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Abstract

Background: Rabies is an infectious and preventable viral disease of mammals. It is caused by
several Lyssavirus species, a group of negative sense RNA viruses, and most often transmitted
through the bite of a rabid animal, commonly dogs. Many diagnostic methods have been used to
detect rabies virus antigen. The preferred method for routine diagnosis of rabies in fresh or
frozen brain tissues is the fluorescent antibody test.

Objective: The aim of this study was to evaluate fluorescent antibody test for rabies detection in
fresh, frozen and formalin-fixed brain tissue specimens in Ethiopia

Methods: The study was carried out on rabies-suspected brains of animals which were collected
from March 2017 to July 2017 at Ethiopian Public Health Institute. The detection of rabies
antigen was done in brain impressions from three areas of the brain: hippocampus, cerebellum,
and brain stem. One portion of each paired specimen was prepared for fresh, frozen and formalin
fixed FAT. It was treated with globulin labeled with fluorescein isothiocyanate. Specific
aggregates of rabies virus antigen was detected by their fluorescence using a reflected light
(incident light) fluorescence microscope.

Results: The sensitivity of fixed brain tissue compared with fresh FAT was 96.9% and
specificity was 100%.Frozen specimen gave similar sensitivity and specificity with fresh FAT
which was 100%. The association between Formalin fixed tissue sample & Fresh tissue sample
when it is done using FAT had p -value 0.257, frozen tissue sample & Fresh tissue sample had p
value 1.00 and Formalin fixed tissue sample & frozen tissue sample had p value 0.257 with no

significant difference.

Conclusion: Rabies detection in animals can be accomplished from diagnosis of rabies from

fixed brain tissues which offers similar sensitivity as detection of rabies in impression smears.

Key words: Rabies, fluorescent antibody test, Ethiopia
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CHAPTERI:
INTRODUCTION

1.1 Background

Rabies is an acute, virulent, progressive, and an ancient disease that affects all warm-blooded
animals. It is caused by viruses in the family Rhabdoviridae, genus Lyssavirus (Kuzmin et al.,
2005). Rabies is a viral zoonosis, causing fatal encephalitis and is widely prevalent in developed
as well as developing countries. Several specific Rabies virus (RABV) variants have been
characterized from different mammalian hosts, such as dogs, foxes, mongooses, and other
carnivores, and bats (Sudarshan et al., 2007). In the developing world, RABV infections
contribute most significantly to the public health burden of rabies (Nel et al., 2007).

The transmission requires introduction of rabies virus from saliva or infected neural tissue into
bite wounds or open cuts in skin or mucous membranes. The animal usually contracts rabies
from the bite of an infected animal. Humans are recognized as dead end host for rabies virus.
Under some circumstances transmission could be possible through inhalation of large amounts of
aerosolized rabies virus or through organ transplantation from rabies infected patients, but
transmission between humans is extremely rare (Hellenbrand et al., 2005; Srinivasan et al.,
2005; Wyatt, 2007).

More than 95% of human rabies cases are due to dog bites and the rest associated with cat, fox
and other carnivores. Rabies is endemic in developing countries of Asia and Africa, and human
mortality from these endemic canine rabies exceeds 30,000 and 23,000, respectively (Knobel et
al., 2005).

History of bite, scratch and/or contact with a rabid animal and furious and/or paralytic form of
the disease leads to suspicion of Rabies in humans. However history and clinical signs gives only
indication of disease and definite diagnosis of rabies relies on the laboratory demonstration and

identification of virus or its specific component (Madhusudana et al., 2004).

In many parts of Ethiopia at different period of time, outbreaks of rabies in dogs were reported
including those reported in 1984 in -Tigray, Begemder, Gojjam, and Wollo (Admasu et al.,
2014).



In Ethiopia domestic dogs are the principal reservoir of rabies (Yimer et al., 2002). During 1999-
2002 an increase in the incidence of canine rabies was observed in Addis Ababa city
(Newayeselassie et al, 2004; Abebe et al, 2003).There is lack of accurate data regarding rabies
prevalence and fatality rate because individuals who are exposed to rabies virus often see

traditional healers for the diagnosis and treatment of the disease (Deressa et al.,2010).

The situation in Ethiopia showed that the fatal human cases during the period between 2001-
2009 were 386 humans with annual range of 35 to 58. The overall post exposure treatment for
humans was 17,204 within and around Addis Ababa. During the same period, 20,414 suspected
rabid animals were clinically examined (Deressa et al., 2010).

There are different diagnostic methods available for diagnosis of rabies. Histopathological
techniques, such as the Sellers Stain technique (Tierkel et al., 1996), were used to determine the
presence of Negri bodies as rabies virus-specific antigen. However, in a positive rabies cases the
presence of Negri bodies varies from 10 to 65% (Fekadu, 1988; Leighton et al., 1983; Sellers,
1927). Additionally, false positive results may occur if non-specific inclusion bodies are present.
Because of false negative and positive results, this technique has gradually been replaced by use
of the fluorescent antibody test which is highly specific and sensitive method. (Dean et al., 1996)
Therefore, the present study was undertaken to evaluate the fluorescent antibody test for rabies
antigen detection in fresh, frozen and formalin-fixed brain tissue specimens from clinically

rabies-suspected cases of dogs, feline, bovine and donkey.

1.2. Statement of the problem

Although human rabies has been eliminated or controlled to a great extent in some countries,
Rabies remains a major public-health problem in most regions of the world, especially in
developing countries where dogs play a principal role as a reservoir and transmitter of the
disease to humans (Dacheux, 2010; WHO, 1992). Rabies affects all mammals and is always fatal
after clinical disease develops (WHO, 2005). Among all infectious diseases prevalent in the
world Rabies ranks seventh in which human life is lost. The disease accounts for up to 75000
human deaths each year in canine rabies-endemic regions of the world (Wyatt, 2007). It kills
large number of animals and humans in many countries every year. The highest numbers of cases

are reported in Africa and Asia, particularly the Indian sub-continent. In Ethiopia, it has been



shown that there is a high incidence of Rabies in humans and domestic animals (Jemberu et al.,
2013). Historically, histopathological techniques such as the Sellers Stain technique (Tierkel et
al., 1996) were used to determine the presence of Negri bodies as rabies virus-specific antigen.
However, they have very low sensitivity and should be abandoned. Additionally, false negatives
results may occur because not all individuals develop Negri bodies and false positive results may
occur if nonspecific inclusion bodies are present. In a positive rabies cases, the presence of Negri
bodies varies from 10 to 65% (Leighton et al., 1983; Fekadu, 1988;Sellers, 1927).This is why
this technique has gradually been replaced by use of the fluorescent antibody test. The Office
International Des Epizootics (OIE) no longer recommends histopathology for diagnosis of rabies
(OIE,2000). The routine diagnostic method used is fluorescent antibody test on brain impression
smears in fresh or formalin fixed nervous tissue samples. The FAT is the sensitive and preferred
method for the detection of the rabies antigen in fresh samples (Meslin et al., 1996). However, in
many situations, only formalin-fixed tissue is available for post-mortem diagnosis due to lack of
laboratory facilities or submission of fixed rather than fresh tissues to the laboratory (Abreu et
al., 2012; Warner et al., 1997).

