

4.63

Livestock Census, 2019
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Microbiome signature associated with colonization 
of microbial organism in specific organs which can 
be analyzed by 16s RNA ribosomal sequencing and 
the results states about the diversity of microbial 
population present in that particular organ and 
sample. Detection of microbiome signature, the 
total microbial variation can be detected in different 
disease conditions and also prevalence of various 
microbiome at specific organ is different in various 
age groups. It has been recently reported that there 
is a great diversity in gut microbiome of an aged and 
adult human being. So, modulation with microbial 
therapy is the 4th generation treatment regimen. 
The microbiome of an individual depends on the 
host nutrient, signaling pathways and many 
epigenetic mechanisms. Disturbance in the total 
microbial community in an organ can cause 
dysfunctionor malfunction of that particular organ. 
So, the microbial population that is the microbiome 
of the healthy individual is different than an 
unhealthy disease animal. Antimicrobial resistance 
is an emerging problem so use of a live bio 
therapeutics product which is both safe and 
efficacious, is an alternative approach. Livebio 
therapeutics are a biological product that: 1) 
contains live organisms, such as bacteria; 2) is 
applicable to the prevention, treatment, or cure of a 
disease or condition of human beings; and 3) is not 
a vaccine (6). The bio therapeutics are prepared 
after analytical development and qualification of 
whole cell microbes which includes identification 
characterization of the strain, purity (monospecies 
specificity) and potency of the strains. These bio 
therapeutics are the current field of interest.

The ‘Microbe’ and live bio therapeutics are the 
recent approach to treat the disease conditions. 
The term microbiome means a collection of millions 
or trillions of living microbes in the host body. It is 
reported that this entire host microbiome plays a 
significant role in life processes and are may 
important for health. Imbalance in the microbiome 
caused disease conditions.

Definition of Microbes

The host microbiome is the collection of millions of 
microbiomes living in and inside the body. It plays a 
significant role in the life processes and are 
important to our health. Imbalance in the load of 
microbes causes onset of various diseases. 

Microbiomes are found for example in to the host 
skin, mouth and gut and at each site different 
consortia of microbes predilects and the mode of 
action of microbes are also different.

Live Biotherapeutics

It is the whole cell live microbes that is used for 
treatment, prevention and cure of disease 
condition. Beneficial microorganisms use to treat 
various disease condition is under clinical trial for 
development of disease specific potential live bio 
therapeutic products which includes both aerobic 
and anaerobic microorganism. So presently 
microbiome project clinical trial going on throughout 
the world.

Effect of the live and heat killed Biotherapeutics

Lactic acid bacteria have beneficial effect on both 
animals and human being but administration of 
killed microorganism for treatment purpose or to 
increase the immunity by using E. coli was recently 
reported by (1). It has been mentioned that live 
b a c t e r i a  o f  a l l  s t r a i n s  m a y  p r o d u c e  
immunosuppressive effect whereas heat 
inactivated and the supernatant was found to cause 
elevated immune response. Rembacken., et al., 
(1999) (2) reported that E. coli was as effective as 
the anti-inflammatory substance for relapsing 
ulcerative colit is but it is not true for 
immunocompromised patients (2).Recent research 
has shown that inactivated microorganism has an 
impact on inflammatory immune regulation as well.

Although the WHO/FAO definition of probiotics 
refers to live microorganism, a potential probiotic 
effect of non-viable bacteria is proposed (3, 4, 5) 
because of the side effects of the administration of 
probiotic bacteria to immunocompromised patients, 
young children. Hence supernatant and inactivated 
bacteria or bacterial is an alternative for treatment.

Recently FDA has issued guidelines for early 
clinical trial of live bio therapeutics product: 
chemistry, manufacturing and control information 
for different agencies and industries and in USA 
lawfully marked as foods such as conventional 
foods and dietary supplement(6).

Segev et al., (2018) (7) evaluated the live bio 
therapeutics product asymptomatic bacteriuria 
Escherichia coli 2-12 in healthy dogs and dogs with 
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clinical recurrent urinary tract infection and reported 
that ASB E. coli 2-12 is safe for UTI in dogs (7). But 
further large controlled study was required to 
establish the result. In Thailand, quality, equitable 
and accessible health coverage scheme is for all 
and it allows to treat the chronic ailment with live bio 
therapeutic products (8).

