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Abstract The emergence of Nipah virus (NiV) infection

into the pig population and subsequently into the human

population is believed to be due to changes in ecological

conditions. In Malaysia, A major NiV outbreak occurred in

pigs and humans from September 1998 to April 1999 that

resulted in infection of 265 and death of 105 persons.

About 1.1 million pigs had to be destroyed to control the

outbreak. The disease was recorded in the form of a major

outbreak in India in 2001 and then a small incidence in

2007, both the outbreaks in West Bengal only in humans

without any involvement of pigs. There were series of

human Nipah incidences in Bangladesh from 2001 till 2013

almost every year with mortality exceeding 70 %. The

disease transmission from pigs acting as an intermediate

host during Malaysian and Singapore outbreaks has chan-

ged in NIV outbreaks in India and Bangladesh, transmitting

the disease directly from bats to human followed by human

to human. The drinking of raw date palm sap contaminated

with fruit bat urine or saliva containing NiV is the only

known cause of outbreak of the disease in Bangladesh

outbreaks. The virus is now known to exist in various fruit

bats of Pteropus as well as bats of other genera in a wider

belt from Asia to Africa.
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Introduction

The recent pandemic threat posed by the viral pathogens

such as Coronovirus, Influenza virus etc. implies that dis-

ease emergence and spread are not limited by geographical

boundaries. In many cases the animals are found to be the

source of infection for human infection [95]. Only 87 out of

1,399 human pathogen have been first reported in humans

in the years since 1980 [95]. India’s fast-growing human

population and resulting increasing animal-human inter-

actions, combined with changing environmental conditions

and inadequate sanitation and regulation, have made India

one of the world’s top hotspots for livestock diseases,

including zoonotic diseases—those that pass from animals

to humans and which make up 75 % of all human dis-

eases. Controlling zoonoses is particularly important in

developing countries, where the absolute burden of these

diseases is up to 130 times greater than in developed

countries [31]. Emerging zoonoses are the product of

socioeconomic and anthropogenic environmental changes.

Expansion of road networks, development of agricultural

land, and intensification of wildlife trade have caused novel

pathogens to emerge from wildlife, Nipah virus (NiV) is

one of the best examples of the emerging zoonoses [19].

Nipah is a viral zoonotic disease caused by NiV of the

Henipavirus genus of Paramyxoviridae family. Pteropus

bats (fruit eating species, popularly known as flying foxes)

are supposed to be the natural hosts of the virus.

The emergence of NiV into the pig population and

subsequently into the human population is believed to be

due to changes in ecological conditions. Urbanization,

deforestation and drought resulting in a shortage of

resources for bat populations could have compelled bats to

move from their natural habitats to agricultural areas.

Among the factors that contributed to the disease
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emergence in Malaysia is the establishment of pig farms

within the range of natural host that led to the initial

introduction into the pig population; the maintenance of

high densities of pigs led to the rapid dissemination of the

infection within local pig populations; and the transport of

pigs to other geographic areas for commerce led to the

rapid spread of disease in pigs in southern Malaysia and

Singapore. The presence of high density, amplifying host

population facilitated transmission of the virus to human

[48]. The same may be true for the NiV outbreaks in

Bangladesh and India and it is postulated that the outbreak

in humans may be due to direct contact with bats or indi-

rectly by contact with material contaminated by bats. It is

apparent from the presence of the virus and antibodies in

the fruit bats of the region and 13 years of continuous NiV

outbreaks in humans in Bangladesh that it is the potential

threat to the Indian subcontinent. The medical and veteri-

nary professionals should also increase the awareness of

the disease particularly hosts and mode of transmission of

the virus. Therefore this brief account of the virus has been

presented in this paper.

Historical background

The first incidence of the NiV was recorded simultaneously

in humans and pigs in Malaysia in 1998–1999 [66]. Chua

et al. [13, 14] has presented a detailed account of the initial

Nipah outbreak in Malaysia, where several human cases of

viral encephalitis occurred over a 35-week period from

September 1998 to May 1999. On the basis of clinical signs

and association of pigs, the disease was considered to be

already circulating Japanese encephalitis among pig

farmers, creating considerable anxiety and fear throughout

the country. Total 265 cases were reported of which 105

died. The outbreak started in the pig farmers near Ipoh in

the Kinta District of Perak, some 200 km north of Kuala

Lumpur and spread to three other major pig-rearing areas

(the largest in Southeast Asia) in Negeri Sembilan and

Sungei Buloh in Selangor. The disease was named after

Kampung Sungai Nipah (Nipah River Village), where the

first viral isolate was obtained and therefore named as NiV.