Currently, there exists only one referral laboratory (EPHI) for rabies diagnosis service, which is
based on animal clinical observation under quarantine period and laboratory confirmation. The
laboratory confirmation is done using Fluorescent Antibody test (FAT) commonly through
diagnosis of fresh brain tissue samples from areas of brain stem, hippocampus and cerebellum,
and Mouse Inoculation Test (MIT) as a confirmatory test. There is no established diagnosis on
human rabies at the EPHI except clinical observation and Pre Exposure Prophylaxis (PEP).The
production of the Fermi type vaccine started in Ethiopia since 1944 E.C. and even though it is
not recommended by WHO the vaccine is still in use due to the lack of modern vaccine
production (Hurisa et al., 2013). Annual consumption of the vaccine is more than 36,000 doses
for human and 12,000 doses for animals. Currently, EPHI is working on tissue culture vaccine.
Each year, thousands of people are infected with rabies in Ethiopia and an estimated 2,700
people die, one of the highest rabies death rates in the world— but the true number of deaths
caused by rabies is unknown because the disease is underreported and rabies diagnostic

laboratories are not established.



1.3. Literature review

1.3.1. Historical Perspective
Historically, rabies has been known to mankind since more than 4 millenniums (Théodorideés,

1986).Rabies is one of the oldest and most feared zoonotic diseases. Rabies is mentioned in
several ancient literatures, such as the paper by Aristotle (300BC) that notes rabies as one of the
diseases that affects dogs and any animal that the dog bites.

Nearly all the available historical texts on the origins of disease associated human rabies with
canine rabies, and dogs have been regarded as the main vector of this zoonosis. Nevertheless,
rabies has long been reported for many centuries in wild animals, and the latest advances in
molecular epidemiology have proved that rabies virus has indeed existed in various species of

animals for millennium (Bourhy et al., 1999).

The Indian Susrutasamhita of the 1% Century AD states that in dogs, jackals, hyenas and tigers
the tail, jaw and shoulders droop, and the animals drink a lot (Théodoridés, 1986). Arab and
Persian authors of the 11™ and 15" Centuries add the wolf, fox and beech marten to the list of
rabid wild mammals (Théodorides, 1986).This information indicates clearly that, since ancient
times, rabies has affected dogs as well as wild carnivores, but nothing is known of the original
vector of the disease. Early authors never cite bats as animals affected, and it was the
conquistadors of South America who first reported bats as possible vectors of the virus (Baer,
1991).

Laboratory techniques in rabies were started as early as 1800 BC, for the first time Zinke
demonstrated that the infection could be transmitted to a normal animal after inoculating with
saliva from a rabid animal (Mani et al., 2013). In 1903, Adolchi Negri was the first person who
provided description of rabies virus infection using light microscope. Histological examination
of brain sections or impression smears by light microscopy, in detection of characteristic Negri
bodies, has been considered standard method of rabies diagnosis & provided a basis for

diagnosing rabies for about 100 years (Trimarchi et al., 2007).

In Ethiopia rabies is an important disease that has been recognized for many centuries.
According to Richard Pankhurst, the first and only recorded of rabies case in Addis Ababa
occurred in August 1903 (Pankhurst, 1990).



1.3.2. Virological characteristics of rabies virus

Rabies is a central nervous system (CNS) disease that is almost invariably fatal. The causative

agent is rabies virus (RV), a negative-stranded RNA virus.

Taxonomically, rabies viruses belong to the Rhabdoviridae family, a constituent of the order
Mononegavirales which is highly stable helical nucleocapsid and morphologically, a bullet

shaped (typical rod) neurotropic RNA lyssa virus (Cox et al., 1980; Kawai, 1977).

In the genus lyssa virus of which rabies virus (RABV) is the prototype, there are several species
of the virus including Rabies virus, Lagos bat virus, Mokola virus, Duvenhage virus, European
bat lyssa virus, and Australian bat lyssa virus, all capable of causing rabies (Kuzmin et al.,
2010).

The genome of the Rabies virus is a single molecule of linear, 11 to 15 Kb in size, negative
sense, single stranded RNA genome that is encased in an envelope along the surface of the virus;
there is a tight arrangement of trimeric spikes constructed of glycoproteins.The 12-kb negative-
strand RNA comprises five genes encoding 1) the nucleoprotein (N), 2) the phosphoprotein (P),
3) the matrix protein (M), 4) the transmembrane spike glycoprotein (G) and 5) the ‘‘large”’
protein (L) (Figure 1.1). All rhabdoviruses have two major structural components; helical
ribonucleoprotein core (RNP) and surrounding envelope. The twoproteins, P and L are
associated with RNP. The glycoprotein forms approximately 400 trimeric spikes, which are
tightly arranged on the surface of the virus. The virus nucleoprotein (N) plays critical role in
replication and transcription. Both viral transcription and replication are reduced, if the
nucleoprotein is not phosphorylated (Wu et al., 2002).

Rhabdoviruses cell surface receptors are not identified but some researches indicate the
phospholipids, especially phophatidyl serine as the cell surface receptor molecule. After
endocytosis, pH-dependent fusion with the membrane of the endocytic vesicle occurs (Yousaf et
al.,2012). The polymerase which is carried by the virus makes five individual mRNA for each
protein. These mRNAs are capped, methylated and polyadenylated. The polymerase then
transcribes the negative-sense genomic RNA into positive sense strand. The switch between
transcription and replication of genomic RNAs are controlled by the level of N protein. (Wu et
al., 2002).
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Figure 1.1 Structure of Rabies virus (Adopted from Charles et al, 2002)

1.3.3 Pathogenesis of Rabies

Rabies is an infectious disease caused by a virus that is transmitted from infected animals to

humans .Several specific Rabies virus (RABV) variants have been characterized from different

mammalian hosts, such as dogs, foxes, mongooses, other carnivores, and bats(Sudarshan et al.,

2007).The vast majority of rabies cases are transmitted through a dog bite (Knobel et al.,

2005).1n addition to this,rabies virus could be transmitted from saliva or infected neural tissue

into bite wounds or open cuts in skin or mucous membranes, inhalation of large amounts of

aerosolized rabies virus and through organ transplantation from rabies infected patients (Wyatt,

2007). Transmission between humans is extremely rare and though very small amounts of virus

could enter the blood stream when the bite occurs, it would be unable to replicate there, so the

blood from a rabid animal is not considered infectious (Hellenbrand et al., 2005; Srinivasan et

al., 2005; Wyatt, 2007).



RABYV entry into cells involves receptor-mediated endocytosis, membrane fusion at acidic pH,
and release of the virus RNP into the cytoplasm, involving its transition from a supercoiled state
to a relaxed form which can serve as a template for the associated polymerase. The viral RNA
appears to be completely shielded by the N protein and not accessible to small cellular
compounds, including RNA-binding proteins like RNases or small (interfering) RNAs (Albertini
et al., 2008).

The ability to reach the CNS from a peripheral infection site, referred to as‘‘neuroinvasiveness,”’
largely determines the virulence of the virus. A key strategy of the virus therefore is to avoid
direct cytotoxicity, innate immunity, and inflammation to conserve the integrity of the neuronal
network and to gain time to reach the CNS (Dietzschold et al., 2008; Finke et al., 2005; Schnell
et al., 2010).

