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Abstract
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Introduction

Nipah virus infection (NiV) is an emerging highly pathogenic 
zoonotic disease, outbreaks of which have been reported from 
South East Asian countries. The virus belongs to the genus 
Henipavirus and subfamily Paramyxoviridae.[1] The natural 
reservoirs of the virus are fruit bats of the genus Pteropus, and 
the virus has been isolated from bat urine and partially eaten 
fruits in Malaysia.[2] Human infection begins with fever and 
brain inflammation leading to disorientation or coma.[3] Some 
patients present with acute respiratory distress syndrome and 
mortality ranges from 40% to 70%.[1] Laboratory confirmation 
is done by serum neutralization, ELISA, or reverse transcription 
polymerase chain reaction (RT‑PCR) tests. NiV is classified as 
a Biosafety level 4 agent, and most countries in South East Asia 
lack diagnostic facilities. Intensive supportive care forms the 
mainstay of treatment and ribavirin may provide symptomatic 
relief.[4] As a specific vaccine is unavailable, robust surveillance 
system for early case detection and prompt control measures 
is the only way to prevent human transmission.

Outbreaks of NiV have been reported from Malaysia, 
Singapore, Bangladesh, and India. Direct contact with infected 
pigs was the mode of transmission in the first outbreak in 

Malaysia (1999). The outbreaks in Bangladesh and India were 
linked to consumption of fresh date palm sap contaminated 
by fruit bats.[5,6] The first evidence of human‑to‑human 
transmission was seen in Siliguri, West Bengal, India (2001) 
where hospital visitors and health workers contracted the 
infection after exposure to patients, indicating transmission 
in health‑care setting.[5] Human‑to‑human spread was also 
documented in Bangladesh (2004).[7‑9]

The outbreak which occurred in the Southern state of Kerala, 
India, in May 2018, was the third NiV outbreak in India, the first 
two being in Siliguri and Nadia, West Bengal (2007). Eighteen 
confirmed cases were reported from the districts of Kozhikode 
and Malappuram with high mortality and person‑to‑person 
transmission. Here, we describe the epidemiology of this 
outbreak which posed a unique challenge to the health system.

Background: An outbreak of the rare and highly pathogenic Nipah virus infection occurred in Kozhikode, Kerala, India, during May 2018. 
Methodology: Outbreak control activities included laboratory case confirmation and isolation. Contact surveillance was initiated and close 
contacts were home quarantined for the maximum incubation period of the disease. Field visits and verbal autopsy of the deaths were done to 
elicit the details of exposure. Results: Of the 18 confirmed cases, 16 succumbed (case fatality rate, 88.8%). The mean incubation period was 
9 days. The transmission was person to person wherein the primary case served as a point source for 15 other cases including 2 health‑care 
workers. The mean age of the affected cases was 41 years with male preponderance. More than 2600 contacts were under surveillance. The 
outbreak was contained within 3 weeks and declared closed by July the same year. Conclusion: Early detection of the outbreak and prompt 
isolation of cases along with strengthening of infection control practices and barrier nursing helped in containing the outbreak.
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Methodology

Our hospital is a tertiary care public center in Kozhikode, 
North Kerala, catering to five districts with enormous case 
load. Twelve confirmed cases, the primary case, and four 
probable cases  were admitted in this institution  (Hospital 
A) also designated as the dedicated isolation facility for the 
treatment of NiV cases. Our team was actively involved in 
outbreak response, surveillance, and data management and 
was part of the Nipah task force at institutional and district 
level. Triaging as per case definition [Table 1] and reporting 
of cases was a daily activity. Contact surveillance for early 
detection and case isolation was initiated in liaison with the 
district team.

Case confirmation
Confirmation of NiV infection was by detecting viral RNA 
by RT‑PCR in samples of blood, urine, and throat swabs 
at Manipal Center for Virus Research  (MCVR). Case 
management was by the medical teams with intensive 
supportive therapy.

Contact surveillance
Case‑based contact tracing and daily surveillance was done 
by telecommunication, and they were home quarantined for 
21 days.

Field visits to the homes of the cases and verbal autopsy were 
conducted. Interactions with the community, health centers, 
and animal husbandry helped identify the possible source of 
infection.

To search for missed cases, auditing of similar deaths at our 
institution from 3 months before the outbreak was done.

National health agencies (National Centre for Disease Control, 
National Institute of Virology [NIV], and National Institute 
of Epidemiology) provided technical support for outbreak 
containment.   Barrier nursing and infection control practices 
were strengthened, training on use of personal protective 
equipment fast tracked and protocol for the management of 
dead bodies complied with.

