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Summary

Nipah virus, an enveloped ribonucleic acid virus, has been a major cause of encephalitis out-
breaks with high mortality, primarily in the Indo-Bangladesh regions. Except for the first
outbreak in Malaysia-Singapore, which was related to contact with pigs and the outbreak
in Philippines associated with horse slaughter, most other outbreaks have affected the Indo-
Bangladesh regions. The Indo-Bangladesh outbreaks were associated with consumption of
raw date palm sap contaminated by fruit bats and had a very high secondary attack rate.
The patient usually presents with fever, encephalitis and/or respiratory involvement with
or without thrombocytopenia, leukopenia and transaminitis. Diagnosis can be confirmed
by isolation and nucleic acid amplification in the acute phase or antibody detection during
the convalescent phase. Treatment is mostly limited to supportive care and syndromic
management of acute encephalitis syndrome. Ribavirin, m102.4 monoclonal antibody
and favipiravir are the only anti-virals with some activity against Nipah virus. Standard
precautions, hand hygiene and personal protective equipments are the cornerstone of
comprehensive infection prevention and control strategy. With the recent outbreaks
affecting newer geographical areas, there is a need for physicians to be aware of this disease
and keep abreast of its current detection and management strategies.
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1. Introduction

The name 'Nipah' comes from a Malaysian village,
where the first outbreak was reported in 1998-1999
(1,2). The outbreak of Nipah virus (NiV) disease in
Malaysia involved more than 250 cases of febrile
encephalitis in farm and abattoir workers. This outbreak
caused widespread panic and considerable socio-
economic disruption. Although, no further outbreaks
were reported from Malaysia the virus has been
responsible for outbreaks in other parts of the world,
mainly in Bangladesh and India (2). Recent outbreak
of Nipah virus in Kerala in May 2018 brought this
emerging-re-emerging virus into the spotlight again.
The high mortality rate, broad species tropism,
multiple plausible modes of transmission, risk of
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person-person transmission and documented cases of
health care workers being affected during outbreaks
has left the medical community perplexed. While
a lot remains to be deciphered about the virus and
many efforts to unravel its mysteries are ongoing, this
article has tried to review and synthesize the available
information about this virus and its clinical aspects. The
clinical information presented in this article can be used
as a guiding tool for physicians in an outbreak setting.

2. The virus

Nipah virus is an enveloped paramyxovirus with
negative-stranded polarity and a non-segmented RNA
genome consisting of helical nucleocapsids. NiV has
subtle differences in its makeup when compared to
a typical paramyxovirus. It has reticular cytoplasmic
inclusions close to the endoplasmic reticulum unlike
other paramyxoviruses. Also, NiV is on average
larger than typical paramyxoviruses. There are only
minor ultrastructural differences between Hendra
virus (HeV) and NiV and they have significant cross
reactivity on serological tests, and are therefore
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Figure 1. Timeline of Nipah Virus outbreaks across the
world with total number of cases reported in each outbreak.

grouped as Henipavirus (3). Within NiV, two different
strains have been identified, the Malaysian (MY)
and the Bangladesh (BD) strains. The two strains are
approximately 92% identical on sequencing but appear
to be significantly different in their pathogenicity and
transmissibility (4-7).