The highest estimates of direct mortality due to rabies are transmission most commonly through
the bite of a rabid animal. After a bite by a rabid animal, the virus enters the peripheral nervous
system of human and it begins to multiply in the area near the entry site. It then travels along the
afferent nerves toward the central nervous system where brain is the center of multiplication (Li
et al., 2005). When the virus reaches the brain, it rapidly causes encephalitis, the prodromal
phase, and is the beginning of the symptoms and it is irreversible for medical treatment after the
on-set of clinical manifestation of the disease. The incubation period lasts a varying amount of
time; it can range from days to years, but the average length is 3-8 weeks (Deressa et al., 2010).
Compared to other viral encephalitides, little inflammation is observed in rabies and symptoms

appear to arise from neuronal dysfunction rather than damage (Li et al., 2005).

1.3.4. Epidemiology and Risk Factors

Rabies virus is found worldwide and has been described since ancient times. Rabies is generally
considered to be a fast-moving trans boundary disease that does not respect borders and is the
most important human zoonosis causing tens of thousands of deaths per year, mostly in children
(Rupprecht et al., 2008; Steele et al.,2001; WHO, 2005).

It kills large number of animals and humans in many countries every year. Among all infectious
diseases prevalent in the world, rabies ranks seventh in which human life is lost (Wyatt, 2007).

The highest numbers of cases are reported in Africa and Asia, particularly the Indian-sub



continent (Burki, 2008). This situation reflects the relative lack of systematic control and
prevention initiatives, including surveillance and response systems. In India, because vaccine-
preventable diseases are the first public health priority especially in children, rabies and other
zoonoses tend to be neglected, as they are not seen as the responsibility of either human or

veterinary health care providers (John et al., 2011).

Rabies causes at least 24,000 deaths per year in Africa (Cleaveland et al., 2002). In Africa,
human rabies has decreased over the past 10 years (WHO, 2010). Studies predicting the true
number of human cases using indirect measures demonstrate that in Africa rabies is also under-
reported because of poor surveillance and reporting structures and is diagnosed only clinically in
most countries, as few have facilities for laboratory confirmation (Dodet, 2008;Knobel et al.,
2005).

There is a high Incidence of Rabies in humans and domestic animals in Ethiopia, as shown in the
reports of high death rates in poor rural communities and children (Jemberu et al., 2013). The
presence of many stray dogs and cats in urban areas of Ethiopia can be sufficient to create
significant risks for the spread of rabies in major cities and towns. The wide spread and abundant
wild life populations have also a role in sylvatic (wildlife) rabies (Fekadu et al., 1982). Infants
and children are more vulnerable to rabies infection than other age groups due to the fact that
they mostly play with dogs and pets (Deressa et al., 2010). Overall poor knowledge of this
disease in the country could also be a risk factor for rabies transmission and death (Tschopp et
al., 2016).

Rabies is still present in Europe, but the human rabies has disappeared from many European
countries. Canine rabies has been eliminated from many regions through veterinary service
initiatives, including the mandatory registration and vaccination of dogs and requirements for
responsible dog ownership (Blanton et al., 2012; CDC, 2007).



1.3.5 Clinical presentation

I. Animals

The incubation period of canine rabies varies from days to many months. The length of
incubation period apparently depends on several factors, including the site of exposure
(inoculation), the infecting dose and the virus strain (Fekadu et al., 1982).There are three distinct

clinical stages of rabies in animals.

a. Prodromal stage: The initial clinical signs are often nonspecific and which usually lasts for
about 1-3 days. During this phase, the dog's behavior may change which includes fearfulness,
restlessness, anorexia or an increased appetite, vomiting, diarrhea, a slight fever, dilation of the
pupils, hyper reactivity to stimuli and excessive salivation. Animals often have behavioral and
temperament changes, and may become either unusually aggressive or uncharacteristically

affectionate.

b.Classical (furious) phase: Eventually, the prodromal stage is followed by a period of severe
agitation, aggressiveness, confusion, or hallucinations. The dog is most dangerous at this stage
because of its urge to bite anything it encounters. In most cases, an altered phonation (a
characteristic high pitched bark) develops. The dog has difficulty swallowing because of spasms
and paralysis of the pharyngeal muscle, causing the animal to drool. Death may follow
convulsions even without the paralytic stage of the disease.

c.Paralytic (dumb) phase: Dumb rabies occurs when the classical phase is extremely short or
absent. The most characteristic sign is the "dropped jaw" caused by paralysis of the masseter
muscles. This stage is characterized by the inability to swallow, leading to a typical sign of
foaming saliva around the mouth. The animal often makes choking sounds as if a bone were
stuck in its throat. Some animals may develop paralysis beginning at the hind extremities.
Eventually, complete paralysis is followed by death. These cases are often clinically
indistinguishable from Guillain-Barre syndrome (GBS) (Gadre et al., 2010; Hemachudha et al.,
2005; Udawat et al., 2001)



I1. Humans

1. Prodromal period

After a bite by a rabid animal, the virus enters the peripheral nervous system of human and it
begins to multiply in the area near the entry site. It then travels along the afferent nerves toward
the central nervous system. The duration of this period is 2-10 days. Nonspecific symptoms and
signs develop. The common clinical sign in this stage incude;pain,nausea, vomiting, fever,

myalgia, insomnia and headach.

2. Acute neurologic period

The acute neurological signs include patients showing intermittent agitation and confusion. Signs
of autonomic dysfunction including hydrophobia,hypersalivation , aerophobia, dyspnea ,
photophobia and piloerection . Other signs include fever, muscle fasciculation,
hydrophobia,photophobia and convulsions. Cranial nerve involvement and ophthalmoplegia,
facial weakness and dysphagia are also reported in patients in this stage. The duration of this
period is 2-7 days Patients may die immediately or may progress to paralysis.

3. Paralytic rabies

Another form of rabies, paralytic rabies, is also known as dumb rabies or apathetic rabies,
because the patient is relatively quiet compared with a person with the furious form. In the
paralytic rabies cases, patients show signs of flaccid paralysis, urinary incontinence, and
abdominal discomfort. The acute signs ended with abrupt death or progression into coma before
death. Twenty percent of patients do not develop the furious form.

4, Coma

This begins within 10 days of onset with various duration. Without intensive supportive care,
respiratory depression, arrest, and death occur shortly after coma. (CDC, 2004; Jackson, 1999;
Senthilkumaran et al., 2015, Susilawathi et al., 2012; Wilson et al., 1975)
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1.3.6. Laboratory Methods for Isolation and Identification of rabies virus

There are different laboratory techniques available for diagnosis of rabies each having their own
limitations and failures. Adolchi Negri was the first person who provided description of rabies
virus infection using light microscope (Markson, 1969). Histological examination of brain
sections or impression smears by light microscopy, in detection of characteristic Negri bodies,
has been considered standard method of rabies diagnosis and provided a basis for diagnosing

rabies for about 100 years (Trimarchi et al., 2007).

Negri bodies are aggregates of viral proteins, intra-cytoplasmic, eosinophilic inclusions in rabies-
infected tissue which are specific for rabies virus infection (Negri et al., 1903).The staining
techniques are not specific since they merely detect affinity for acidophilic stains. Under light
microscopy these Negri bodies are round or oval, acidophilic and strongly refringent, staining

pink with haematoxylin-eosin and red with Mann's stain (Figure 1.2).

However in this technique false negatives results may occur because not all individuals develop
Negri bodies and false positive results may occur if nonspecific inclusion bodies are present
(Leighton et al., 1983; Fekadu et al., 1988).In a positive rabies cases, the presence of Negri
bodies varies from 10 to 65% (OIE,2000). Due to these limitations, histopathological technique
has gradually been replaced by use of the fluorescent antibody test. The OIE no longer
recommends histopathology for diagnosis of rabies.