Retrospective investigations conducted later had suggested

that NiV was responsible for sporadic disease in pigs in

Peninsular Malaysia since late 1996, but was not recog-

nized because the clinical signs were not markedly differ-

ent from those of several endemic pig diseases, and

because morbidity and mortality were not remarkable [2].

Singapore recorded the subsequent outbreak in 1999 in

slaughterhouse persons due to infected pigs brought from

Malaysia [76]. In India, the disease was recorded in

humans without any involvement of pigs. There were two

outbreaks, major one occurred in 2001 in Siliguri in West

Bengal and an isolated incidence in Nadia also in West

Bengal in 2007. Bangladesh recorded several Nipah out-

breaks in human beings covering several districts almost

every year during 2001–2013 [98].

The disease was eradicated from Malaysia in 1999 and

the last of the two recognized outbreaks from India was in

2007 but the clinical expression of the disease in human

being with very high case fatality has been continued in

Bangladesh. Nevertheless, in addition to these countries,

the virus has been detected in fruit bats or the bats were

seropsitive to NiV antibodies from Cambodia [79], Thai-

land [90], Indonesia [81], India [23, 99], Madagascar in

Southern Africa [41] and Ghana in West Africa [22, 37].

P. giganteus is the only Pteropus species present in Ban-

gladesh [59]. In the Naogaon (Bangladesh) investigation, 2

of 19 P. giganteus specimens had antibody against NiV.

None of 31 other animals from various species had Nipah

antibodies [39].

In the initial Malaysian outbreaks, concurrent respira-

tory ailment, encephalitis with mortality in pigs was

recorded. It was also revealed that majority of the human

cases comprised of occupationally related to the pigs and

having the history of direct contact with live pigs [77]. It

was also revealed that the disease spread to Negeri

Sembilan through the sale and movement of infected pigs.

Preliminary characterization of an isolate from a human

case at the Centers for Disease Control and Prevention

(CDC) in Fort Collins and Atlanta, USA, showed the pri-

mary causative agent in the outbreak to be a previously

undescribed virus of the family Paramyxoviridae. These

investigations showed the new virus, named NiV, was

closely related to (already known since 1994) Hendra virus

[13].

During the Malaysian NiV outbreak, two Indonesian

farm workers who returned home to Indonesia from

Malaysian pig farm were also succumbed to infection [27].

The outbreak also spread to neighboring Singapore during

March 1999 where 11 abattoir workers handling pigs from

infected farms in Malaysia developed the disease with one

fatality. In addition to these 11 cases in Singapore, there

were two apparently asymptomatic case patients among

workers in this abattoir [8, 77, 78].

NiV in Malaysia emerged in 1998 during an outbreak of

infectious respiratory and neurologic disease in commer-

cially farmed pigs, presumably after virus spillover from

Malaysian flying foxes [14]. Pigs were the source of

infection for farm and abattoir workers, resulting in a

widespread outbreak of severe febrile encephalitic disease

among humans [77]. NiV infection has not been detected in

Malaysia or Singapore after 1999, but recurring (almost

annual) human cases of Nipah encephalitis with very high

case fatalities in Bangladesh and sporadic outbreaks in

India since 2001 (Table 1) [43, 44, 46, 47, 98].
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The detailed account of the first NiV outbreak in India

(Siliguri, West Bengal) during 2001 has been published in

two reports [5, 36]. An outbreak of acute encephalitis

occurred in Siliguri (West Bengal) town of India between

January 31 and February 23, 2001. A total of 66 probable

human cases and 45 deaths were reported. Later, the clin-

ical material obtained during the Siliguri outbreak was

retrospectively analyzed for evidence of NiV infection

[97]. Analysis of the limited sequence data suggested that

the NiV strains associated with the outbreak were more

closely related to NiV isolated in Bangladesh than to NiV

isolated in Malaysia [5].

In the Malaysian outbreak, pigs were the intermediate

hosts. NiV was isolated from fruit bats in Malaysia [16]

Fruit bats with antibodies to NiV were captured in the

outbreak areas of Bangladesh but no intermediate animal

host was identified. In Bangladesh, NiV might have been

transmitted to humans by direct contact with bats or indi-

rectly by contact with material contaminated by bats.

