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Abstract

Nipah virus (NiV) is a paramyxovirus whose reservoir host is fruit bats of the genus Pteropus.
Occasionally the virus is introduced into human populations and causes severe illness characterized
by encephalitis or respiratory disease. The first outbreak of NiV was recognized in Malaysia, but
since 2001 eight outbreaks have been reported from Bangladesh. The primary pathways of
transmission from bats to people in Bangladesh are through contamination of raw date palm sap by
bats with subsequent consumption by humans and through infection of domestic animals (cattle,
pigs, and goats), presumably from consumption of food contaminated with bat saliva or urine with
subsequent transmission to people. Approximately half of recognized Nipah cases in Bangladesh
developed their disease following person to person transmission of the virus. Efforts to prevent
transmission should focus on decreasing bat access to date palm sap and reducing family members'
and friends' exposure to infected patients' saliva.
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Discovery of Nipah Virus

Human Nipah virus (NiV) infection was first recognized in a large outbreak of 276 reported
cases in peninsular Malaysia and Singapore from September 1998 through May 1999 [1-3].
Most cases had contact with sick pigs [4]. Cases presented primarily with encephalitis; 39%
died [3,5]. Autopsy studies noted diffuse vasculitis most prominently involving the central
nervous system with intense immuno staining of endothelial cells with anti-Nipah virus
hyperimmune serum [1]. The virus, a member of the recently designated genus Henipavirus,
within the family Paramyxoviridae, was first isolated from a patient from Sungai Nipah village
[1,3]. The human outbreak of Nipah infection ceased after widespread deployment of personal
protective equipment to people contacting sick pigs, restriction on livestock movements, and
culling over 900,000 pigs [6].

Large fruit bats of the genus Pteropus appear to be the natural reservoir of NiV. In Malaysia
the seroprevalence of neutralizing antibodies to NiV in colonies of Pteropus vampyrus and P.
hypomelanus ranged from 7 —58% [7,8]. Antibodies against henipaviruses have been identified
in Pteropus bats wherever they have been tested including Cambodia, Thailand, India,
Bangladesh and Madagascar [9-13]. NiV was isolated from urine specimens collected
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underneath a P. hypomelanus roost and from partially eaten fruit dropped during feeding
activity in Malaysia [14], from urine collected underneath a P. lylei roost in Cambodia [9], and
from saliva and urine of P. lylei in Thailand [10]. Experimental infection of Pteropus bats with
NiV does not cause illness in the bats [15]. Surveys of rodents and other animals have not
identified other wildlife reservoirs for NiV [7,12]. Over 50 species of Pteropus bats live in
South and South East Asia (Figure 1)[16]. P. giganteus, the only Pteropus species found in
Bangladesh, is widely distributed across the country and frequently has antibody to NiV [12,
17].

The growth of large intensively managed commercial pig farms in Malaysia with fruit trees on
the farm created an environment where bats could drop partially eaten fruit contaminated with
NiV laden bat saliva into pig stalls. The pigs could eat the fruit, become infected with NiV,
and efficiently transmit virus to other pigs because of the dense pig population on the farms,
frequent respiratory shedding of the virus among infected pigs [18], and the pigs' high birth
rate that regularly brought newly susceptible young pigs into the population at risk [19].

Recurrent Nipah Outbreaks in Bangladesh

In the 10 years following the Nipah outbreak in Malaysia no further human cases of NiV
infection have been reported from Malaysia, but eight human outbreaks of NiV infection in
Bangladesh were reported from 2001 — 2008, all occurring between December and May [12,
20-24]. A total of 135 human cases of Nipah infection in Bangladesh were recognized; 98
(73%) died. One outbreak of NiV occurred in Siliguri, India, 15 kilometers north of the
Bangladesh border in January and February 2001 [25] and a second NiV outbreak was reported
by newspapers in Nadia District, India also close to the border with Bangladesh, in 2007
[26]. In addition to the outbreaks, between 2001 and 2007, 17 other NiV transmission events,
ranging from single sporadic human cases to clusters of 2 — 4 human cases were recognized in
Bangladesh [27]. Thus, in contrast to the Malaysia/Singapore outbreak, which could be
coherently explained by a single or perhaps a few transmissions of NiV from an infected bat
to pigs, leading to a porcine epidemic which in turn led to a human epidemic [19], in Bangladesh
NiV transmission from bats to human is repeated and ongoing.