The fluorescent antibody test (FAT) is the most widely used method for diagnosing rabies
infection in animals and humans which is recommended by both WHO and OIE. Because the
FAT is specific, and compared to the histological demonstration of Negri bodies has a high
degree of sensitivity, it became a standard diagnostic procedure and is considered the gold

standard for rabies diagnosis (Dean et al., 1996) (Figure 1.3).

In 1958, Goldwasser and Kissling developed the first direct immunofluorescence for diagnosis of
rabies and it became a routine diagnostic method in the 1970’s. The test is particularly sensitive
with fresh specimens, but it can also be used in fixed tissues after treatment with trypsin or other
enzymes (Dean et al., 1996; Whitfield, 2001).Brain tissue samples, smears or cells are treated
with anti-rabies serum or globulin labelled with fluorescein isothiocynate. The main advantage

of this test is that results can be obtained within 2 hours, but the requirement of specialized
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laboratories, trained personnel, fluorescence microscope and rabies conjugate makes this
technique relatively expensive. However, The FAT provides a reliable diagnosis in 98-100%
cases (Dean et al., 2009). Immunofluorescent staining of rabies antigen in Formalin-fixed brain

tissue was first reported by Johnson et al., 1980.

In Ethiopia, EPHI is the only laboratory for diagnosis of rabies infection in which the laboratory
has been using the FAT as the sole diagnostic method.

Other techniques for rabies diagnosis include:-direct visualization by electron microscopy, direct
or indirect FAT, virus cultivation in cell lines, mouse inoculation test (MIT),
immunohistochemistry, enzyme immunoassay, molecular hybridization, reverse transcription
polymerase chain reaction (RT-PCR); demonstration of specific antibodies in cerebral fluid and
dRIT(direct rapid immunohistochemical test) (Dean et al, 1996; Koprowski, 1996; Tierkel et al.,
1996; Meslin et al., 1996)

The confirmatory test among these several diagnostic methods is virus isolation (VI) by

inoculating cell cultures with brain homogenates suspected to harbor RABV

-

-

-

Figure 1.2 H&E stain of Negri bodies in the cytoplasm of nerve cell (Beigh, 2016)
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Figure 1.3 Impression smear obtained from animals suspected of having rabies showing
apple green fluorescence in neurons. Direct FAT (Dong et al., 2012)

1.3.7. Prevention of Rabies virus

Canine rabies has been eliminated from many regions through veterinary service initiatives,
including the mandatory registration and vaccination of dogs and requirements for responsible
dog ownership (Blanton et al., 2012; CDC, 2007). Oral vaccination campaigns for wildlife have
also removed the threat of sylvatic rabies from carnivores in some areas (Muller et al., 2012).
Controlling and preventing rabies in dogs is crucial to preventing the disease in humans
(Coleman et al., 1996). Showcase initiatives have demonstrated that the elimination of canine
rabies from Africa and Asia is epidemiologically and practically feasible, through mass
vaccination and enforcement of responsible dog ownership (Kaare et al., 2009; Zinsstag et al.,
2009).

Rabies can be prevented before the latent symptoms can develop, which consists of giving a
person an injection of rabies immune globulin and injection of rabies vaccine as soon as possible
after the bite or exposure to saliva from an infected animal. Human rabies immune globulin is
used or injected at the bite area immediately because it attacks the virus and slows down or stops

viral progression through the nerves (Fogelman et al., 1993).

The people who are considered as high risk group need pre-exposure prophylaxis. These groups
includes; people whose activities bring them in contact with rabies virus or rabid animals such as

veterinarians, animal handlers and laboratory workers; international travelers likely to come in
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contact with animals in the rabies prevalent areas. All these groups should be treated with rabies
vaccines to avoid the chances of sudden exposure leading to infection.

Effective rabies control and prevention programmes require reliable information on disease
occurrence, therefore they should be guided by modern epidemiological insights and driven by
laboratory-based surveillance (Rupprecht et al., 2006).Access to modern rabies vaccines and
immunoglobulins, and creating awareness among the people in high-risk countries could also be

important factors in the prevention of Rabies.

1.4. Significance of the study

The laboratory diagnosis of rabies has fundamental importance so that control measures can be
taken, and human treatment decisions may be recommended. Some of the laboratory methods for
detecting rabies virus antigen in a brain sample taken at necropsy include: - microscopic
examination for Negri bodies (MEN), mouse inoculations test (MIT), and fluorescent antibody
tests (FAT) (Dean et al., 1996; Koprowski, 1996; Tierkel et al., 1996).The virus might also be
found in other tissues such as the salivary gland, skin (tactile facial hair follicles) and corneal
impression smears, even though detection is less efficient (Barecha et al.,2017). Laboratory
confirmation of the clinical suspicion of rabies is vital for initiating prompt and appropriate
infection control, public health measures and in prescribing anti-rabies treatment after exposure.
On the other hand in cases lacking clinical suspicion or laboratory confirmation, such as samples
from apparently healthy rabies carrier dogs; the prescribed treatment is generally delayed or
interrupted. Therefore, this laboratory diagnosis must be trustworthy in terms of sensitivity and
specificity, and also be quickly obtainable.

Diagnosis of clinical rabies is difficult and is often not made until after death of the animal, so
early diagnosis of rabies in animals is necessary for timely administration of post-exposure
prophylaxis to human beings.

FAT is the most widely used method for diagnosing rabies infection in animals and humans and
recommended by both WHO and OIE. Because FAT is sensitive, specific, and easy to perform, it
became a standard diagnostic procedure and is the preferred test for rabies diagnosis (Dean et al.,
1996; Smith, 1999).The test is particularly sensitive with fresh specimens but occasionally brain

tissues from suspected rabid animals are still submitted in formalin, although this has been
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discouraged for a number of years. However, the test can also be modified for testing in
formalin-fixed material (Reid et al., 1983; Warner et al., 1999).

In cases where there is difficulty in sample transportation, or refrigeration facilities are
inadequate or not continuously functioning, the technique of IF staining of smears prepared from
formalized brain tissue after treatment with trypsin can be a useful adjunct to other diagnostic
methods. It also makes working safer where special facilities are absent.

Therefore, the present study was aimed at comparing FAT for the diagnosis of rabies on fresh,
frozen and formalin fixed brain tissues specimens and to evaluate the performance of FAT on
these three clinical samples.

1.5. Objectives of the study

1.5.1. General objective

e To evaluate fluorescent antibody test for rabies detection in fresh, frozen and

formalin-fixed brain tissue specimens in Ethiopia

1.5.2. Specific objective

e To evaluate the sensitivity and specificity of FAT on frozen brain samples and
formalin-fixed brain samples compared with fresh brain samples obtained
from different animals

e To determine optimal duration of trypsin treatment for maximizing result of

rabies antigen detection by IF staining in formalin-fixed brain tissue samples
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CHAPTER II:
MATERIALS AND METHODS
2.1. Study design, Period and Area

2.1.1. Study design
A cross sectional study was conducted.

2.1.2. Study area and period
The study was carried out at Parasitology, Bacteriology and Zoonosis Directorate of Ethiopian

Public Health Institute (EPHI), and Vaccine and Diagnostics Production Directorate of EPHI
from March 2017-July 2017. EPHI is the only referral laboratory for rabies diagnosis service,
which is based on animal clinical observation under quarantine period & laboratory

confirmation. The laboratory confirmation is done using Fluorescent Antibody test (FAT).