Person-to-person spread was also noted during the 2004

NiV outbreak in Faridpur, Bangladesh [45, 96]. The range

of Pteropus giganteus, one of the flying foxes commonly

found in South Asia [72] includes West Bengal. Therefore,

the range of the proposed natural reservoir for NiV extends

into northeastern India. Since the geographical features of

West Bengal are similar to those of Bangladesh, environ-

mental circumstances that favor transmission of NiV to

humans would also likely be same in West Bengal. Many

of the epidemiologic features of the outbreak in Siliguri

were similar to those of the recent NiV outbreaks in

Bangladesh.

Analysis of the limited sequence data suggested that the

NiV strains associated with the outbreak were more closely

related to NiV isolated in Bangladesh than to NiV isolated

in Malaysia. These data extend the previous observation

that viruses circulating in different areas have unique

genetic signatures and suggest that these strains may have

co-evolved within local natural reservoirs [35, 79].

After 2001, the second NiV outbreak was reported in

West Bengal in India in 2007. Between 11 and 28 April

2007, Krishnan [53] reported 30 cases of fever with acute

respiratory distress and/or neurological symptoms from

Nadia district of West Bengal in India. The cases presented

mainly with fever, headache and bodyache with a few

cases having episodes of vomiting, disorientation, respira-

tory distress. Five cases ended fatally within 3–10 days of

onset. However, Arankalle et al. [1] investigated the same

outbreak and stated that similar other cases had not been

reported from the village or the surrounding area, thus

showed case fatality (5/5) as 100 %. They also amplified

full-genome sequence of NiV (18252 nt) from lung tissue

that showed 99.2 % nucleotide and 99.8 % amino acid

identity with the Bangladesh-2004 isolate, suggesting a

common source of the virus.

Table 1 Morbidity and mortality in humans due to NiV, India–Bangladesh [43, 97]

Year/month Location No.

cases

No.

deaths

Case fatality

(%)

Jan–Feb 2001 Siliguri (India) 66 45 68

Apr–May 2001 Meherpur (Bangladesh) 13 9 69

Jan 2003 Naogaon (Bangladesh) 12 8 67

Jan 2004 Rajbari(Bangladesh) 31 23 74

Apr 2004 Faridpur (Bangladesh) 36 27 75

Jan–Mar 2005 Tangail (Bangladesh) 12 11 92

Jan–Feb 2007 Thakurgaon (Bangladesh) 7 3 43

Mar 2007 Kushtia, Pabna, Natore (Bangladesh) 8 5 63

Apr 2007 Naogaon (Bangladesh) 3 1 33

April 2007 Nadia (India) 5 5 101

Feb 2008 Manikgonj (Bangladesh) 4 4 101

Apr 2008 Rajbari and Faridpur (Bangladesh) 7 5 71

Jan 2009 Gaibandha, Rangpur and Nilphamari (Bangladesh) 3 0 0

Jan 2009 Rajbari (Bangladesh) 1 1 101

Feb–Mar 2010 Faridpur, Rajbari,Gopalganj,Madaripur (Bangladesh) 16 14 87.5

Jan–Feb 2011 Lalmohirhat, Dinajpur, Comilla, Nilphamari and Rangpur (Bangladesh) 44 40 91

Feb 2012 Joypurhat, Rajshahi, Natore, Rajbari and Gopalganj (Bangladesh) 12 10 83

Jan–Feb 2013 Gaibandha, Natore, Rajshahi, Naogaon, Rajbari, Pabna,

Jhenaidah, Mymensingh (Bangladesh)

12 10 83

Total 292 221 75.7
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Chong et al. [10] discussed the relationship between

Henipaviruses and fruit bats. Epidemiological studies have

shown that the virus could be transmitted from bat to

human and from human to human. Wildlife studies have

also shown that the virus was widely distributed in at least

10 genera and 23 species of bats in a large part of Asia and

Africa. As bats are long distant flying, gregarious animals

living in large colonies which could exchange novel viru-

ses from one species to another, it is not unexpected that

the seroprevalence of Henipavirus among bat colonies are

relatively high. Chong et al. [10] also commented that due

to widespread distribution of both the Henipavirus and its

hosts, the virus will remain an important cause of zoonotic

disease.

