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Early detection of zoonotic diseases allows for the implementation of early

response measures, reducing loss of human life and economic disruption.

We implemented a surveillance system in hospitals in Bangladesh to

screen acutely ill hospitalized patients with severe respiratory infection

and meningoencephalitis for zoonotic exposures. Patients were screened

for the risk of zoonotic exposures with five questions covering vocational

exposures, sick domestic animal and wild animal contact, and date palm

sap consumption in the three weeks preceding illness onset. Patients

giving at least one positive response were considered a potential zoonotic

exposure. From September 2013 to March 2017, a total of 11 429 hospitalized

patients across 14 participating hospitals were screened for exposures.

Overall, 2% of patients reported a potential zoonotic exposure in the

three-week period prior to becoming ill. Sixteen per cent of hospitalized

patients with reported exposures died. After routine surveillance diagnostic

testing, 88% of patients admitted to the hospital after a potential zoonotic

exposure did not have a laboratory diagnosed aetiology for their illness.

Hospital-based surveillance systems such as the Bangladeshi example

presented here could play an important future role in the early detection

of zoonotic spillover diseases.

This article is part of the theme issue ‘Dynamic and integrative

approaches to understanding pathogen spillover’.
1. Introduction
Emerging and reemerging zoonotic infectious diseases represent a potential

devastating threat to human health. Caused by pathogens originating in

animals and spilling into human populations, most emerging human diseases

are zoonotic and most originate in wildlife [1]. Spillover of zoonotic pathogens

followed by person-to-person transmission in cases of severe acute respiratory

syndrome (SARS), Middle East respiratory syndrome (MERS) [2,3], Nipah [4,5],

Lassa [6] and Ebola have caused loss of life, societal disruption and widespread

economic losses [7,8].

The early detection of zoonotic diseases through surveillance allows for the

implementation of early response measures, reducing loss of human life and

economic disruption [9]. A One Health approach to surveillance for zoonotic

pathogens involves the implementation and integration of both animal

and human surveillance platforms [10]. While recent work has successfully

focused on developing techniques for wildlife surveillance [11,12], additional

work is needed to develop human surveillance platforms [13]. Ideally, a
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human-focused platform would allow for the detection of

zoonotic exposures, identify cases of spillover disease and,

for patients who go undiagnosed, prioritize samples for

pathogen discovery.

Bangladesh is a high-risk location for zoonotic spillover,

occupying a tropical latitude and with a high diversity of

wildlife [14], dense human [15] and domestic animal [16]

populations, and a high level of connectivity between

people, domestic animals and wildlife. Western Bangladesh

is a known site of frequent spillover events with outbreaks

of Nipah virus (NiV), a zoonotic paramyxovirus harboured

by Pteropus fruit bats, identified almost yearly since 2001

[17,18]. With over a 70% mortality and known human-to-

human transmission, NiV has pandemic potential [19].

Identified risk factors for human infection have been the

consumption of raw date palm sap [20,21], a delicacy that

likely becomes contaminated by bat faeces, urine and saliva

during sap collection [22], and contact with another human

cases generally through caregiving [5].

In this article, we present our experience in Bangladesh

enhancing pre-existing surveillance platforms to include

human-focused, hospital-based zoonotic exposure surveil-

lance. We describe the design of the system, present the

basic epidemiologic and routine diagnostic data collected

from September 2013 to March 2017 and review some of

the difficulties in design and implementation.
2. Methods
The zoonotic exposures surveillance system (figure 1) implemented

in hospitals in Bangladesh screens acutely ill hospitalized

patients presenting with severe acute respiratory infection or

meningoencephalitis for potential zoonotic exposures.
(a) Initial screening for meningoencephalitis and severe
acute respiratory illnesses

The zoonotic exposures surveillance platform is layered on

two existing surveillance systems maintained by International

Centre for Diarrheal Disease Research, Bangladesh (icddr,b)

and The Institute of Epidemiology, Disease Control and Research

(IEDCR): meningoencephalitis surveillance targeting patients

with neurologic presentations [18] and hospital-based respiratory

illness surveillance [23].