2.2. Sample size and Sampling Technique

FAT was done on 41 animal brain tissues which were collected from March 2017-July 2017.All
fresh animal brain tissue that has been submitted to the Ethiopian public Health Institute during
the study period was included in the study. Convenient sampling technique was employed.

2.3. Sample Collection, Handling and Transport

Whole brains were collected after natural death or from animals sacrificed during any stage of
the clinical syndrome. Only brain tissues were examined in this study. The majority were from
dogs, few others were from cats, ox, and donkey. Standard diagnosis of rabies virus infection is
ideally based on examination of at least three areas of the brain: hippocampus, cerebellum, and
brain stem (Fekadu et al., 1986; Smith, 1999).Therefore, in the present study diagnosis of brain
tissue samples from areas of brain stem, hippocampus and cerebellum were included. Separate
test from the same brain tissue specimen was done. Fresh brain tissue specimens were processed
as soon as the brain is dissected while frozen specimens were kept at -20°c and the third

specimen were fixed in formalin for FAT analysis.
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2.3.1 Tissue preparation

The brain tissues examined in this study was collected as paired specimens. One portion of each
paired specimen was prepared for fresh, frozen fluorescent antibody testing and the other portion
prepared for formalin-fixed by Pl and trained laboratory personnel. The fresh/frozen specimens
from brain impressions were made at necropsy or cryostat-sectioned specimens that were fixed
in acetone as previously described (Goldwasser et al., 1958). The tissues were held in buffered
formalin (10% formalin) for a period of 96 hours. The formalin fixed tissue was digested in

0.25% trypsin for 90 minutes.

2.3.2 Fluorescent antibody test (FAT)

The FAT was performed according to the procedure described by the OIE and WHO (OIE, 2000;
WHO, 1992). In brief, from fresh, frozen and fixed specimens thin sections of brain tissue on
slides was fixed in cold acetone (-20°C) for 1 hour to overnight. After three successive wash with
phosphate buffer saline (PBS), the slides were incubated with sufficient quantity (0.45 pl) of

fluorescein isothiocyanate (FITC) conjugate (see Annex Il1).

After rinsing with PBS, the slides were air-dried and mounting buffered glycerin was applied.
The slides were examined under cover slips at magnification of 400x using a fluorescent
microscope. Positive and negative controls were run together with the test samples. The slide

showing specific fluorescence confirmed a positive result.

2.3.3 Cell culture

As a single negative test on fresh material does not rule out the possibility of infection, cell
culture was carried out simultaneously. BHK-21 cell lines (CDC, Atlanta) were used for cell
culture titration (in vitro) of harvest virus suspension. A monolayer culture of susceptible cells is
inoculated with a pool of several CNS tissues, including the brain stem. FAT carried out after
appropriate incubation demonstrated the presence or absence of viral antigen as described by
Webster (1987).
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2.3.4. Comparison of FAT results

The sensitivity and specificity of FAT results of frozen and formalin preserved trypsin-digested

specimens vs. fresh specimens were calculated with the following formula:

FAT Result FAT result Total Number
Frozen/Fixed specimen Fresh Specimen
Positive Positive (True | Negative (False | Total Test positive
(number) Positive-TP) positive-FP)
Negative Negative  (False | Negative(True Total Test Negative
(number) Negative-FN) negative-TN )

Total Total Total

Sensitivity= TP/TP+FN x100
Specificity= TN/TN+FP x 100

All the specimens were maintained independently for fresh, frozen and formalin fixed FAT until
all test results were completed. After the independent evaluation was completed, the results were

compared.

2.4. Data processing and analysis

All data were entered and analyzed with SPSS 20 version of statistical software. For statistical
analysis, a sample was defined as positive when at least brilliant apple green shinning
inclusions/dots/particles of varying sizes and shapes were present in 10% to 50% of the
microscopic field. To compare the result of the percentage of sensitivity and the agreement
between methods (Fresh/frozen & fixed FAT); two by two table for each test against the standard

was employed as described by Noordhui Zen et al., (1997).

2.5. Quality Control

Along with the test specimen, known specimen positive for rabies virus (challenge virus) and a
known negative specimen was performed in parallel. In addition, all specimens negative for FAT

were processed for cell culture using BHK-21 cell lines (Webster, 1987).
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2.6. Study Variables

2.6.1. Dependent variable
e Correct diagnosis of rabies

2.6.2. Independent variables
e Specimen types (fresh,fozen & fixed tissues)

e Brain areas from which specimens were taken

2.7. Ethical Consideration

This research was performed after ethical approval from the DREC of DMIP and approval from
the Department of Microbiology, Immunology and Parasitology (DMIP), and ethical clearance
obtained from EPHI, Scientific and Ethical Review Committee. Permission to use the samples

was obtained from Parasitology, Bacteriology and Zoonosis Directorate of EPHI.
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CHAPTER III:

RESULTS

3.1. Demographic characteristics of suspected rabid animals

A total of 41 brain samples from suspected cases of rabies from different species of animals
including dog (n=35) (85.4%), feline (cat) (4.9%) (n=2), bovine (ox) (n=3)(7.3%) and donkey
(n=1)(2.4%) were collected during the study period from different geographical locations of the

country. Among the animals included in this study, majority were males (Table 3.1a). And the
Age distribution of the animals 36(87.8%) were >1 years of age (Table 3.1b).

Among the 41 animal species examined, 33(80.5%) were owned while 8(19.5%) were street

animals. 38 out of 41 (7.3%) of the animals were not vaccinated. Among the suspected rabies

cases included in this study, the majority of the animals were dead at presentation (Table
3.1b).Based on the regional distribution; 61% animals were from Addis Ababa, 31.7% from

Oromia, 4.9% from Ambhara region and 2.4% from SNNP regions (Figure.3.1)

Table 3.1a. Demographic characteristics of suspected rabid animals during March 2017 to

July 2017
Animal species Sex of the animal Total Percent (%)
Male Female
Dogs 31 4 35 85.4
Feline 1 1 2 4.9
Bovine 2 1 3 7.3
Donkey 1 0 1 2.4
Total 35 6 41 100.0
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Table 3.1b. Demographic Characteristics of suspected rabid animals during March 2017 to

July 2017

Categories Frequency Percent (%)
Ownership status Owned 33 80.5

Street 8 195
Vaccination status Yes 3 7.3

No 38 92.7
Animal presentation | Dead 32 78.0

Alive 9 22.0
Age of animals <1 year 5 12.2

>] year 36 87.8
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Figure 3.1. Distribution of suspected rabid animals based on Geographical location
3.2. Clinical characteristics of suspected rabid animals

Among 41 suspected rabid animal brains examined by FAT 32 (78%) were positive for rabies.
Based on the history obtained from owner, the clinical characteristics of rabid animals are
presented in Table 3.2.The most common clinical symptom observed was anorexia (87.5%),
followed by behavioral change (56.3%) and hypersalivation (46.8%) (Table 3.2).
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Table 3.2. Clinical signs in positive cases of rabid animals (n=32), EPHI, March 2017 to
July 2017