Aetiology

The NiV is classified under the subfamily Paramyxovirinae

in the family Paramyxoviridae that comprises the five

genera Respiro-, Morbilli-, Rubula-, Avula-,and Henipa-

virus, as well as a group of yet unclassified viruses [55].

The genus Henipavirus contains two of the most patho-

genic viruses known in humans, Hendra- and NiV, which

were discovered only in 1994 and 1998, respectively [14,

56, 91] Due to its high pathogenicity, Biosafety level-4

containment is required to work with live NiV in labora-

tories. [58].

The genome consists of six genes (N, P, M, F, G and L)

yielding nucleoprotein, phosphoprotein, matrix, fusion,

glycoprotein and large RNA polymerase [6]. The genome

of Henipa group of viruses is large (around 18250 nucle-

otides) as compared to other members of paramyxoviruses

due to an extended open reading frame of the P gene and to

longer non-coding regions for all the genes except L gene.

NiV does not have the hemagglutinin and neuraminidase

properties as commonly found in many Paramyxoviruses.

The G and F proteins of NiV are required in mediating the

viral entry into the cell as well as for inducing neutralizing

antibodies, [83]. The P gene of Henipaviruses encodes at

least three nonstructural proteins (C, V, and W) in addition

to the P protein [33, 34]; however, P protein is the only

essential gene product for genome replication. The addi-

tional gene products are usually not required for virus

replication in vitro, though they often serve as virulence

factors in vivo [20, 21].

The studies conducted by Tanimura et al. [88] indicated

that NiV is highly pathogenic to chicken embryos and that

the chicken embryo represented a useful model for study-

ing the vascular and neuronal tropisms of NiV. The virus

also grows well in many of the mammalian cells but the

rate of growth and patterns of cytopathic effect (CPE)

produced in all culture varies with the type of mammalian

cells used. With Vero cells, CPE could be visible by 5th–

7th day post-inoculation of clinical samples; in subsequent

passages, a complete CPE is observed by 24 h post-inoc-

ulation. It produces high viral titre (108 infectious particles

per mL) in Vero cells at full CPE. The progression of the

CPE also shows inclusions of viral nucleocapsids within

the cytoplasm, budding of the nucleocapsid at the plasma

membrane and pleomorphic extracellular enveloped virus

particles filled with collection of tangled viral nucleo-

capsids [30, 40]. In electron microscopic studies, negative

stain preparations revealed nucleocapsids with the typical

‘herringbone’ appearance that is characteristic for para-

myxoviruses [11, 30]. Virus particles vary in size from 120

to 500 nm. Thin-section EM studies of infected cells

revealed filamentous nucleocapsids within cytoplasmic

inclusions incorporated into virions budding from the

plasma membrane. Pleomorphic extracellular virus parti-

cles, with an average diameter of 500 nm, and fine surface

projections, were sporadically seen [12, 54].

The host range

Yob et al. [101] and Chua [12] have confirmed that fruit

bats (popularly known as flying foxes) found in Malaysia,

P. vampyrus and P. hypomelanus, are the natural reservoir

hosts of NiV. The virus is assumed to have been introduced

into the swine population from bat species of Pteropus.

Malaysia has diverse bat fauna, with at least13 species of

fruit bats, including two species of flying foxes (Pteropid

bats) and more than 60 species of insectivorous bats [63]. A

serological survey during the 1999 outbreak demonstrated

neutralizing antibodies in 5 species of bats, 4 species of

fruit bats and one species of insectivorous bats. This

included 31 % positive antibody status to Pteropus hypo-

melanus (island flying foxes) and 17 % positive antibody

status to Pteropus vampyrus (Malayan flying foxes) in

Peninsular Malaysia [100]. Serologic and RT-PCR testing

of blood and urine from Pteropid fruit bats in Malaysia and

Cambodia showed NiV infection, which suggested that

these animals were reservoir hosts [76, 100]. The geo-

graphic range of Pteropus includes all of southeast and

south Asia and several other species have been found with

antibodies to NiV. The virus has been found in excretions

of Pteropid bats, Chua et al. [15] isolated NiV from urine of

bats in Malaysia.

Pigs play the part of amplifying host. It has been proved

that the human outbreaks in Malaysia and Singapore with

encephalitis and *40 % case fatality occurred after con-

tact with infected swine. The outbreak in Singapore ended

when the importation of pigs from Malaysia was prohib-

ited, and the outbreak in Malaysia ceased when over 1

million pigs (45 % of all pigs in Malaysia) were culled
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from the outbreak area and immediately surrounding areas

[77]. Serological studies indicated that NiV occurred in

dogs, cats, horses and goats in the outbreak areas of

Malaysia but all were effectively dead-end hosts [84].