Surveillance was conducted at a total of 14 hospital sites,

with one hospital site (Rajshahi) participating in both

meningoencephalitis and respiratory illness surveillance. The

meningoencephalitis surveillance platform operates in three

governmental tertiary care hospitals and defines meningoence-

phalitis cases as hospitalized patients with a history of

self-reported fever or axillary temperature greater than 38.58 C

combined with at least one of the following: new-onset altered

mental status, new-onset seizures or new neurological deficit

[18]. Respiratory illness surveillance operates in 12 districts (six

governmental and six private tertiary care hospitals, representing

all administrative divisions of the country) and defines severe

acute respiratory illnesses (SARI) as patients aged 5 years and

above with a history of fever or measured temperature of 388C
or above and cough or sore throat in the 10 days preceding

hospital admission [23]. Both meningoencephalitis and respirat-

ory illness surveillance systems collect basic demographic data

and mortality data for patients meeting the case definitions

and consenting to enrolment.
(b) Screening for potential zoonotic exposures
All patients meeting the case definition for meningoencephalitis

or SARI were screened for the risk of zoonotic exposures with

five brief questions. Patients giving at least one positive response

were considered to have an animal exposure that was potentially

infectious. The five screening questions addressed (i) vocational

exposures and, in the three weeks prior to the onset of illness,

any of the following: (ii) preparation or consumption of meat

from a sick domestic animal; (iii) a history of being bitten or

scratched by a wild animal; (iv) exposure to or consumption of

meat from a wild animal; and (v) consumption of date palm

sap. In cases of altered mental status, questions regarding the

altered patient’s behaviours and exposures were answered by

accompanying family members.

If a case-patient reported exposure to a sick domestic animal,

they were queried about the type of animal, symptoms that the

animal exhibited and the extent of exposure. Patients reporting

catching, killing, preparing or consuming wild animals were

asked about the animal type and the nature of their exposure.

Patients reporting a bite or wound from a wild animal were

asked to report the type of animal encountered, the approximate

wound depth and if they had trouble stopping the bleeding from

the wound. Patients consuming date palm sap were asked to

characterize the volume and frequency of their drinking habits

and if date palm sap consumed was raw or fermented. Question-

naire data were collected on tablets and synchronized to a secure

central server.
(c) Sample collection, transport and laboratory testing
In all patients meeting criteria for an animal exposure that was

potentially infectious, surveillance staff arranged specimen col-

lection with the help of hospital staff. Blood samples (approx.

10 ml) and throat or nasal swabs collected in viral transport

medium were routinely obtained in all patients with zoonotic

exposures. Serum was separated by centrifugation on site and

divided into aliquots. In cases where the treating hospital

doctor felt a lumbar puncture (LP) indicated, the procedure

was performed per hospital protocol and an additional aliquot

of cerebrospinal fluid (CSF, 1–3 ml) was collected.

Serum samples, respiratory specimens and CSF were stored

in a dedicated liquid nitrogen dry shipper that was maintained

at approximately 2708 C. Dry shippers were returned to

icddr,b in Dhaka every two weeks, where they were unloaded

in a biosafety cabinet. The shippers were then refilled with

liquid nitrogen and returned to the field. Each aliquot was

checked for leakage and integrity before being transferred to a

2808 C freezer.

Samples went through routine testing for either the menin-

goencephalitis or the respiratory disease surveillance platforms

depending on the originating surveillance platform. Samples

originating from the meningoencephalitis platform routinely

undergo testing for NiV through detection of IgM and IgG by

using IgM-capture and indirect IgG enzyme immunoassays

[24,25] if the patient is hospitalized during the season when

raw date palm sap is collected and consumed (1 December–

31 March) and Japanese encephalitis using IgM-capture

enzyme-linked immunosorbent assays [26] year-round.

Routine testing by real-time reverse transcription–polymerase

chain reaction (rRT–PCR) [27] in the respiratory disease platform

includes influenza A and B in all cases, and a respiratory viral

panel including respiratory syncytial (RSV), parainfluenza virus

(PIV) types 1–3, human metapneumovirus (hMPV), rhinovirus

and adenovirus in cases involving a suspected respiratory

disease cluster or death.

Samples that tested positive for a known pathogen through

routine testing were not further evaluated as zoonotic exposure

cases and were handled as per the protocol from the originating



patient admitted to hospital 

Does patient meet case definition
for meningoencephalitis (ME) or
severe acute respiratory illness

(SARI)?    
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fever of 38.5°C
at least one: new onset altered mental status, new onset seizure,
  or new neurologic deficit   

age ≥ 5 years
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cough or sore throat in the 10 days preceding hospitalization   

SARI 

yes

1. Do you work as a veterinarian, butcher, skinner or zoo worker? 
in the 3 weeks prior to becoming ill: 

Does patient have a 2. Did you slaughter, prepare or consume meat from a sick domestic animal? 
zoonotic exposure? 3. Were you bitten or scratched by a wild animal? 