Conclusion

As the microbial signature of every organ is different 
and specific, and any change in the microbiome and 
its load of that particular organ leads to onset of 
disease. Therefore, the bio therapeutics products 
play an important role in the prevalence and 
therapeutic treatment of various intestinal diseases 
by restoring microbiome. It is also found that the use 
of heat inactivated or supernatants and different 
bacteria have different immunomodulatory effect. 
But for the immunocompromised patients, 
supernatant or inactivated bacteria or bacterial is 
better treatment choice as the live products have 
various side effects. Therefore, to establish the 
safety and efficacy results of bio therapeutics, there 
is a need for large scale trials using microbiome 
signature technique.
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Introduction

Stress is the biological response elicited when an 
individual perceives a threat (“stressor”) to its 
homeostasis. Stress responses involve endocrine, 
paracrine and neural these stress responses negatively 
effecton the productive and reproductive efficiency of 
dairy cow and buffaloes [1].There are many type of 
stress like climatic, physical, noise, transportation and 
deprivation or restriction of food. Stressors can also be 
psychological, such as isolation from calf after weaning, 
social isolation or mixing with unfamiliar animals, 
restraint and handling. Stressors can also be classified 
on the basis of genetic and physical origin as 
endogenous and or exogenous, if they originated from 
the social and physical environment. These stressors 
responsible for behavioral, metabolic and physiological 
changes in animals [2]. There are many stressors that 
directly affect the physiology of dairy animals mainly the 
environmental stress like heat and cold stress. Stress is 
responsible for the decrease in economy of the country 
and farmer's income directly by reduction in production, 
reproduction of dairy animals, milk production and 
health status [3]. Stress is one of the environmental 
factors that affects handling and decreases the 
production and reproduction of livestock, it is 
considered that the main factor which should be 
controlled in units Animal Production, since it is closely 
related to pathogens and infectious agents and affect 
the health of animals [13].Stress responsible for the 
decrease economy of the farm directly by reducing 
productive and reproductive performance.

Neuroendocrinology of Stress  

Various stressors trigger the central nervous 
system(CNS) which is responsible for induction and 
transmission of stress signal by the thalamus, 
hypothalamus and cortex pathway [4]. These pathways 
become activated when animal suffer to any type of 
stress and it give rise to a response by the sympathetic-
adrenal-medullary (SAM) axis and hypothalamus-
pituitary-adrenocortical (HPA) axis [5]. HPA axis 
stimulate the hypothalamus to secrete Corticotropin-
releasinghormone (CRH) and Vasopressin (VP), which 
i n d u c e s  t h e  p i t u i t a r y  g l a n d  t o  r e l e a s e  
Adrenocorticotropic hormone (ACTH), which causes 
secretion of glucocorticoids, mainly cortisol from the 
adrenal cortex [6]. When the hypothalamus and anterior 
pituitary detect high cortisol concentrations, they exert 
negative feedback via VP, CRH and ACTH to inhibit 
further cortisol release by the adrenal cortex, thereby 
ending the stress response. Cortisol and other 
glucocorticoids in cattle regulate the balance between 
anabolism and catabolism and under conditions of heat 
stress.

Due to elevated cortisol levels there is gradually 

depression, there are changes in the release ofLH. The 
level of prostaglandin F2 alpha (PGF2 ∞) and ACTH 
increase. This will adversely affect reproductive 
function in mammals.

Environmental Stressors

Solar radiation, wind speed, air temperature and 
humidity are all factors which are concerned with the 
heat stress. Climate can be a chronic stressor of dairy 
cattle because they usually stand outside during most of 
the year [7]. Cold, heat, humidity, rain, ice and wind act 
as stressors affecting the endocrine system and the 
reproductive system. Heat stress is perhaps the best 
studied of all climatic stressors. Heat and cold stress 
exert different effects, although they are interrelated 
through climate and the effects of each depend on 
seasonality, latitude and intensity. 