3. Epidemiology

The first outbreak of Nipah virus in Malaysia-
Singapore (1998-1999) was initially thought to
be Japanese encephalitis (JE), however on further
investigation, it was later identified as Nipah virus
(Figure 1) (3,8,9). The second outbreak of this disease
was in a geographically non-contiguous location,
in the Meherpur district of Bangladesh and Siliguri
city of West Bengal, India in 2001 (Figures 1 and 2).
The Indo-Bangladesh outbreaks were significantly
different from the previous outbreak in Malaysia in
terms of modes of transmission, clinical features and
case fatality rates. Human to human transmission and
nosocomial infections (via droplets and/or fomites)
were a prominent feature in this outbreak. Also, the
secondary attack rates were higher and the disease
was more severe and rapidly progressive compared to
the Malaysian outbreak. Apart from the neurological
manifestations, acute respiratory distress syndrome
(ARDS) and respiratory failure with multi organ
dysfunction syndrome (MODS) were probably the
major reason for higher mortality. Since then, there
has been an outbreak in Bangladesh almost every year
and a total of 17 outbreaks have been reported until
2015. There was another small outbreak in 2007 in the
Nadia district of West Bengal, India (Figures 1 and 2).
In the outbreak in the Philippines in March-May, 2014,
both horses and humans were affected with fruit bats
being the possible source of infection. Interestingly,
this outbreak was significantly associated with horse
slaughter and horse meat consumption (Figures 1 and 2)
(10). The Indian outbreak of 2018 affected primarily the
Kozhikode district and nearby area of Kerala (Figures 1
and 2) (11).

The Malaysian outbreak was primarily due to
close contact with affected pigs. No human to human

Siliguri

Place of
outbreak | cases

. Siliguri 66
Kozhiked Nadia 5
Kerala 19

)

Figure 2. Nipah virus outbreaks in India.

transmission was reported (8,72,13). The Indo-
Bangladesh outbreaks, including the recent Kerala
outbreak, was remarkable in various aspects, mode
of transmission being one of them. A significant
association of NiV disease and consumption of raw
date palm sap contaminated by fruit bats was found by
Luby et al. (14) Another study by Rahman et al. also
concluded with similar results (/5). In date palm sap the
virus remains stable for at least 7 days at 22°C and is
extremely tolerant to a wide range of pH (from 3 to 11)
(16). Human to human and nosocomial transmission
was also documented in the Indo-Bangladesh outbreaks.
In the Siliguri outbreak of 2001, a single patient
admitted to a private hospital infected 23 hospital
staff and 8 visitors (/7). Poor adherence to standard
precautions was probably the major reason for this.
Also, the difference in strains (BD vs. MY) contributed
to the difference in the transmission rates. A study by
Clayton et al. showed that ferrets infected with the
BD strain had higher RNA levels in the blood as well
as increased shedding of the virus in oral secretions,
possibly explaining the higher secondary attack rates as
well as more severe infection in the Indo-Bangladesh
outbreak. It is noteworthy that viral shedding was seen
even in the incubation period (/8). The major research
findings in different studies are tabulated in Table 1.

4. Clinical features

Clinical Features of Nipah typically includes fever with
encephalitis and or respiratory involvement (Figure
3) (17,19-23). Asymptomatic infection was reported
in 8% of patients with laboratory-confirmed cases in
Malaysia. No such data of asymptomatic NiV infection
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Table 1. Summary of major research findings

Author and year of
publication (ref.)

Major finding related to
epidemiology and transmission

Major finding related to clinical
features and Diagnosis

Major finding related to
therapeutic options

CDC, 1999 (8,9)

Reynes et al, 2005 (4);
Wacharapluesadee et al. 2005 (5)

Mounts et al, 2001 (13)

Goh et al, 2000 (19)

Chadha et al, 2006 (17);
Arunkumar et al, 2018 (53)

Luby et al, 2006 (14);
Rahaman et al, 2012 (15)

First outbreak report of Nipah.
Transmission to pig abattoir workers.

Presence of NiV in bats.

No human to human and nosocomial
transmission for the Malaysian strain
of NiV causing Malaysia-Singapore
outbreaks.

Strong evidence of human to human
transmission for the Bangladesh
strain of NiV causing Bangladeshi
and Indian outbreaks.

Date palm sap consumption
contaminated by bat excreta and
saliva is a significant risk factor for

transmission.

Chong et al, 2001 (33) -

Wright et al, 2005 (29); .
Aljofan et al, 2009 (30)

Bossart et al, 2009 (38); -
Bossart et al, 2011 (39)

Dawes et al, 2018 (40) -

Serology is cross reactive to --
Hendra.