Apart from pigs, experimental infection has been produced

in cats [64], golden hamsters [94] and squirrel monkeys

(Saimiri sciureus) [62]. Experimental studies have shown

that infected cats shed NiV through the nasopharynx and in

urine during viremic phase and of 2 cats infected, one

recovered from experimental NiV infection with a high

neutralizing antibody titer within 21 days [64]. In a preg-

nant cat experimentally infected with NiV, the placenta and

uterine fluid contained high levels of recoverable virus. The

high levels of viral shedding combined with viral replica-

tion in fetal tissues suggested that both vertical and hori-

zontal transmission of NiV could play a role in spillover

events, an essential element in the epidemiology of Heni-

pavirus infection [69].

Dogs in the outbreak area have also been shown to

suffer from NiV infection [73]. NiV infection was con-

firmed by immunohistochemical examination of one dead

and one dying dog from the epidemic area in Malaysia.

Both showed histologic evidence of severe disease [38].

Many dogs sampled from the Bukit Pelanduk and Sepang

epidemic area around the time of the pig culling had

antibodies to NiV [28]. However, Mills et al. [65] analysed

the serologic status in the dogs carefully and concluded that

in the absence of infected pigs, dogs were not a secondary

reservoir for NiV.

The transmission route of Nipah virus

The direct contact with pigs or fresh pig products was

responsible for NiV transmission to humans, confirming

preliminary observations by health workers [13]. The

Malaysian experience showed that the disease spread rap-

idly among pigs in the infected farm that was attributed to

direct contact with excretions and secretions such as urine,

saliva, pharyngeal and respiratory secretions of infected

pigs. The findings in the pig’s respiratory system could

explain the severe pulmonary symptoms in these animals

and provide support for the suggestion that aerosol spread

of NiV from pig to human represents an important mode of

transmission [66]. Widespread surveillance of pig popula-

tions to detect infected pigs, and culling of sick pigs

stopped the epidemic [67]. Urine exposure may also be

associated with transmission as NiV antigen has been

demonstrated in the renal tubules of pigs and a concurrent

outbreak of NiV among abbatoir workers in Singapore also

showed the associatedness of infected pig urine and

exposure to the workers [67, 68].The possible mechanical

transmission by repetitive use of same needles or

equipment without further sterilization after each use for

health intervention and artificial insemination and sharing

of boar semen within a farm were also implicated. The

possible role of transmission by infected dogs and cats

found in the affected farm could not be excluded [12].

Several outbreaks of NiV have been reported in human

beings in Bangladesh from 2001 to 2013 [43, 97] and two

outbreaks in India [1, 5], but none had showed any

involvement of pigs. Investigation of different Nipah out-

breaks in Bangladesh have identified different routes of

transmission including climbing trees (probably contami-

nated with infected date palm sap), contact with sick per-

sons, and contact with sick animals [39, 44–46, 68].

Another way of NiV getting transmitted from P. giganteus

to humans recorded in Bangladesh is food-borne. Fruit bats

(P. giganteus) are a nuisance to date palm sap collectors

because the bats drink the sap at night from the clay pots

used to collect the sap. The investigations by Luby et al.

[59] suggested that NiV was transmitted from P. giganteus

to persons through drinking fresh date palm sap. Date palm

sap is a national delicacy that is enjoyed by millions of

Bangladeshis each winter. However, the sap is occasionally

contaminated with NiV-infected bat urine or saliva that

contains a sufficient dose of NiV to be fatal to humans. In

India, in a bat sample survey, NiV RNA was detected in a

liver homogenate of P. giganteus captured in Myanaguri,

West Bengal [100] (Figs. 1, 2, 3)

In Siliguri, India, transmission of the virus was also

reported within a health-care setting, where 75 % of cases

occurred among hospital staff or visitors [5]. Nipah cases

tend to occur in a cluster or as an outbreak, although 18 %

of cases in Bangladesh were isolated. Strong evidence

indicative of human-to-human transmission of NiV was

Fig. 1 The date palm trees are scratched to collect sap through a

bamboo channel
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found in Siliguri (India) in 2001 and in Bangladesh in 2004

[97]. Approximately one-half of recognized Nipah case

patients in Bangladesh developed their disease following

person-to-person transmission of the virus [60]. Sazzad

et al. [80] further confirmed human-to-human transmission

during Bangladesh outbreak in 2010 while studying 16

case-patients.