4. Did you catch, slaughter, prepare or consume a wild animal? 
5. Did you consume fresh date palm sap or Tari (fermented date palm sap)? 

yes 268 patients (ME: 176; SARI: 92) 

patient is a zoonotic exposure surveillance case 

directed questionnaire 

date palm sap consumption

sample collection 

sick domestic animal
slaughtered/prepared/consumed

type of animal, types of symptoms animal
exhibited, nature of exposure

type consumed (raw or fermented),
frequency and volume of consumption serum

throat swab  
CSF if LP indicated
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type of animal, wound depth, trouble wild animal
bite or scratch stopping bleeding 
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interaction (i.e. food, medicine, pest control) 
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platform 
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empty dry
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 with liquid
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 returned

dry shippers and
biohazard waste

transported every
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serum serologic testing
Nipah IgG and IgM (1 December – 31 March)
Japanese encephalitis IgM (year round)  
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respiratory samples tested by rRT-PCR
influenza A and B
death or suspected cluster: RSV, PIV 1-3,
hMPV, rhinovirus, adenovirus    

SARI

testing negative 237 patients
(ME: 151; SARI: 86)

31 patients
(ME: 25; SARI: 6)

zoonotic exposure with unknown diagnosis 

samples marked for
further evaluation

next generation sequencing for pathogen discovery 

no 

patient not a
zoonotic 

expossure 
surveillance

case 

no 

biohazard
waste

incinerated

11 429 patients (ME: 3938; SARI: 7491)

Figure 1. Design of the zoonotic exposure surveillance system in hospitalized patients. ME (meningoencephalitis) and SARI refer to the pre-existing surveillance
platforms on which the zoonotic exposure surveillance system is built.
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surveillance system. Samples that tested negative in routine sur-

veillance testing were marked for pathogen discovery by next-

generation sequencing [28]. This article does not cover results

of sequencing and pathogen discovery, which will be reported

in a future manuscript.
ypublishing.org/journal/rstb
Phil.Trans.R.Soc.
(d) Consent and ethics
Once identified as a potential zoonotic exposure but prior to

answering the detailed questionnaire on their exposures and

providing samples, adult patients (aged 18 or older) were

consented for participation. Patients under the age of 18 years

gave assent and their adult guardians also consented. If

consent could not be obtained from the patient owing to

altered mental status, consent was sought from the patient’s

medical decision maker. The zoonotic exposure screening

questionnaires and sample collection protocols were reviewed

and approved by the ethical review committee of icddr,b

(PR-12093) as well as the Institutional Review Board of Stanford

University (protocol 26513).
B
374:20190019
(e) Data analysis
We used descriptive statistics to characterize demographics,

exposures, diagnostic laboratory results and case outcomes in

patients meeting criteria for the zoonotic surveillance platform.

We used bivariate logistic regression analysis both to evaluate

associations between pathways of potential zoonotic pathogen

exposure and demographics, presenting surveillance system

and seasonality as well as factors associated with mortality in

patients with reported zoonotic exposures.
3. Results
(a) Prevalence of animal exposures
From September 2013 to March 2017, surveillance hospital

staff screened 3938 meningoencephalitis and 7491 respiratory

illness patients for recent animal exposures that were poten-

tially infectious (total of 11 429 hospitalized patients) across

the 14 participating hospitals. Overall, 2% (268) of patients

reported an animal exposure in the three-week period prior

to becoming ill. The prevalence of patients reporting potential

zoonotic exposures was higher in patients who met the case

definition for meningoencephalitis at presentation than in

patients meeting the case definition for respiratory disease

(176 patients (4%) versus 92 patients (1%), OR 3.7, 95% CI

2.9–4.8).
(b) Demographics of patients reporting animal
exposures

The age of patients with an animal exposure that was poten-

tially infectious varied from 1 to 95 years, with a median

age of 20 years. Patients were predominantly male (67%,

180/268). Thirty-four per cent (92/268) were enrolled stu-

dents, 20% (54/268) were day labourers, 13% (35/268) were

either minors or elderly dependents and not working, 12%

(33/268) worked as farmers, 1 (less than 1%) worked as a

butcher and the remaining 20% (53 patients) had other occu-

pations. Sixty-six per cent (176/268) presented to three

hospitals with meningoencephalitis surveillance: Rangpur,

Rajshahi and Faridpur (figure 2).
(c) Reported animal exposures and associated
characteristics

Consumption of raw date palm sap was the most frequently

reported exposure (54%, 144/268), followed by the slaughter-

ing, preparing or consuming of a sick domestic animal (39%,

105/268). Only a minority of cases reported being bitten or

scratched by a wild animal (4%, 11/268) or consuming a

wild animal (2%, 5/268) (electronic supplementary material,

table S1). Of the patients exposed to sick domestic animals,

most reported exposure to sick chickens (87/105, 83%) fol-

lowed by cows (9/105, 8%), ducks (8/105, 7%), pigeons (4/

105, 4%) and a goat (1/105, 1%).