Predominantly neurological --
symptoms and no significant

respiratory symptoms in

Malaysian strain of NiV.

Significant respiratory -
involvement leading to ARDS in
Bangladesh strain of NiV.

Serology is cross reactive to Ribavirin can substantially reduce
Hendra. mortality (36%) without any
significant adverse reactions.

- In vitro activity of ribavirin on halting
the replication of NiV in cell cultures.

-- Role of monoclonal antibody m102.4
in preventing transmission and halting
disease progression among animal
model of ferrets and African green
monkey.

Respiratory involvement and Promising role of favipiravir in
higher mortality in Bangladesh protecting NiV infected animals
strain, compared to Malaysia (hamster model).

strain.

is available from Bangladesh and Indian outbreaks.
However, cases with mild and nonspecific features
were identified. Fever, headache, dizziness, myalgia,
vomiting and loose stools have been documented as
non-specific prodromal symptoms in various outbreaks
of Nipah. The Malaysian outbreak documented that 55
percent of patients had a reduced level of consciousness
and prominent brain-stem dysfunction (/0). Distinctive
clinical signs included segmental myoclonus (32%),
areflexia, hypotonia, hypertension, and tachycardia and
thus suggests the involvement of the brain stem and
upper cervical spinal cord. Brain stem dysfunction and
neurological clinical signs include abnormal doll's eye
reflex, reflexes, vasomotor changes, and myoclonic
jerks. Cerebellar dysfunction was seen in eight patients
in the Malaysian outbreak. In Siliguri outbreak (2001)
in India, fever followed by altered sensorium (97%)
developing over the next 3 to 4 days was the presenting
complaint. 34 percent of the cases had convulsions (20).
Similarly, in Bangladesh outbreaks, fever with altered

sensorium was the most common presentation. A case
series of four outbreaks from Bangladesh shows altered
mental status (90%), headache (73%), severe weakness
(67%) and seizures (23%) as common neurological
manifestation (/7). Nipah encephalitis may present
with relapse or residual deficits in survivors. Relapse of
encephalitis has been demonstrated with a time range
of months to years after recovery from acute infection.
Psychiatric and neurological complications (depression,
personality changes, deficits in attention, verbal, and/
or visual memory) after recovery are also well known.
Goh et al. reports from their Malaysian outbreak
experience that 15 percent of their patients (14 patients)
had residual deficits out of which five remained in a
vegetative state (/9). Respiratory involvement is well
documented in severe cases. ARDS (50% to 66%
cases) was documented in Malaysian outbreak. Siliguri
outbreak witnessed 54 percent cases had associated
respiratory symptoms particularly in the later stage of
illness.
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5. Diagnosis

Common hematologic abnormalities in NiV infection
include thrombocytopenia (30%) and leukopenia (11%)
(Table 2). Elevated liver enzymes have been seen in
40% of patients, and hyponatraemia is sometimes found.
Hemoglobin, renal indices and electrolytes other than
sodium are usually normal. Lymphocytic pleocytosis
with raised proteins similar to any other viral meningitis
may be seen in cerebrospinal fluid.

NiV is a biosafety level (BSL) 4 agent, however,
BSL 2 laboratory facilities are sufficient for routine
diagnosis if the virus is inactivated during specimen
collection and isolation is not attempted. Laboratory
diagnosis of a patient with a clinical history of NiV can
be made during the acute and convalescent phases of the
disease by using a combination of tests. Samples should
be transported at 4°C and processed as early as possible.
During the early stage of illness — virus isolation and
reverse transcriptase polymerase chain reaction assay (RT
PCR) from throat and nasal swabs, cerebrospinal fluid
(CSF), urine, and blood is recommended (24). During the

Headache
( = ) Altered sensorium
\ I Seizures
Segmental
=" Myoclonus

P }AR D5

Vomiting
Diarrhoea

Myalgia
Abnormal
reflexes

Figure 3. Clinical features of Nipah Virus disease.

convalescent phase, antibody detection by enzyme linked
immunosorbent assay (ELISA-IgG and IgM) from serum
or CSF may be used.