The clinical signs in animals

Pigs: NiV infection in pigs is known as porcine respiratory

and neurologic syndrome, porcine respiratory and enceph-

alitic syndrome, and barking pig syndrome [75]. The only

experience of the disease in pigs is available from Malaysia

during 1998–1999; the disease was generally associated

with low (\5 %) mortality but high (*80 %) morbidity.

An account of NiV in pigs has been given by Nor [71].

The incubation period was estimated to be 7–14 days. NiV

caused illness with both CNS and respiratory manifesta-

tions though the clinical patterns of the disease varied

according to the age of the pigs. Most pigs developed a

febrile respiratory disease with a severe cough that led to

the local names for the disease, ‘‘barking pig syndrome’’

and ‘‘one-mile cough.’’ It was associated with neurological

disease in sows and boars, while weanling and feeder pigs

more commonly manifest respiratory signs.

Pigs less than 6 months old usually presented with an

acute febrile illness with respiratory signs ranging from

rapid and labored respiration to a harsh, non-productive

cough and open mouth breathing with severe cough and

haemoptysis occurred in severe cases. Neurological signs

such as trembling, muscular twitching, spasm and myoc-

lonus, hind-leg weakness with varying degrees of spastic or

flaccid paresis and incoordinate gait accompanied respira-

tory signs in some affected pigs. In boars and sows, acute

febrile illness with labored respiration, increased salivation

and nasal discharge accompanied neurological signs such

as agitation, head pressing or knocking, clamping of

mouth, nystagmus, tetanus-like spasm and seizures. Early

abortions might have occurred in pregnant sows [12].

Pulmonary inflammation, glomerular and tubular necrosis

with syncytia formation in kidneys was reported in infected

dogs. Cats are also susceptible to infection with vascu-

lopathy, endothelial syncytia in many organs. There is

severe pulmonary inflammation with prominent involve-

ment of bronchial epithelium. Several other animals have

been experimentally infected include the Guinea pig,

hamster, ferret, non human primates (Squirrel monkey and

African green monkey) and chick embryo with extensive

vasculopathy and parenchymal lesions in CNS and other

organs viz., lungs, kidneys, liver, urinary bladder, female

genital tract, muscles, lymphoid organs. Surprisingly,

Mouse and rat do not apparently develop clinical disease

for reasons yet to be known [92].

In post-mortem finding of affected pigs, lungs showed

varying degrees of consolidation and petechiae to ecchy-

motic hemorrhages. The bronchi and trachea were filled

with frothy and in some cases blood stained fluids. The cut

surface showed exudate of varying consistency in the

bronchi. The brain and kidneys showed generalized con-

gestion and oedema [71]. Histologically, the major lesion

was moderate to severe interstitial pneumonia with wide-

spread hemorrhages and syncytial-cell formations in the

endothelial cells of blood vessels of the lung [14, 71].

Generalized vasculitis with fibrinoid necrosis, hemor-

rhages, and infiltration of mononuclear cells sometimes

associated with thrombosis, were observed notably in the

Fig. 2 An earthen pot is tied for collection of the sap

Fig. 3 A bat (P. giganteus) colony in Malda town in West Bengal
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lung, kidney and brain tissue. Immunohistology showed a

high concentration of the viral antigens in the endothelium

of the blood vessels, particularly in the lung. A lesser

number of pigs showed prominent meningeal inflammatory

infiltrates. This picture suggested that respiratory secretions

from infected pigs were likely to be a rich source of

infectious virus.

Dogs: Necropsy of dogs presenting clinical signs

revealed severe hemorrhage and congestion of the kidneys

and exudates present in the trachea and bronchi [70].

Disease in humans

NiV caused severe, rapidly progressive encephalitis that

carried a high mortality rate [29]. Based on the time interval

between last exposure to pigs and subsequent onset of illness,

the incubation period ranged from 4 days to 2 months with

more than 90 % of patients giving a history of 2 weeks or

less. In NiV, the rate of subclinical infection ranged from 8 to

15 % [77, 85]. The majority of patients showed symptoms

related to the central nervous system, but respiratory system

involvement was also seen in many patients in Singapore.