The diversity of NiV strains recovered from Bangladesh also supports multiple introductions
of the virus from bats into human populations even within a single year. Among four NiV
isolates from human NiV cases in 2004, the sequences of the nucleoprotein open reading frames
of the isolates differed by 0.9% in nucleotide homology, in contrast to the sequences obtained
from all of the human cases in Malaysia which were nearly identical to each other [28-30].

The clinical presentation of NiV infection in Bangladesh differed from Malaysia. In
Bangladesh severe respiratory disease is more common, with 62% of cases having cough, 69%
developing respiratory difficulty and available chest radiographs showing diffuse bilateral
opacities covering the majority of the lung fields consistent with acute respiratory distress
syndrome [31]. By contrast, in Malaysia, 14% of patients had a non-productive cough on
presentation; only 6% of chest radiographs were abnormal and these abnormalities were mild
and focal [5]. The case fatality rate was higher in Bangladesh at 73%, compared to 39% from
Malaysia [5,31], but much of this difference results from the more sophisticated clinical care
provided in Malaysia. Half of Malaysian Nipah patients received mechanical ventilatory
support compared to a single patient (1%) in Bangladesh [5] (unpublished data). One third of
Nipah survivors in Bangladesh have moderate to severe objective neurological dysfunction 7
— 30 months after infection [32].
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NiV transmission from bats to people

Epidemiological investigations in Bangladesh have identified three pathways of transmission
of NiV from bats to people. The most frequently implicated route is ingestion of fresh date
palm sap. Date palm sap is harvested from December through March, particularly in west
central Bangladesh. A tap is cut into the tree trunk and sap flows slowly overnight into an open
clay pot. Infrared camera studies confirm that P. giganteus bats frequently visit date palm sap
trees and lick the sap during collection [33]. NiV can survive for days on sugar rich solutions
such as fruit pulp [34]. Most date palm sap is processed at high temperature to make molasses,
but some is enjoyed as a fresh juice, drunk raw within a few hours of collection. In the 2005
Nipah outbreak in Tangail District, Bangladesh, the only exposure significantly associated with
illness was drinking raw date palm sap (64% among cases versus, 18% among controls OR
7.9, 95% Cl, 1.6, 38, P=0.01) [22]. Twenty-one of the 23 index NiV cases recognized in
Bangladesh developed their initial symptoms during the December through March date palm
sap collection season[27].

A second route of transmission for NiV from bats to people in Bangladesh is via domestic
animals. Fruit bats commonly drop partially-eaten saliva-laden fruit. Domestic animals in
Bangladesh forage for such food. Date palm sap that is contaminated with bat feces and so is
unfit for human consumption is also occasionally fed to domestic animals. The domestic
animals may become infected with NiV, and shed the virus to other animals, including humans.
Contact with a sick cow in Meherpur, Bangladesh in 2001 was strongly associated with Nipah
infection (OR 7.9, 95% Cl, 2.2, 27.7, p=.001) [12]. A pig herd visited the community two
weeks before the 2003 Nipah outbreak in Naogaon and contact with the pigs was associated
with illness (OR 6.1, 95% CI 1.3, 27.8, p=0.007) [35]. In 2004 one family explained that they
owned two goats which their son frequently played with. The goats became ill with fever,
difficulty walking, walking in circles, and frothing at the mouth. The parents believe their son
had contact with goat saliva while the goats were ill. Both goats died. Within two weeks of the
goats' death, the child developed encephalitis that was confirmed to be Nipah by antibody
testing (unpublished data).