Surveillance activities continued for twice the maximum 
incubation period (42 days) after the last case.

Results

In all 147 suspects as per Case definition [Table 1] were 
admitted  in Hospital A from May 5 to May 31, 2018. Of the 
18 confirmed cases, 12 were managed in our institution. Initial 
confirmation of NiV outbreak was done at the NIV, Pune. Of 
the 18 confirmed cases, 16 succumbed to their illness, and the 
case fatality rate (CFR) was 88.8%. The last case expired on 
May 31, 3 weeks after the outbreak began, but surveillance 
continued and the outbreak was officially declared closed in 
mid‑July 2018.

Case linkages: Index case
The first case noticed by the system and confirmed as a Nipah 
case  (virologically and by postmortem) was a 27‑year‑old 
male (Case 1) managed at a private facility from May 17, for 
fever, altered sensorium, and respiratory distress and expired 
on May 18.

Primary case
The index case was linked to the primary case – a 26‑year‑old 
male (Case 0) who was his sibling. Case 0 had been referred 
to Hospital A on May 5, from a peripheral government 
facility  (Hospital B) where he was on treatment for 3 days 
with similar symptoms. He expired on the same day and was 
reported in routine surveillance as a case of encephalitis.

Cases in the first set
Further 15 cases in the first generation of the outbreak were 
linked to Case 0  [Figure  1]. All were admitted in various 
hospitals between 17th and 29th May. Three clusters of infection 
could be identified based on the exposure linkages identified 
by the team: one family cluster, where the family members 
were exposed to the primary case during caregiving and two 
hospital clusters – one at Hospital B where the primary case 
had been admitted for 1 day and one at Hospital A [Figure 1]. 
All these cases were exposed to the primary case during his 
stay at the concerned hospitals.
a.	 Family cluster – The index case (Case 1) was linked to 

2 more cases. Case 2, a 53‑year‑old female, related to 
Case 0 and was a hospital visitor at Hospital B when 
Case 0 was admitted there. Case 3, a 59‑year‑old male, 
was also a family contact and caregiver for Case 0 when 

Table 1: Case definition of Nipah virus infection*

Case Definition
Suspected 
NiV infection

Person from an area/locality affected by NiV outbreak who has
Acute fever with new onset of altered mental status or seizure and/or
Acute fever with severe headache and/or
Acute fever with cough or shortness of breath

Probable NiV 
infection

Suspected case ‑ patients/s who resided in the same village where suspected/confirmed case of NiV infection were living during the 
outbreak period and who died before complete diagnostic specimens could be collected
Suspected case who came in direct contact with confirmed case in a hospital setting during the outbreak period and who died before 
complete diagnostic specimens could be collected

Confirmed 
NiV infection

Suspected case who has laboratory confirmation of NiV infection either by
NiV RNA identified by PCR from respiratory secretions, blood, urine, or cerebrospinal fluid
Isolation of NiV from respiratory secretions , blood, urine, or cerebrospinal fluid

*Adapted from NCDC interim guidelines 2018. NiV: Nipah virus, PCR: Polymerase chain reaction, NCDC: National Centre for Disease Control
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he was admitted in hospital. These three cases constitute 
the family cluster. This clustering of cases from a single 
family in the affected village within a short span of 
12 days resulted in the treating physicians at the private 
facility to have a high index of suspicion of a serious 
communicable disease outbreak. NiV infection was 
confirmed by virologic study at MCVR

b.	 Hospital A cluster – Eight NiV cases were exposed to the 
primary case at Hospital A on May 5. Two were patients 
(Case 17 and 18), one was a health‑care worker (Case 7), 
and the rest were hospital visitors (Cases 9, 10, 12, 15, 
and 16). Case 7 and Case 18 survived

c.	 Hospital B cluster  –  Four cases were exposed to the 
primary case at Hospital B where he was treated before 
referral to Hospital A. One was a health‑care worker 
(Case 5) and the rest were hospital visitors/caregivers to 
patients in the Hospital B (Cases 4, 6, and 8).

Cases in the second set
Three confirmed cases were noted in the second generation. 
Two were exposed from Hospital A (Case 11 and 13) whereas 
Case 14 was exposed at Hospital C when Case 4 was admitted 
there before being hospitalized at Hospital B.