About 40 % patients presented were accompanied with

respiratory disease [14, 93]. The clinical signs were fever,

headache, dizziness and vomiting. More than 50 % of the

patients had a reduced level of consciousness and prominent

brain-stem dysfunction. Older patients, especially those

having diabetes mellitus and those with severe brain-stem

involvement carried a poorer prognosis [29]. The symptoms

observed in patients during Siliguri outbreak were fever,

headache and myalgia, vomiting, altered sensorium, respi-

ratory symptoms (tachypnea to acute respiratory distress)

and involuntary movements or convulsions. Patients were

normotensive at admission but became hypertensive before

death [5]. The case fatality in clinical cases was around 40 %

in the Malaysian outbreaks but in Bangladesh and India, it

was on as average 75 % (Table 1).

Diagnostic tests and facilities

Infections by NiV in humans and animals are confirmed by

virus isolation, nucleic acid amplification tests and sero-

logic tests [18]. For isolation and propagation of NiV,

biosafety level-4 (BSL-4) facilities are needed commen-

surate with its classification. However, Primary virus iso-

lation from suspected samples may be conducted under

BSL3 conditions under stringent guidelines to ensure

operator safety. The culture fluid has to be immediately

transferred to a BSL-4 lab, if the virus is confirmed by

immunofluorescent detection in acetone fixed infected cell

[74].

Although the disease is noticed only in Bangladesh,

almost all developed countries have continued the

advanced research and preparedness plans. The OIE Ref-

erence Laboratory for Henipaviruses in Asia–Pacific region

is located at Australian Animal Health Laboratory, Gee-

long. Bangladesh NiV outbreaks are handled by ICDDRB

and IEDCR in collaboration with CDC, USA. In India,

recently established full-fledged BSL4 lab at National

Institute of Virology (ICMR), Pune has got all the pre-

paredness for diagnosis of NiV that takes care of any

eventuality in the country. High Security Animal Disease

Laboratory, Bhopal with BSL3 ? facility caters the need

for exotic animal disease diagnosis.

Viral antigen capture ELISAs would also provide a high

throughput format at relatively low cost for screening of

the samples. Chiang et al. [9] have reported the develop-

ment of monoclonal antibody based antigen capture ELI-

SAs for virus detection and for differentiation between NiV

and HeV. Polyclonal antibody derived from the immuni-

zation of rabbits with NiV-G protein DNA vaccine con-

struct was used for development for a novel antigen-

capture sandwich ELISA system. It is suggested that con-

sidering the recent emergence of genetic variants of He-

nipaviruses and the resultant problems that arise for PCR-

based detection, this system could serve as an alternative

rapid diagnostic and detection assay [50].

Infections by NiV in humans and animals can also be

confirmed by serological tests. The most commonly used

serologic assays are ELISAs. They use infected cell lysate

antigens for coating the plates and are available with

AAHL, Geelong and CDC, Atlanta. However, its use is

limited to BSL4 laboratories. To overcome this problem,

recombinant proteins have been developed and used as an

alternative antigen for serological detections of Henipavi-

ruses [7, 24, 102]. A recombinant N protein ELISA was

developed and used for screening the pig serum samples at

HSADL. A novel serum neutralization test using pseudo-

typed particles has also been reported [51]. The NiV

infection can be detected by molecular diagnostic tests like

RT-PCR [14], Real time RT-PCR (Taqman) [32] and

Duplex nested RT-PCR [89] which can be confirmed by

sequencing of amplified products. The diagnostic tech-

niques or reagents developed in various laboratories are

presented in Table 2.

Concluding comments and lessons to be learned

from Nipah experience

The disease pattern during Malaysian and Indo-Bangladesh

Nipah outbreaks presented different pictures. The virus is

now known to exist in various fruit bats of even other than

Pteropus genus from Asia to Africa. Continuous outbreaks
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in Bangladesh have underlined the risk to human popula-

tion due to food-borne infection contaminated by fruit bats

carrying the virus but it should also be noted that more

number of human patients could also be infected by

human-to-human transmission. This also poses more risk to

the medical professionals as evidenced from Siliguri out-

break in India. In view of fruit bats in Bangladesh con-

taminating food sources and proved human-to-human

transmission method, India cannot sit back idle even

though there are not many outbreaks occurring. Moreover

bat population from Northeast to North-west states like

Haryana has NiV antibodies means there might be active

NiV infection among Indian bats too. Preparedness, sur-

veillance and constant vigil would have to be mounted

continuously in the country.