Heat Stress

The environmental stress is aggravated due to global 
warming accompanied with periods of extreme 
weather. If there are high temperature and humidity in 
the environment, then it is very difficult for the animal to 
dissipate heat and the animal undergoes heat stress [8]. 
Heat stress is caused when the body temperature of an 
animal is beyond its normal range which creates a 
problem in heat dissipation and finally reduces 
physiological as well as behavioral responses [9]. 
Temperature stress imparts physical and economical 
losses to livestock production in temperate, subtropical 
and tropical regions of the world. Heat stress as a level 
on the temperature-humidity index (THI) that 
persistently lies above the thermo-neutral zone and that 
adversely affects the animal's performance. THI > 72 
negatively affects dairy cattle performance. 

Cold Stress

Animal, which are not protected against cold are more 
susceptible to cold stress or hypothermia and there are 
two possible conditions for formation of cold stress 
which are natural and artificial. Serious illnesses, 
injuries, everlasting tissue problems as well as deaths 
are due to difficulty in regulating body temperature. 
More energy is required as animals exposed to cold 
weather to maintain their body reserves and body 
temperatures. Increasing feed intake of cattle is one 
way to compensate for colder weather. Cold stress in 
also responsible for the reduced productive and 
reproductive performance of dairy cattle [10].However, 
how much they can consume can be limited by physical 
limit of cattle. Once that physical limit was reached, to 
compensate for the increased energy requirement 
cattle need higher quality feeds and supplements.

Effects of The Environmental Stressors on 
Productive Performance

Effect of Stress on Dairy Animals
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Heat stress lowers feed intake of animal which in turn 
reduces their productivity in terms of milk yield, body 
weight. The responses by cow to maintain normal body 
temperatures are observed in reduced feed intakes, 10 
to 25% lower milk production, and can affect various 
component of milk such as fat, protein, SNF and 
lactose. Heat stress increases the somatic cell count 
indicating reduction in the milk quality. Heat stress 
through udder temperature may cause mastitis in dairy 
animals. High temperature and low relative humidity are 
the critical; parameters contributing to heat stress per 
unit increase in THI beyond 72, 0.2 kg reduction in milk 
yield were recorded. Dairy cattle show signs of heat 
stress when THI is higher than 72. The comfort limit 
depends on level of production. 

Animals presenting higher level of production are more 
sensitive to heat stress. Increasing air temperature, 
temperature-humidity index and rising rectal 
temperature above critical thresholds are related to 
decreased dry matter intake (DMI) and milk yield and to 
reduced efficiency of milk yield. Thus the full impact of 
climatic variables on production is delayed and may be 
related to alter feed intake, delay between intake and 
utilization of consumed nutrients, or changes in the 
endocrine status of the cow and buffaloes[11]. High 
ambient temperatures during the day a cool period of 
less than 21°C for 3 to 6 hrs will minimize the decline in 
milk yield.

Effects of The Environmental Stressors on 
Reproductive Performance

When dairy cattle are subjected to heat stress, 
reproductive efficiency declines. Heat stress in dairy 
animals has been shown to alter the duration of estrus, 
follicular growth and development, early embryonic 
development. Although heat and cold stress alters 
endocrine profiles and fertility in females [12].

1.  Effect on Estrus Cycle

 Temperature can affect the reproductive process at 
a number of stages ranging from pubertal 
development through conception and embryonic 
mortality [10]. Low and high environmental 
temperatures cause delay in the onset of puberty in 
both male and female. Follicular dynamics of the 
heat stressed cow are altered when compared to 
control cows. Although the average size of the first 
wave dominant follicle was normal before heat 
stressed but later during heat stress decreased in 
size sooner, and the second wave dominant follicle 
emerged earlier. The second wave dominant follicle 
in heat stressed cattle may then be an aged follicle 
at ovulation; thereby reducing fertility. Sexual 
behavior and fertility rate are the main indicators of 
the mammalian female reproduction that are 
negatively affected by environmental stress.