Symptom No. of animals Percent (%)
Anorexia 28 87.5
Behavioral change 18 56.25
Hyper salivation 15 46.88
Paralysis 9 28.13
Frequent micturition 7 21.88
Nervous sign 16 50

No visible symptoms 4 12.5

3.3. FAT result

a. Fresh brain samples

Among 41 fresh brain specimens examined by FAT, 32/41(78%) were positive for rabies while
the rest 9/41(22%) were negative (Table 3.3). Among the positive fresh brain tissue specimen of
dogs (n=28/35), 25 showed grade +3 and3 showed grade +2 results. All the positive fresh brain

tissue specimens of feline, bovine and donkey showed grade +3 results (Table 3.3).
b.Frozen brain samples

Among the 41 frozen brain specimens examined by FAT 32/41(78%) were positive for rabies
while the rest 9/41(22%) were negative (Table 3.3).Among the positive frozen brain tissue
specimen of dogs (n=28/35), 24 showed grade +3 and 4 showed grade +2 results. All the
positive frozen brain tissue specimens of feline, bovine and donkey showed grade +3 results
(Table 3.3).
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c. Formalin fixed brain samples

Among 41formalin fixed brain specimens examined by FAT, 31/41(75.65%) were positivefor

rabies while the rest 10/41(24.4%) were negative (Table 3.3).Among the positive formalin fixed

brain tissue specimen of dogs (n=27/35), 24 showed grade +3 and 3 showed grade +2 results.

All the positive frozen brain tissue specimens of feline and donkey showed grade +2 and +3

results, respectively, while bovine specimens showed grade +3 and +2 results (Table 3.3).

Table 3.3: Fresh, Formalin fixed and Frozen brain tissue specimen grading result using
Fluorescent antibody technique

Species | Fresh tissue Frozen tissue Formalin fixed tissue
Positive Negati. | Positive Negative | Pos Neg

Dog (n=25)=+ |7 (n=24)=+43 |7 (n=24)=+3 | 8

(n=35) |3 (n=4)=+2 (n=3)=+2
(n=3)=+2

Feline (n=1)=+3 |1 (n=1)=+3 1 (n=1)=+2 1

(n=2)

Bovine | (n=2)=+3 |1 (n=2)=+3 1 (n=1)=+3 1

(n=3) (n=1)=+2

Donkey | (n=1)=+3 |0 (n=1)=+3 0 (n=1)=+3 |0

(n=1)

41 32 9 32 9 31 10

*Grade +3 (see Annex 1V)
Grade+2 (see Annex V)
Grade+1: (see Annex V)

3.4. Comparison of FAT: Frozen and formal fixed specimen vs. Fresh

specimens examined

The sensitivity and specificity FAT were calculated according to the method described by

Mausner & Bahn (Mausner, 1974) using the following formula:
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Percentage sensitivity= no. of true positives x 100

Total no. of true positives + false negatives

Percentage specificity = no.of true negatives x 100

Total no. of true negatives + false positives
True positive: A specimen that was positive for rabies antigen by direct IF examination of fresh

specimen, and remained positive after frozen/formalin fixed.

True negative: A specimen that was negative for rabies antigen by direct IF examination of

fresh specimen, and remained negative after frozen/ formalin fixed.

False positive: A specimen that was negative for rabies antigen by direct IF examination of fresh
specimen, but gave a positive result after frozen/formalin fixed and treated with trypsin.
False negative: A specimen that was positive for rabies antigen by direct IF examination of fresh
specimen, but gave a negative result after frozen/formalin fixed and treated with trypsin.
. Sensitivity and specificity of FAT: fresh specimen vs. formalin fixed specimen
(Table 3.4)
Percentage sensitivity= no. of true positives x 100

Total no. of true positives + false negatives
31/31+1x100 =96.9%

Percentage specificity = no.of true negatives x 100

Total no. of true negatives + false positives
9/9+0x100 =100%

Table 3.4. Percentage sensitivity and specificityof FAT in fixed brain specimen

FAT result Fresh specimen

Fixed specimen Positive Negative Total
Positive 31 (TP) 0 (FP) 31
Negative 1 (FN) 9 (TN) 10
Total 32 9 41
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1. Sensitivity and specificity of FAT: fresh specimen vs. frozen specimen(Table

3.5)

Percentage sensitivity= no. of true positives x 100

32/32+0x 100 =100%

Total no. of true positives + false negatives

Percentage specificity = no.of true negatives x 100

9/9+0x100 =100%

Total no. of true negatives + false positives

Table 3.5. Percentage sensitivity and specificity of FAT in frozen brain specimen

FAT result Fresh specimen

Frozen specimen Positive Negative Total
Positive 32 (TP) 0 (FP) 32
Negative 0 (FN) 9 (TN) 9
Total 32 9 41

In frozen specimen both the sensitivity and specificity of FAT is similar with FAT of fresh

specimen which is 100 % (Table 3.6).

Out of the 32/41 specimens found to be positive with conventional test 31/41 yielded a positive

result after trypsin digestion of the formalin-preserved part of the brain. 9/41 specimens which

were negative with the conventional FAT also gave negative results with digested, formalin-

preserved brain. And in a frozen specimens, 32/41 specimens were found to be positive like that

of FAT of fresh specimen and 9/41 specimens were negative similar to the fresh specimen

(Table 3.6).
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Table 3.6. Comparison of FAT between Frozen and Fresh brain tissue specimensobtained
from different animals

Species Frozen tissue Fresh tissue Correlation
Positive Negative Positive Negative (%)
Dog 28 7 28 7 100
(n=35)
Feline 1 1 1 1 100
(n=2)
Bovine 2 1 2 1 100
(n=3)
Donkey 1 0 1 0 100
(n=1)
32 9 32 9

3.5 Duration of trypsin treatment

In formalin-fixed tissue, the minimum duration of trypsin treatment that resulted in optimal

fluorescence was 90 min at 37 °C (Table 3.8).

Table 3.7. Effect of duration of trypsin treatment on the results of IF staining for rabies

antigen in formalin-fixed brain tissue samples after incubated at 37 °C.

Animal | Fresh Formalin-fixed tissue: duration of trypsin treatment (min)
tissue 0 30 60 90 120 150

Dog - - - - - - -

Dog 3+ - 2+ 2+ 2+ 2+ 2+
Bovine | 3+ - 2+ 2+ 3+ 3+ 3+
Donkey | 3+ - 2+ 2+ 3+ 3+ 3+
Bovine | 3+ - 2+ 2+ 2+ 2+ 2+
Dog 2+ - - - - - -

Feline 3+ - 1+ 2+ 2+ 2+ 2+
Dog 3+ - 2+ 3+ 3+ 3+ 3+
Dog 3+ - 3+ 3+ 3+ 3+ 3+
Dog 3+ - 2+ 3+ 3+ 3+ 3+
Dog 3+ - 2+ 2+ 3+ 3+ 3+
Dog 3+ - 3+ 3+ 3+ 3+ 3+
Dog 2+ - 2+ 2+ 2+ 2+ 2+
Dog 3+ - 3+ 3+ 3+ 3+ 3+
Dog 3+ - 2+ 2+ 3+ 3+ 3+
Dog 3+ - 3+ 3+ 3+ 3+ 3+
Dog 3+ - 3+ 3+ 3+ 3+ 3+
Dog 3+ - 2+ 3+ 3+ 3+ 3+
Dog 2+ - 1+ 2+ 2+ 2+ 2+
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*Grade +3 (see Annex V)
Grade+2 (see Annex 1V)
Grade - (see Annex 1V)

3.6 FAT for Quality control specimens

Along all tissue specimens done, 30 known positive samples and 30 known negative samples
that has been done using conventional method were processed with the test specimens and all the
30 (100%) known positive samples gave positive results when it is done using FAT. And all the
30 known negative samples gave negative results using FAT. The suspected rabies cases (local

strains) were checked for sensitivity on BHK-21 cell line on both positive and negative controls.