Ling [57] published the editorial after Nipah outbreak in

Singapore, in which he has stated that for the prevention of

NiV and other zoonoses, there is a need to inspect all the

imported livestock at the point of origin and when they

arrive. All the facilities for their slaughter are maintained at

the highest level of hygiene possible. It is also essential to

take proper precautions for workers For those who come

down with these zoonoses, we must ensure that facilities for

the care of patients with high level (dangerous) organisms

are available, that all health care and veterinary care per-

sonnel have adequate protection, and that laboratories are

equipped with P3 or P4 facilities to handle these dangerous

organisms. A breakdown or neglect in the use of safety

precautions because one is not aware that one could be

exposed to dangerous organisms can lead to an outbreak of

tragic consequences. After Bangladesh and Indian Nipah

experience, Mackenzie [61] in his presentation from the

Global Outbreak Alert and Response Network (GOARN)

platform, underlined the importance of communication

between medical and veterinary health, and of the ‘One

Health’ approach. He also warned about the need of

Table 2 Brief summary of lab diagnostic tests developed in various laboratories

Technique/product developed Place Reference

1. Rapid immune plaque assay for the detection of Nipah viruse

and anti-virus antibodies

CSIRO, Australia [17]

2. Solid-phase blocking ELISA for detection of antibodies to Nipah virus. DVS, Malaysia [52]

3. Real-time RT-PCR (TaqMan) Institut Pasteur, France [32]

4. MAb against formalin-inactivated NiV National Institute of Animal Health Japan. [42]

5. Recombinant nucleocapsid protein produced in Escherichia coli University Putra Malaysia [86]

6. MAb-based immunohistochemical diagnosis NiV National Institute of Animal Health, Japan [87]

7. Recombinant glycoprotein produced in insect cells University Putra Malaysia, [24]

8. Recombinant nucleocapsid protein produced in insect cells University Putra Malaysia, [26]

9. Recombinant glycoprotein produced in E. coli University Putra Malaysia [25]

10. Monoclonal antibodies against NiV (4 MAbs against ‘‘N’’ protein

and 1 against ‘‘M’’ protein

NCFAD, Canada [3]

11. Indirect ELISA for the detection of Henipavirus antibodies based

on a recombinant nucleocapsid protein expressed in E. coli

Chinese National Diagnostic

Center for Exotic Animal Diseases,

[7]

12. Indirect IgG ELISA for human and swine sera and an IgM capture-ELISA

for human sera using the recombinant NiV-N protein as an antigen

Institute of Tropical Medicine, Japan [102]

13. Neutralization assays for differential Henipavirus serology using

Bio-Plex Protein Array Systems

CSIRO, Australia [4]

14. Duplex nested RT-PCR for detection of Nipah virus RNA from urine

specimens of bats

Chulalongkorn University Hospital,

Thailand

[89]

15. Monoclonal antibodies against the nucleocapsid proteins Institute of Veterinary Sciences, China [99]

16. Neutralization test for specific detection of NiV antibodies using pseudotyped

VSV

National Inst. Inf. Diseases, Japan [49]

17. Recombinant matrix protein produced in E. coli University Putra Malaysia Malaysia [82]

18. Neutralization assay using VSV pseudotype particles expressing

the F and G proteins of NiV (pVSV-NiV-F/G) as target antigens

CDC, Atlanta [84]

19. MAb based antigen capture ELISAs for virus detection and differentiation

between NiV and HeV

CDC, Atlanta [9]

20. Antigen capture ELISA using polyclonal antibodies obtained

by DNA immunization

National Institute Inf. Diseases, Japan [50]

21. Second generation of pseudotype-based serum neutralization assay for NiV

antibodies

National Institute Inf Diseases, Japan [51]
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improved communication between human and animal health

in many countries. The key to controlling the outbreak and

reducing mortalities is early detection of the outbreak and

installing preventive measures as soon as possible. There is a

need to have active inter-institutional and international

coordination among human-animal virologists as well as

virologists and ecologists to fully understand how and when

the bats excrete the virus. Simultaneously there is also a

need for educating the common people about personal and

food hygiene. There is a need to have active inter-institu-

tional and international coordination among human-animal

virologists as well as virologists and ecologists to fully

understand how and when the bats excrete the virus.

Simultaneously there is a need for educating the common

people about personal and food hygiene.
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