Epidemiology
The Kozhikode outbreak was identified as a person‑to‑person 
propagated outbreak. Hospital transmission was noted at three 
hospitals and two health‑care workers were affected. The 
second generation had only three cases. Of the 18 confirmed 
cases of NiV infection, 14 were from Kozhikode district 
and 4 were from the neighboring district of Malappuram but 
exposed from Hospital A (at Kozhikode). The mean age of 
cases was 41 years (±15.9) (range, 19–75 years) with male 
predominance  (61.1%). The outbreak peaked from 12th  to 
18th  May 2018  [Figure  2] with a mean incubation period 

of 9.3  days  (±1.9)  (range, 6–14  days). Only two survived 
(CFR: 88.8%). Clinical features in most cases included signs 
of acute encephalitis, fever, headache, altered sensorium, 
seizures, and vomiting. A  proportion of the cases also had 
severe respiratory symptoms whereas a few cases reported with 
diarrhea. Average duration of hospital stay for the deceased 
was 3.4 days (range, 1–9 days) and for the two survivors was 
23 days.

Missed cases
Assuming the possibility of undiagnosed NiV cases, detailed 
audit of similar deaths 3 months before the outbreak was done 
at Hospital A. Of the total deaths line‑listed, 15 had symptoms 
of fever, altered sensorium, and respiratory distress. Four 
deaths were clinically presumed probable of NiV infection 
as per case definition and could have had exposure to the 
primary case at Hospital A. As all these cases expired before 
confirmation of the outbreak, laboratory confirmation for 
NiV was not done. However, their contacts were put under 
surveillance as enhanced vigilance.

Source of infection and transmission
Fruit bats are known reservoirs of NiV infection. While the 
exact mode of transmission from bats to the primary case is 
unclear, further exploration revealed that exposure may have 
occurred either in the process of cleaning of a bat infested 
unused well or during visits to the nearby forest. Fruit bats were 
mapped in the area and specimen studies for virus confirmed 
from captured bats by animal husbandry and National agencies. 
However, further transmission of NiV infection from the 
primary case was human to human [Table 2 ]. No other animal 
hosts was evident and no new local transmission was noted 
from the village of the primary case or in other villages.

Contact surveillance
Contact surveillance for confirmed and probable cases was 
carried out. More than 2600 contacts were followed up for 
21 days each and put under home quarantine. Symptomatics 
were transported in dedicated ambulances to Hospital A where 
they were triaged as suspected/probable cases as per case 
definition and the samples were sent for the confirmation of 
diagnosis. Surveillance continued for 42 days till mid‑July 2018.
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Discussion

A rare outbreak of NiV encephalitis occurred in Kozhikode 
district of Kerala during May 2018 with 18 confirmed cases 
and a primary case. The mode of transmission was person to 
person, similar to the outbreaks at Bangladesh and Siliguri. 
The NiV of this outbreak showed 97% similarity to Bangladesh 
lineage  (NiV‑BD).[10] Lower number of cases occurred 
when compared to the Siliguri  (66  cases) and Bangladesh 
outbreak  (44  cases),[11] but more cases when compared to 
other sporadic outbreaks in Bangladesh (3–16  cases) and 
Nadia  (5  cases).[11] The seasonality also conforms to the 
fruit‑bearing season of January–May in South India as seen 
in the Siliguri and Bangladesh outbreaks[6] corresponding to 
the breeding season of the Pteropus bats.[12]

The high CFR (88.8%) is slightly more than the outbreaks in 
Siliguri (68%)[5] and Bangladesh (77%).[12] Lower mortality in 
Malaysian outbreak (40%) has been attributed to the different 
strain of NiV.[3]

Epidemiological linkages showed person‑to‑person 
transmission and a single patient (Case 0) served as a point 
source for 15 confirmed cases. All the cases were infected 
from health‑care settings in the late stages of illness. Even 

the family contacts may have been infected during the stay 
of Case 0 at Hospital B. Human propagation of the virus was 
first observed in Siliguri where hospital cases served as the 
source of infection for 33 health‑care workers/visitors[5] and 
also documented in Bangladesh.[7‑9]

Bats were mapped in the local area and 19% of the Pteropus 
giganteus specimens collected were reported as positive for 
NiV,[13] but other animal host were not identified. Drinking 
of raw date palm sap is not a custom in these parts of Kerala, 
but the primary case may have had bat exposure from the 
well or from the nearby forest. As there are no pig farms in 
the affected area, pig as an intermediate host is unlikely in 
this outbreak. Phylogenetic analysis at NIV, Pune, showed 
high similarity  (99.7%–100%) between NiV sequences in 
P. giganteus and human NiV samples from Kerala.[14]