Advanced diffusion weighted (DW) magnetic
resonance imaging (MRI) of the brain can give useful
radiological evidence of Nipah encephalitis. Lim
et al. suggested that MRI pattern may be useful in
differentiating Nipah from its closely differential related
Japanese encephalitis/other encephalitis in most cases
(25). It can also help to diagnose exposed individuals,
particularly at the height of an epidemic even before
serologic confirmation is available (/9). This finding
derived from Malaysian experience during Nipah
outbreak needs validation from other occurrences. More
experience is required for its validation but this can be a
potentially crucial finding to diagnose Nipah encephalitis
and decide treatment and post exposure prophylaxis.
MRI in acute Nipah encephalitis shows multifocal
discrete lesions probably due to areas of micro-infarction.
These discrete high-signal-intensity lesions usually
measure about 2-7 mm and are disseminated throughout
the brain, mainly in the subcortical and deep white matter
of the cerebral hemispheres. Mass effect or edema is not
usually seen. In relapse or late onset Nipah encephalitis,
MRI characteristically shows multiple areas of patchy
and confluent cortical involvement (26,27).

6. Differential diagnosis

Nipah is an important differential diagnosis in patients
with fever and encephalitis and/or ARDS in context
of relevant epidemiology with an ongoing outbreak
in the area or relevant travel history to affected areas.
But any fever or encephalitis may mimic disease and
differentials need to be seen in correct perspective. The
following differentials should be considered in patients
with suspected Nipah infection: a) Japanese encephalitis
(JE), b) Measles, c) Rabies, d) Dengue encephalitis, ¢)
Cerebral malaria, f) Scrub typhus, g) Leptospirosis, h)
Herpes encephalitis and 1) Bacterial meningitis (Table 3).

7. Treatment and post exposure prophylaxis

Treatment of NiV disease is mostly limited to supportive

Table 2. Laboratory and Radiological diagnosis of Nipah Virus disease

Routine haematological tests Thrombocytopenia

Leucopenia

Hyponatremia

Cerebrospinal fluid analysis

Raised proteins

Imaging

NiV specific tests

Virus isolation

Raised liver enzymes

Lymphocytic pleocytosis

Normal glucose levels

2-7mm multifocal discrete lesions in the subcortical and deep white matter

ELISA for detection of antibodies
Polymerase Chain Reaction
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Table 3. Differential diagnosis of Nipah Virus disease

Differential diagnoses

Differentiating features

Diagnosis by rapid antigen detection kits/peripheral smear/quantitative buffy coat examination/nucleic acid amplification

1) Cerebral Malaria * High grade fever associated with chills and rigors
 hrombocytopenia, hepato-renal dysfunction, hypoglycemia
2) Scrub typhus * Presence of eschar

3) Leptospirosis Hepatitis more common

4) Dengue encephalitis Serositis and thrombocytopenia

Seasonal predilection

5) Herpes meningoencephalitis ¢ Fronto-temporal lobe involvement

6) Bacterial meningitis

7) Japanese encephalitis Pigs (amplifying hosts) are healthy

Low secondary attack rates

8) Measles * More in children

» Cough, coryza, conjunctivitis

» Maculopapular rash on face and head
9) Rabies * Diagnosis is clinical and by serology

History of dog bite/bat exposure
Hydrophobia/aerophobia

Post-monsoon (seasonal predilection)
Diagnosis by blood culture/nucleic acid amplification/serology

Generalised eryhtematous blanching rash

Diagnosis by nucleic acid amplification

Children are affected more than adults
Basal ganglia involvement on imaging

Leucocytosis, thrombocytopenia, hepato-renal dysfunction

Post-monsoon (seasonal predilection)

Immunofluorescence assay for diagnosis

Diagnosis by NS1 antigen/nucleic acid amplification in first 5 days and IgM ELISA after 5 days