Third, some people may come into direct contact with NiV infected bat secretions. In the
Goalando outbreak in 2004 persons who climbed trees were more likely to develop NiV
infection than controls (odds ratio 8.2, 95% CI 1.3, undefined) [20].

Person to person transmission

Several Bangladesh Nipah outbreaks resulted from person-to-person transmission. The clearest
illustration of person to person NiV transmission occurred during the Faridpur outbreak in
2004 [21]. Four persons who cared for the index patient--his mother, his son, his aunt and a
neighbor--became ill 15-27 days after the index patient first developed illness (Figure 2).
During her hospitalization, the index patient's aunt was cared for by a popular religious leader
who lived in a nearby village and who became ill 13 days later. When the religious leader
became seriously ill, many of his relatives and members of his religious community visited at
his home. Twenty-two persons developed Nipah infection after contact with the religious
leader. One of these followers moved to his family's house in an adjacent village to receive
care after becoming ill where he was cared for by a friend and two family members. These
three caregivers and a rickshaw driver, who helped carry him to the hospital as his condition
deteriorated, became ill. Ultimately, the chain of transmission involved 5 generations and
affected 34 people [21] (Figure 2). Physical contact with an NiV infected patient who later
died (OR 13.4, 95% CI 2.0, 89) was the strongest risk factor for developing NiV infection in
the outbreak.
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The transmission pattern in Faridpur is not unique. For example, in Thakurgaon in 2007 six
family members and friends who cared for an NiV infected patient developed Nipah infection.
Cases were more likely than controls to have been in the same room when the index case was
coughing [23]. In a review of the 122 identified Nipah cases identified in Bangladesh from
2001 through 2007, 62 (51%) developed illness after close contact with another Nipah patient
[27]. A small minority of patients infected with NiV, 9 of 122 recognized cases (7%)
transmitted NiV to 62 other persons.

Respiratory secretions appear to be particularly important for person-to-person transmission
of NiV. NiV RNA is readily identified in the saliva of infected patients [28,36].
Anthropological investigations during the Faridpur outbreak highlighted multiple
opportunities for the transfer of NiV contaminated saliva from a sick patient to care providers
[37]. Social norms in Bangladesh require family members to maintain close physical contact
during illness. The more severe the illness, the more hands-on care is expected. Family
members and friends without formal health care or infection control training provided nearly
all the hands on care to Nipah patients both at home and in the hospital [38]. Care providers
during the Faridpur outbreak continued to share eating utensils and drinking glasses with sick
patients. Leftovers of food offered to see Nipah patients were commonly distributed to other
family members. Family members maintained their regular sleeping arrangements, which often
involved sleeping in the same bed with a sick, coughing Nipah patient. There was a particularly
strong desire to have close physical contact near the time of death, demonstrated by such
behaviors as cradling the patients head on the family member's lap, attempting to give liquids
to the patient with a spoon or glass between bouts of coughing, or hugging and kissing the sick
patient [37]. In both the Faridpur outbreak in 2004 and the Thakurgaon outbreak in 2007,
persons who were in a room when a Nipah patient was coughing or sneezing were at increased
risk of Nipah virus infection [21,23]. Across all recognized outbreaks in Bangladesh from 2001
through 2007, Nipah patients with respiratory symptoms were more likely to transmit Nipah
[27].