All cases in the current outbreak were adults with the youngest 
age being 19 years and males were more affected. The outbreak 
at Siliguri was also characterized by infection in those above 
15  years[5] with a male: female ratio of 1.4:1.[5] Infection 
among children have been observed in Naogaon, Rajbari, and 
Meherpur in Bangladesh  (range, 2–60 years).[15,16] Children 
were not affected in the Kozhikode outbreak possibly because 

Table 2: Details of source of infection of Nipah cases

Case Age Sex Date of onset of symptom Contact/exposure history
Case 0
(Primary Case, 
Probable Case)

26 Male April 30, 2018 Probable source of infection could be from the forest during trekking or eating fruits 
bitten by bats or from bats from unused well
Treated at Hospital B on 3rd and 4th of May and refereed to Hospital A on 5th of May

Confirmed Cases
Case 1 ‑ index 
case

27 Male May 13, 2018 Family caregiver and sibling of Case 0 in hospital
Household contact

Case 2 53 Female May 14, 2018 Aunt of Case 0 who visited him at Hospital B and hugged and kissed him
Case 3 59 Male May 13, 2018 Family contact (father) of Case 0

Caregiver at Hospital B and A
Case 4 49 Male May 12, 2018 Inpatient at Hospital B where Case 0 was admitted
Case 5 32 Female May 15, 2018 Health‑care staff on duty at Hospital B when Case 0 was admitted
Case 6 48 Female May 16, 2018 Hospital visitor at Hospital B when Case 0 was admitted
Case 7 19 Female May 13, 2018 Health‑care worker on duty at Hospital A when Case 0 was in emergency room of 

Hospital A
Case 8 45 Male May 13, 2018 Admitted at Hospital B when Case 0 was admitted
Case 9 52 Male May 10, 2018 Hospital visitor at Hospital A on 5th May ‑ Contact with Case 0 on same day at 

diagnostic area
Case 10 27 Male May 14, 2018 Hospital visitor at Hospital A on 5th May ‑ Contact with Case 0 on same day at 

diagnostic area
Case 11 75 Female May 22, 2018 Patient at Hospital A ‑ Contact with Case 15 and 16 admitted in same area at Hospital 

A
Case 12 55 Male May 16, 2018 Hospital visitor at Hospital A on 5th May. Contact with Case 0 at emergency room
Case 13 28 Male May 24, 2018 Hospital visitor at Hospital A emergency room on May 14, 2018 ‑ Possible contact 

with a missed case
Case 14 25 Male May 24, 2018 Patient at Hospital C ‑ Contact with Case 4 admitted in same ward
Case 15 32 Female May 14, 2018 Hospital caregiver at Hospital A. Contact with Case 0 at radiology diagnostic area on 

5th May
Case 16 23 Female May 12, 2018 Hospital caregiver at Hospital A. Contact with Case 0 at radiology diagnostic area on 

5th May
Case 17 48 Male May 17, 2018 Hospital visitor at Hospital A on 5th May. Contact with Case 0 at emergency roo
Case 18 27 Male May 18, 2018 Patient at Hospital A - Contact with case 0 on 5th May at diagnostic area
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contact of children with cases during the infectious phase 
might have been low. Transmission of the disease from the 
cases occurred during their stay in the hospital, indicating that 
transmission mainly occurs during the late stage of the disease 
when symptoms of encephalitis and respiratory distress are 
severe and droplet and contact secretions are highly infectious 
as has been observed in Siliguri.[17]

The average incubation period of this outbreak was 
9  days similar to outbreaks in Bangladesh  (9  days)[12] and 
Malayasia (10 days).[18]

Only two health‑care workers were affected, one survived and 
both were exposed when the outbreak was still unrecognized 
unlike the Siliguri outbreak where the number of health‑care 
workers affected were more.[5] Further cases were arrested 
as isolation of cases, and barrier nursing was intensified 
within 2 days of identification of the virus and the outbreak 
contained.

Conclusion

Person‑to‑person transmission is the key epidemiological 
feature of the outbreak which occurred in Kerala. Transmission 
occurred mainly in health‑care settings and the mortality rate 
was high. The outbreak was contained by case isolation, early 
initiation of barrier nursing, infection control practices, contact 
surveillance, and home quarantine.

Recommendations
The range of the Pteropus bats extends from South East 
Asia to India.[19] Continued surveillance in these areas with 
diagnostic support is vital for early detection of NiV infection. 
Adherence to infection control practices is essential for 
curtailing nosocomial spread. Caregiver education on droplet 
and contact precautions can help in reducing transmission 
in the early stage of the outbreak. The WHO’s current list of 
blueprint priority diseases includes eight dangerous pathogens 
including Nipah[20] and accelerated research and development 
is vital to improve preparedness and response against such 
public health emergencies.
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