CSF pleocytosis with neutrophilic predominance and raised proteins with low sugar
Diagnosis by blood and CSF culture and latex agglutination or nucleic acid amplification in CSF

Diagnosis by immunofluorescence staining for viral antigen on the biopsy from the nape of the neck

care and syndromic management of acute encephalitis
syndrome (28). Under the current circumstances,
specific pharmacological options should not be treated
as alternatives to infection control measures. More
evidence needs to be generated for considering post-
exposure prophylaxis in individuals who were in close
contact with confirmed Nipah cases. However, three
pharmacological options have been explored for the
possible treatment and post-exposure prophylaxis of NiV
infection: Ribavirin, m102.4 monoclonal antibody and
Favipiravir.

7.1. Ribavirin

In vitro studies and animal studies have shown
conflicting results in the efficacy of ribavirin against
NiV and Hendra, with some studies showing effective
inhibition of viral replication in cell lines (29,30),
whereas some studies in animal models showed that
ribavirin treatment only delayed but did not prevent
death after Nipah or Hendra virus infection (37,32).
Only one in-vivo human study by Chong ef al. has
evaluated the role of ribavirin during the Malaysia
outbreak of NiV, between 1998 and 1999 (33). In
this study, patients who were managed prior to the
availability of ribavirin during the outbreak or who

refused ribavirin were taken as controls, and all
patients who were still in the acute phase of the illness
were offered ribavirin, either oral or intravenous,
based on availability. A total of 140 patients treated
with ribavirin were retrospectively compared with 52
control NiV patients who did not receive ribavirin due
to unavailability and 2 patients who didn't consent
There was no significant difference in the incidence of
adverse reactions in the treatment group as compared
to controls. The study showed 45 deaths in the treated
group (32%) and 29 in the controls (54%), with a total
of 36% reduction in mortality. However, as treatment
allocation was not randomized, it is possible that treated
patients had better clinical outcomes because they
received better general medical care than the untreated
patients.

The dosage of ribavirin in Nipah virus has not been
defined but treatment can be initiated in the lines of that
suggested by WHO for Lassa fever with a loading dose
of 30 mg/kg for children and 2,000 mg/kg for adults,
followed by 10 days of therapy (4 g in divided doses
for first four days and 2 g in divided doses for next six
days). Oral bioavailability of ribavirin is reported to be
between 32.6% and 52%, with evidence of first-pass
metabolism. Ribavirin is not bound to plasma proteins
(34). Ribavirin was found to cross the blood-brain barrier
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following oral administration with a mean CSF/plasma
ratio of 0.7 (35). The serious adverse drug reactions with
ribavirin are: Neutropenia (8% to 40%), anemia (11% to
35%; children & adolescents: 11%), lymphocytopenia
(12% to 14%) and suicidal ideations (36). Most of the
side-effects with ribavirin have been noticed with long
term administration. Ribavirin has been found to be
teratogenic in animal studies on rodents and rabbits, but
no human teratogenic studies are available. Due to the
long terminal half-life of elimination of the drug, the
minimum interval following treatment with ribavirin
before pregnancy can be safely initiated is estimated to
be 7 months (36).

The Infectious Diseases Society of America has
recommended in 2008 the use of ribavirin in cases of
NiV infections (37). Owing to the positive in-vivo and
in-vitro results and a considerable safety profile for
short term courses, a strong case can be made favoring
short course high dose ribavirin for therapy. However, a
controlled trial is lacking to resolve the status, for which
a pre-approval should be taken from the appropriate
authority, so that the trial may be immediately started
with the onset of a future outbreak.

7.2. Monoclonal Antibody m102.4

The experimental monoclonal antibody, m102.4, which
targets the ephrin-B2 and ephrin-B3 receptor binding
domain of the Henipavirus G envelope glycoprotein is
a potent cross-reactive neutralizing antibody in vitro.
It was effective in protecting ferrets from lethal NiV
challenge (38). In May 2010, in Queensland, Australia,
m102.4 was offered as a trial on compassionate grounds
to a mother and daughter who were exposed to Hendra
virus from their infected horse. Both of them did not
develop Hendra virus infection, although it is still not
known whether treatment was effective or whether
the patients did not get infected. In an animal study
comprised of 14 African green monkey (AGM) subjects,
m102.4 prevented infection and death after injection of a
lethal dose of NiV in 12 AGM subjects. Both the control
AGM subjects contracted severe infection and developed
encephalitis as well as ARDS (39).