The capacity for NiV to spread in hospital settings to both staff and patients, was clearly
illustrated in a large outbreak affecting 66 people in Siliguri, India in 2001. The outbreak
apparently originated from an unidentified patient admitted to Siliguri District Hospital who
transmitted infection to 11 additional patients, all of whom were transferred to other facilities.
In two of the facilities, subsequent transmission infected 25 staff and 8 visitors [25]. However,
transmission to health care workers is rarely recognized. Among a cohort of 338 health care
workers who cared for Nipah patients at three Malaysian hospitals and reported a combined
89 episodes of Nipah patient blood or body fluid directly contacting their bare skin, 39 splash
exposures of blood or body fluid into their eyes, nose or mouth, and 12 needle stick injuries,
none developed clinical illness associated with Nipah infection [39]. Health care workers in
Bangladesh have much less direct physical contact with patients than in Western hospitals
[38]. Hands-on care is generally provided by family members and friends. No health care
workers in Bangladesh who cared for identified Nipah patients have been identified with
illness, though confirmed cases include one physician whose source of infection is unknown.
A sero-survey among 105 health care workers who cared for at least one of seven patients
admitted with Nipah infection at one hospital in Bangladesh identified two health care workers
with serological evidence of NiV infection; however their antibody responses (IgG only, no
IgM) and lack of symptoms suggest a previous infection, not recent nosocomial transmission
[40].

Might person to person transmission be associated with particular strains of NiV that have
genetic characteristics that lead to person to person transmission? The closely related strains
in Malaysia resulted in less frequent and less severe respiratory disease than observed in
Bangladesh and were not associated with frequent person to person transmission. However,
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the pattern of the outbreaks in Bangladesh and India suggests that person to person transmission
is more dependent on the characteristics of the occasional Nipah transmitter than a specific
strain. If the NiV strain was central to person to person transmission, then secondary cases of
NiV would be more likely to become NiV transmitters, than primary cases (because secondary
cases would already have selected for strains predisposed to person to person transmission.)
However, in the review of seven years of human Nipah infection in Bangladesh, secondary
cases were no more or less likely to become Nipah transmitters than were primary cases [27].
All persons who transmitted Nipah died, suggesting that late stages of infection, presumably
with high virus titers, increases the risk of transmission. Even the pattern in Siliguri, the largest
recognized Nipah outbreak from apparent person to person transmission, is consistent with the
review of seven years of human Nipah infection in Bangladesh. The unidentified index case
in Siliguri District Hospital infected 11 patients, 2 of whom infected an additional 33 patients.
The 13 day duration of the outbreak at Medinova Hospital suggests two generation of
transmission likely occurred there. Taken together this pattern suggests 4 NiV transmitters
propagated human infection across 4 generations. There were 67 cases (66 recognized plus the
unidentified index case) 4 of whom (5.9%) became Nipah transmitters, a proportion very close
to the 7% recognized in Bangladesh. This suggests that the virus strain responsible for this
largest recognized person to person outbreak was not exceptional. Its rate of secondary
transmission was similar to other strains circulating in South Asia.

Exposures not associated with NiV transmission

Outbreak investigations have both identified important routes of transmission of human NiV
infection, and identified exposures not associated with transmission. NiV was recovered from
the urine of Pteropus bats in Malaysia, Cambodia and Thailand. [9,10,14]. In Bangladesh, P.
giganteus bats live in close proximity to human populations, often roosting in trees located in
rural Bangladeshi villages. Thus, bat urine, intermittently laced with NiV contaminates the
immediate physical environment in many villages in Bangladesh. Yet in each of the eight Nipah
outbreaks investigated in Bangladesh, an association between living near a bat roost and
infection with Nipah was looked for, but never found. This suggests that the quantity of viable
virus shed in bat urine is too low to initiate clinically apparent infection in humans.

Eating bat-bitten fruit is often suggested as a pathway of transmission for human Nipah
infection. NiV was recovered from fruit dropped by Pteropus bats in Malaysia [14]. It is the
most commonly suggested pathway for NiV transmission from bats to domestic animals. In
contrast to general environmental contamination with urine, punctured fruit contaminated with
bat saliva may favor virus survival. In Bangladesh where 43% of children under the age of 5
years meet the WHO standards for chronic malnutrition [41], little food is wasted. In outbreak
investigations, villagers, especially children, commonly report consuming fruit which was
partially eaten by bats. However, in the six NiV outbreak investigations where the question
was asked, cases never reported consuming partially eaten fruit significantly more commonly
than controls.