3.7 Cell Culture

From a total of 41 fresh specimens examined using FAT, 9/41(22%) were negative. All the nine
negative samples were cultured for rabies virus using BHK-21 cell lines and the result showed

all were negative for rabies virus antigen.
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CHAPTER IV:

DISCUSSION

Rabies is a major public-health problem in most regions of the world, especially in developing
countries (WHO, 1992; Dacheux, 2010). The disease accounted for up to 75000 human deaths
each year in canine rabies-endemic regions of the world (Wyatt, 2007).In Ethiopia rabies is one
of the major public health burdens in which human lives are lost (Deressa et al., 2010).

In the present study, the majority of animal species suspected for rabies infection were dogs
(85.4% ) in agreement with astudy done in which more than 95% of human rabies cases were
due to dog bites(Knobel et al., 2005). Another study also showed that 91.8 % of the reported
cases were in dogs (Ramos et al., 2015). Among the 41 animal species examined in the current
study, 80.5%were owned while 19.5% were street animals similar to another study conducted in
which 78.4% were owned and 21.6% were street animals (Reta et al., 2014). According to a
retrospective study done in and around Addis Ababa from the rabies suspected cases, only 3.6%
of animals had vaccination while the rest 96.4% were unvaccinated (Reta et al., 2014). Similar
finding was observed in the present study in which the majority of the dogs (94.7%) were
unvaccinated and few were vaccinated (7.3%).

In regards to the age of the animals, 12.2% of the study animals were less than 1 year old,
while87.8% were older than 1 year which is similar to the previous study done in Metahara,

Oromia and Afar regions where the majority of the study animal’s age was greater than one year

old (73.7%) (Tschopp et al., 2016).

In the present study, the most reported symptom in suspected rabid animal was anorexia
(87.5%), followed by behavioral changes (50%) and hyper salivation (46.8%). Similar findings
have been reported in which anorexia and behavioral changes were found to be in 94.4% and
55.5% of rabid cases, respectively (Beigh et al., 2016; Soria et al., 1988).In this study other
clinical characteristics such as paralysis, frequent micturation, nervousness were observed in
28.13%, 27.7% and 50% rabid cases, respectively. Similar findings have been reported in studies
conducted elsewhere (Soria et al., 1988; Srinunthapanth et al., 1985; Beigh et al., 2016).
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Many diagnostic methods are being used to detect rabies virus antigen. FAT is the standard test
for the detection of rabies virus antigen in fresh tissue and it can also be used in Formalin fixed
brain tissues (Goldwasser et al., 1958).

A study conducted by Abraham et al.,(2010) using animals’ brain tissue samples of 2517 from
dogs, cats, cattle, horses, donkeys, Shoats(young pig), hyenas and monkeys and examined for
rabies using FAT, 76.9% were positive for rabies antigen. Similar finding was observed in the
present study which included dogs, cats, bovine and donkey, where 78% were positive for rabies

antigen using FAT technique.

In the present study, out of the 32 specimens which were found to be positive with fresh FAT, 31
yielded a positive result after trypsin digestion of the formalin-preserved brain tissue. This is in
agreement with a study conducted by Barnard et al.,(1982) which compared the
immunofluorescence obtained with formalin preserved, trypsin-digested specimens with the
fluorescence obtained with undigested and glycerine-preserved specimens tissues (Barnard et al.,
1982). The result showed out of the 41 specimens which was found to be positive with
conventional tests, 40 yielded a positive result after trypsin digestion of the formalin-preserved
brain tissue and thirteen specimens negative with the conventional FAT also gave negative
results with digested, formalin-preserved brain tissues (Barnard et al., 1982). In another study
where direct comparison of immunofluorescent staining of fresh tissue from 23 known rabies
positive animals was done out of 21 smears of formalin fixed trypsin digested specimens, 2

failed to give a positive result (Umoh et al., 1985).

According to Peggy (1979), the intensity and specificity of FA staining of measles when the
trypsin digestion method was used to detect viral antigens present in hamster brain following
experimental infection with measles virus, the results were comparable to those obtained with
acetone-fixed, freshly frozen tissues that had been sectioned with a cryostat. Trypsin digestion
enhanced the intensity of specific immunofluorescence in all virus-containing specimens
examined. Use of pepsin and trypsin treatment of Formalin-fixed brain tissue enhance in
unmasking rabies antigenic sites. According to study done by Frances et al., (1983) specimens

who were negative by mouse inoculation were negative after trypsin or pepsin-trypsin digestion.
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The present study revealed that detection of rabies virus in fresh and formalin-fixed tissues was
in agreement in 96.9% of the cases using FAT, similar to a previous study done where agreement
revealed more than 99.8% of the cases using the same technique (Whitfield et al., 2001).Also a
study which suggested FAT on formalin fixed tissue as complementary to standard diagnostic

techniques (Johnson et al., 1980).

In the present study, FAT of formalin fixed tissue had a Sensitivity of 96.9% and specificity of
100%. In a similar study, FAT of formalin-fixed specimens exhibited a sensitivity of 99.8% in
comparison to FAT of fresh tissue specimens. No false positive results were obtained in
formalin-fixed FAT procedures (Whitfield et al., 2001).In another study conducted by Umoh et
al., (1981) FAT of formalin fixed tissue had Sensitivity of 92% after treatment with trypsin. The
sensitivity is little lower than the present study which has 96.9 this could be due to difference in
quality of the sample, virus antigen distribution, and areas of the brain tested. Rabies virus
antigen is not uniformly distributed in the brains of infected animals. In both studies the

specificity was 100%.

In the present study the false negative results observed in the smears in the blind-coded reading
were seen only on specimens that were known to contain low levels of rabies antigen (2+), which
is similar to a previous study and this could be due to the reason that tissues that tended to wash
away could infer some degree of autolysis (Umoh et al., 1981).

In the current study from a total of 30 known positive and 30 known negative controls which run
together with test specimen, all (100%) positive controls gave positive results and all (100%)
negative controls gave negative results with FAT similar in findings performed by Rahman et al.,
where no antigen expression was detected in the negative control of the buffalo’s brains

(Rahman et al., 2015).

In the present study out of 41 tissue specimens diagnosed 9 gave negative results by FAT of
fresh tissue. All the 9 negative FAT tissues were cultivated in BHK-21 cell line and FAT was
done. All 9 (100%) of tissues cultivated in BHK-21 cell line gave negative result after FAT was
done. BHK- 21 cells do present an adequate sensitivity and provide an adequate alternative,
yielding reliable and faster results in a similar previous study (Fabio et al., 2001).

Finding of the present study revealed the minimum duration of trypsin treatment that resulted in

optimal fluorescence was 90 min incubated at 37°C which is in contrast to another study which
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had optimal duration of 60 min (Umoh et al.,1981) .This could be due to difference in the

concentration of trypsin.