2. Effect on Fertility

 The Higher ambient temperature during the 
summer has been associated with reduced fertility 
in dairy cattle through its deleterious impact on 
oocyte maturation and early embryo development 
[13]. Maximum environmental temperature on the 

day after insemination was associated negatively 
with conception rates. The main cause of low fertility 
in dairy cows during summer is the level of 
hyperthermia that lactating cow develop daily during 
summer [14].

3. Effect on Oocytes

 Heat stress has adverse effects on reproductive 
performances of cattle and buffaloes.  There are 
several possible mechanisms by which heat stress 
can prevent the growth of oocytes. The foremost is 
the reduction on the synthesis of preovulatory surge 
in luteinizing hormone and estradiol. Hence, there is 
poor follicle maturation and this leads to ovarian 
inactivity in cattle Heat stress before insemination 
has been associated with decreased fertility in cattle 
[15].Heatstress decreases blood progesterone 
concentration, which is a major cause for abnormal 
oocyte maturation, implantation failure and finally 
early embryonic death in dairy cattle [13]. During 
heat stress, the intrauterine environment of the cow 
is compromised. Hence, there is decrease in blood 
flow to the uterus and elevated uterine temperature. 
The exposure of females to heat stress conditions 
during days 0-3 of pregnancy or days 0-7 of 
pregnancy reduced embryonic survival. Heat stress 
has a deleterious effect on the oocyte quality in 
buffaloes. Follicular growth and atresia during 
anestrus are attributed to the inadequate secretion 
of gonadotropins by the hypophysis. There is 
decrease in the concentration of oestradiol-17 beta 
in summer which reduces the intensity of estrus 
manifestation and results in silent heat in buffaloes 
[11]. The mean plasma prolactin concentration was 
significantly higher in summer than winter which 
may cause acyclicity or infertility in buffaloes.

4. Effect of Heat Stress on Prepartum Period

 Heat stress during this time period can affect 
endocrine responses that may increase fetal 
abortions, shorten the gestation length, lower calf 
birth weight, and reduce follicle and oocyte 
maturation associated with the postpartum 
reproductive cycle [16]. Dairy cows experiencing 
heat stress during late gestation had calves with 
lower birth weights and produced less milk than 
cows not exposed to heat stress. This was 
associated with a reduction in circulating thyroxine, 
prolactin, growth hormone, and glucocorticoid 
concentration.

5. Effect on early Embryonic Development

 In cattle, embryonic development is highly sensitive 
to high temperatures, in the top threeto 11 days after 
service; acquiring more heat tolerance as the 
gestation period progresses. During the first 3 or 7 
day of pregnancy decreased embryonic viability and 
development [17].Heat stress has a negative impact 
on quality of ova, which may influence the viability of 
young embryos.

6. Effect on service period

 Assessment of the potential direct impacts of 
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climate change on the reproduction of buffaloes 
indicate that there is increasing trend in incidences 
of silent estrus, the decline in reproductive activity 
and conception of buffaloes due to increase in air 
temperature [18]. The service period of buffaloes 
was found increased with increase in average THI 
above 75 [19]. The cooler months with lower THI 
values caused decrease in service period while the 
months with higher THI values above threshold level 
75 were associated with increase in service period 
in Murrah buffaloes. The service period of cows was 
longest for spring and shortest for fall calving. High 
temperature combined with a high level of humidity 
in spring and summer season results in 
physiological disorders, affecting the digestive 
system, acid-base chemistry, blood hormones and 
finally resulting in longer service period in cows.

Conclusion

Environmental stressors reduce productive and 
reproductive efficiency of dairy cattle through a variety 
of different mechanisms. The productive performance 
in particular, milk production, milk components, somatic 
cell count and mammary gland health are highly 
sensitive to suddenly changes in environmental 
temperatures. The heat stress has adverse effects on 
the reproductive performances of cattle and buffaloes. 
The THI is the most commonly used index to measure 
the level of heat stress in animals. The reproductive 
traits of cattle are susceptible to the negative impacts of 
heat stress with increase in THI above 72, while the 
buffaloes are more prone to heat stress when the THI 
level surpasses 75. The heat tolerant dairy animals 
should be selected which can enhance both the 
reproductive and productive ability and adaptability to 
the adverse climate.
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