Unanswered questions

Did outbreaks of human Nipah infection occur in Bangladesh before the first outbreak was
recognized in 2001? Almost certainly. P. giganteus are widely distributed across Bangladesh
[16], and wherever Pteropus bats have been tested they have antibody to henipavirus [9-13].
When Pteropus bats are experimentally infected with NiV they do not become clinically ill
[15], which suggests that NiV likely co-evolved with its Pteropus hosts over millennia.
Bangladesh has long been densely populated, and date palm sap harvesting is an old profession
using techniques and simple tools that are passed on from father to son. Moreover, people
frequently die in Bangladesh of unknown causes, often outside of hospitals. Three factors that
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have contributed to recognition of Nipah outbreaks recently include development of diagnostic
tests for Nipah infection following the Malaysian outbreak, expansion of surveillance for a
range of communicable disease by the Government of Bangladesh, and expansion of news
media coverage in rural Bangladesh.

Unanswered questions regarding Nipah transmission include: 1) Why is respiratory disease
and person to person transmission more common among human NiV infection in Bangladesh
compared to Malaysia? Are certain strains of virus more likely to cause respiratory tract disease
in humans, or might the different clinical syndromes in Bangladesh and Malaysia reflect
differences in host susceptibility from malnutrition or other causes? 2) How stable is the
genome of Nipah? The overall nucleotide homology between a prototypical Malaysian strain
of NiV and a strain of NiV from Bangladesh was 91.8% [28]. Is there a substantial risk of
mutation that would improve the efficiency of person to person transmission of the virus? 3)
How common is unrecognized, including subclinical, infection with NiV?

Prevention strategies

The epidemiology of NiV transmission in Bangladesh suggests two avenues to prevent human
disease. The first is limiting exposure of Bangladeshi villagers to NiV contaminated fresh date
palm sap. Date palm sap collection provides critical income to low income collectors and is a
seasonal national delicacy enjoyed by millions every year. Steps to make the date palm sap
consumption safer include diverting more of the production to molasses where the sap is cooked
at temperatures above the level that NiV can survive and limiting bat access to date palm trees
where the sap will be consumed fresh. A number of methods have been occasionally employed
by date palm sap collectors to restrict bat access to date palm trees [42]. We are currently
evaluating the effectiveness and scalability of these methods.

A second area for targeted intervention is reducing the exposure of caretakers to the saliva of
seriously ill persons. When a Nipah outbreak is recognized it is appropriate to implement
standard precautions [43], but recommendations to improve infection control practices more
broadly in Bangladesh must consider the social and health care context in the country, where
(1) the annual total per capita spending on health is $12 per person per year [44]; (2) over 99%
of respiratory disease and over 99% of acute meningo encephalitis in Bangladesh is not caused
by Nipah;(3) most of the people who contract Nipah are dead by the time the diagnosis is
considered by local practitioners; and (4) even in the hospital setting most hands-on care is
provided by family members, not health care professionals. If we recommend an unachievable
level of infection control practices for persons caring for pneumonia and acute meningo
encephalitis patients from rural communities in Bangladesh, we will not reduce the risk of
person to person transmission of NiV in Bangladesh. An important research priority is to
identify approaches that can be consistently implemented in these low income settings where
family members are caring for patients with severe respiratory and neurological disease. For
example, family members who washed their hands with soap after caring for Nipah patients
were significantly less likely to become infected [21]. If such practices were widely adopted,
they would lessen the risk of person to person transmission of NiV and other pathogens.
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. Pteropus range

Figure 1.
Range of Pterpous bats based on RM Nowak [16]
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Figure 2.
Chain of person to person transmission in Nipah outbreak, Faridpur, Bangladesh, 2004.
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