7.3. Favipiravir

The viral RNA-dependent RNA polymerase inhibitor
favipiravir was developed by Toyama Chemical
Company as an antiviral for use against influenza.
In a Syrian hamster model for Nipah virus infection,
favipiravir was successfully used in lethally challenged
hamsters (40).

8. Prognosis

Case fatality rates ranges from 40% to 100%. Poor
prognostic factors from the Malaysian outbreak included

old age, more severe brain-stem involvement presenting
as a reduced level of consciousness, vomiting, abnormal
doll's-eye reflex, abnormal pupils, hypertension, and
tachycardia during the course of the illness (/9).

9. Disease prevention

The morbidity and mortality of healthcare workers
involved in care of patients with NiV is a major concern
(13,17,41-44). Although, there is still a lot of confusion
about transmission and spread of this paramyxovirus,
there is a need to lay guidelines for protection of the
healthcare workforce based on present evidence and
resources available. A leaf can be drawn from the
successful containment of Ebola and severe acute
respiratory syndrome (SARS) outbreaks, which affected
health care workers (HCWs) (45). Standard precautions,
hand hygiene and personal protective equipment (PPE)
remain as pillars of comprehensive infection prevention
and control strategy (46,47).

All hospitals should adhere to standard infection
control precautions for all patient-care activities and
aerosol-generating procedures. In case of NiV infection
in health-care settings, additional measures, such as
droplet, contact and airborne precautions should be
applied. Droplet precautions rely on isolation (one-patient
isolation rooms or cohorting [i.e., grouping patients
infected with the same infectious agents together to
confine their care to one area and prevent contact with
susceptible patients]) and keeping the patient with an
existing roommate. A patient that meets the criteria for
a suspect Nipah case should immediately be isolated
and infection control precautions instituted. In general,
hospitals in at-risk areas need to be prepared for the
management of Nipah cases via hospital screening,
admission procedures and triage, and the management
of visitor access and movement should be in place to
minimize potential exposure. Standard precautions
should be applied while handling patients, handling the
deceased, handling the specimens, cleaning and waste
disposal.

Hand hygiene: Handwashing with soap and water or
alcohol-based hand rub before and after patient contact.
Evidence from Bangladesh suggested that Nipah virus
can survive on surfaces and be a potential source of
spread of infection to caregivers (44). Lack of hand
hygiene practices and scarcity of water in the setting
was possibly responsible for HCWs being affected in the
outbreak (44). The importance of hand hygiene cannot be
over emphasized and it remains the crucial cornerstone
for preventing spread of infection (44,46,48).

Wearing of PPE when performing an aerosol
generating procedure or a patient examination. Highest
level of protection (Level B/A OSHA) is recommended
for Nipah. Infections in HCWs with SARS or Ebola
during the respective outbreaks were very commonly
attributed to improper PPE removal or doffing (49-52).
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10. Conclusion

Nipah virus outbreak should be suspected in relevant
epidemiological settings (e.g. history of travel or
residence in known geographical areas with Nipah
transmission or contact with pigs or bats) in clusters
of patients presenting with acute encephalitis with or
without ARDS, high secondary attack rate and very
high mortality. These patients should be managed
with appropriate infection control measures. Until the
time when newer drugs are developed for its effective
treatment, the role of drugs like ribavirin has to be clearly
established with the help of properly designed trials.
Effective control measures in the community to prevent
its transmission from animals (bats/pigs) to humans in
disease prone areas have to be instituted. In the battle
of virus vs. man, hopefully the latter will turn out to be
victorious in the long run.
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