FAT of Fresh tissue is the standard test for rabies diagnosis but this could not always be true
especially in developing countries where rabies diagnostic facility is limited or refrigeration
facilities are inadequate and also in areas where there is difficulty in sample transportation, fresh
tissue for rabies diagnosis may not be available. Therefore, this study was conducted to assess
the detection rate of IF staining of smears prepared from formalized brain tissue after treatment

with trypsin.
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Conclusion

Rabies is a fatal zoonetic disease and its clinical manifestations are unpredictable. Therefore a
reliable rabies diagnostic test must detect viral antigen. In areas where adequate preservation of
fresh material is not possible, the examination of formalin preserved, trypsin-digested brain
seems to be more specific and more rapid examination.

The results of deep freezed FAT were similar in sensitivity and specificity with that of fresh
specimen. The results of IF staining of rabies antigen in formalin-fixed CNS tissues treated with
trypsin are comparable in sensitivity and specificity with results obtained on fresh or frozen
specimens of the same tissues. Thus, fixation and preservation of CNS tissues in 10% formalin
should be considered in situations where preservation by freezing is difficult. FAT on formalin
fixed tissue can be used as an alternative to FAT on fresh tissue with the similar sensitivity, when
only formalin-fixed tissue is available for post-mortem diagnosis. The technique should not

replace standard methods, but is an acceptable procedure when no other possibilities exist.
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Recommendations

Based on the findings of the present study, the following recommendations are made:
. Policy makers (Ministry of Health & Ministry of Livestock and fishery)

o Demonstration on how to preserve brain tissues using 10% formalin in different
regions and administrative cities of the country as an alternative sample where fresh
sample is not available

o In areas where there is refrigerator, deep freeze sample is recommended as a means
of brain tissue sample preservative

o Use of cell cultures may be used as a confirmatory test for FAT in the diagnosis of

rabies

1. For future research
e Detection of the sensitivity & specificity of FAT in stored and preserved samples
using large sample size
e Research using other diagnostic techniques for Rabies
e Further study to characterize the genotype of the collected samples of rabies virus by
molecular techniques, so that to identify the dominant type in Ethiopia.

Limitation of the study

e Small number of rabies suspected cases (brain tissue specimens) were included in the

study
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ANNEXS

ANNEX |I: DEMOGRAPHIC CHARACTERISTIC OF SUSPECTED RAPID ANIMALS

No.

Questions

Response

Animal Species

A. Dog

B. Feline
C. Bovine
D. Donkey
E. Other

Sex of Animal

A. Male
B. Female

Age of animals

A.<1 year

B.>1 year

Ownership status

A. Owned

B. Street

Vaccination status

A.Yes

B. No

Animal presentation

A. Dead

B.Alive

Geographical location for suspected

animals

A. Addis Ababa
B. Oromia
C.SNNP

D. Amhara

E. Other
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ANNEX II: CLINICAL CHARACTERISTICS SUSPECTED RAPID
ANIMALS

No. Question Response

1 Clinical symptoms observed A. Anorexia

B. Behavioral change
C. Hyper salivation

D. Paralysis

E. Frequent micturition
F. Nervous sign

G. No visible symptoms

ANNEX I11: LABORATORY PROCEDURES

FAT Technique Fresh/Frozen Brain Speciemns

e Make an impression smear from the brain tissue on a slide

e Impression of smears must air dry prior to fixation(15-20 minutes)

e Fresh, frozen thin sections of brain tissue on slides will be fixed in cold acetone (-20°C)

for 1 hour to overnight

e After the fixation is air dried at room temperature, cover the smears with sufficient

quantity(0.45 ul) of fluorescein isothiocyanate (FITC) conjugate

e Put the slides in a humidified staining chamber and incubate for 30 min at 37°C

e Staining excess conjugate is drained from the slides

e Slides rinsed in 1st tank containing PBS for 5 min
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2" tank containing PBS for 5 min

Rinsing with distilled water

The slides carefully blotted to remove excess liquid and air dry

Apply few drops of mounting buffered glycerin(50% buffered glycerol)

The slides will be examined under cover slips at magnification of 400x using a

fluorescent microscope

FAT in formalin-fixed tissue

The tissues will be held in buffered formalin (10% formalin) for a minimum of 96 hr.

The FAT of formalin-fixed tissues will be performed as previously described (Warner et
al., 1997)

Approximately 2- 3 g of formalin-preserved brain, including portions of hippocampus,
brain stem and cerebellum, will be emulsified in 15 ml of phosphate-buffered saline
(PBS).

The emulsion will be centrifuged at 1 000 rpm for 5 min

The supernatant discarded,

The pellet resuspended in 15 ml of 0.25% trypsin solution (mlv)

Trypsin digestion for 90 minutes at 37 °C,

The suspension will be centrifuged and the pellet washed once in PBS.

Smears made & will be air-dried and fixed in acetone for 45-60 minutes at - 20 °C.

After the fixation is air dried at room temperature,cover the smears with sufficient
quantity(0.45 ul) of fluorescein isothiocyanate (FITC) conjugate

Rinsing with distilled water

The slides carefully blotted to remove excess liquid and air dry

Apply few drops of mounting buffered glycerin(50% buffered glycerol)

The slides will be examined under cover slips at magnification of 400x using a

fluorescent microscope
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Cell culture preparation

Preparation of medium and solution

Remove spent medium

wash the cell monolayer with 1-2 ml of PBS

add trypsin onto the washed cell monolayer, rotate flask to cover the monolayer with
trypsin; discard excess trypsin; incubate (optional)

add growth complete DMEM

pipetting cell suspension up and down repeatedly until cell dissociated

cell count,distribute the cell suspension

resuspend into adequate volume medium; label; incubate.

BHK-21 cell line incubated for 2 days

Trypsinize the 2 old cell culture

Collect concentrated cell suspension

A 10% suspension of each of the brain samples were made in phosphate buffered saline
with 2.5% FBS. The brain suspensions were centrifuged at 1500 rpm for 5 min and the
supernatant used to infect the BHK cells

Fixation and staining

It was done out of bio-safety cabinet.

The suspect clinical specimen or the brain homogenate is inoculated onto the cells(50 pl)
grown in a 96-well plates, incubated for 48 hr

The cell cultures were fixed with cool 80% acetone solution (100ul) 45-60 minutes at - 20
°C.

Tap water was used to rinse the acetone

The staining was done using conjuagated fluorescent anti-rabies antibody for one hour
(45ul)

The read was carried out using fluorescent microscope;

Presence of rabies virus in the cells was revealed by the FAT.
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ANNEX 1V: Interpretation of results based on quantity and intensity of

fluorescence in the smears examined.

++++

+++

++

Result (Grade)

Interpretation

Massive infiltration of large and small brilliant
apple green shinning inclusions/dots/particles
at varying sizes and shapes in almost every area
of the smear (only the + control show this

grade).

Brilliant apple green shinning inclusions
/dots/particles of varying sizes and shapes are
found in almost every microscopic field, the
number of inclusions per field varies, but

inclusions are numerous on most fields.

Brilliant apple green shinning
inclusions/dots/particles of varying sizes and
shapes are present in 10% to 50% of the
microscopic field and most fields contain only

few inclusions.

Brilliant apple green shinning
inclusions/dots/particles of varying sizes and
shapes are present in < 10% of the microscopic
field and only few inclusions are found per
field
Negative when there is no brilliant apple green
shinning inclusions/dots/particles in any

microscopic field.
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