Among the patients reporting an animal exposure that

was potentially infectious, patients meeting the case defi-

nition for respiratory illness were more likely to report

contact with a sick domestic animal compared to patients

with suspected meningoencephalitis (68% versus 24%, OR

0.14, 95% CI 0.08–0.3) (table 1). Meningoencephalitis patients

reporting a potential zoonotic exposure were more likely to

report consuming raw date palm sap (OR 6, 95% CI 3.4–

10.5). Potential zoonotic exposures also varied seasonally,

with date palm sap consumption being more common in

the winter seasons and contact with both domestic and

wild animals less common in the winter season (table 1).

(d) Diagnostic testing
Routine surveillance diagnostic testing was able to identify a

pathogen in 12% (31/268) of patients with potential zoonotic

exposures. Eight per cent of patients (22/268) had serologic

evidence of NiV, 1% (3/268) had serologic evidence of

Japanese encephalitis, 1% (4/268) had influenza (two with

influenza A, both H1N1 and two with influenza B). Among

the patients presenting with respiratory infection who had

reported a potential zoonotic exposure, testing for respiratory

viruses other than influenza was only conducted in 15

patients who either died or were suspected to be part of a

respiratory disease cluster. Of these, one patient had PCR evi-

dence of RSV virus and one of adenovirus.

The majority of patients diagnosed with NiV reported con-

suming date palm sap (95%, 21/22); the single NiV patient

without date palm sap consumption reported slaughtering a

sick chicken prior to becoming ill. All three patients with Japa-

nese encephalitis reported slaughtering sick chickens. The

majority (75%) of patients with influenza A or B reported

slaughtering sick chickens (electronic supplementary material,

table S2). Consumption of palm sap was positively associated

with the presence of antibodies to NiV (OR 19, 95% CI

2.5–143) (electronic supplementary material, table S3).

(e) Mortality in patients with animal exposures
Sixteen per cent (42/268) of hospitalized patients with recent

animal exposures that were potentially infectious died

(table 2). Among the patients reporting a potential zoonotic

exposure, patients presenting with meningoencephalitis

accounted for 95% of all deaths (40/42) and were more likely

to die than patients with zoonotic exposures presenting with

respiratory infection (OR 13, 95% CI: 3.1–56). Patients 18

years of age or younger were more likely to die than patients

over 18 years of age (OR 2.1, 95% CI: 1.1–4.0). Patients who con-

sumed date palm sap prior to becoming ill were more likely to

die (OR 2.8, 95% CI: 1.4–5.6). Patients who had any diagnostic
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Figure 2. Location and proportion of patients presenting with zoonotic exposures at participating surveillance hospitals, Bangladesh, 2013 – 2017.
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test return with a possible infectious aetiology were more likely

to die than those who had no known diagnosis (OR 3, 95% CI

1.3–7). Patients with serologic evidence of NiV were more

likely to die than patients who did not have a known diagnosis

(OR 4.4, 95% CI 1.7–11.2) (electronic supplementary material,

table S4). Even when patients with positive serologic testing

for NiV were removed from the analysis, patients reporting

date palm sap consumption prior to becoming ill were more

likely to die (OR 2.6, 95% CI: 1.2–5.6).
4. Discussion
Only a minority of patients presenting to hospitals in

Bangladesh with acute respiratory infection and meningoen-

cephalitis report a potential zoonotic exposure in the three

weeks prior to acute illness onset. Acutely ill patients report-

ing an animal exposure that was potentially infectious appear

to represent a younger population with a male predominance

compared to national averages [15].

Date palm sap consumption, a known risk factor for NiV

and potentially a risk factor for other zoonotic infections, was
the exposure reported in the majority of patients, followed by

contact with sick domestic animals. While the majority of

patients with serologic evidence of NiV reported date palm

sap consumption, over half of patients reporting date palm

sap consumption remained undiagnosed after routine

surveillance diagnostic testing. While the high prevalence of

date palm sap consumption may mean this finding is

merely coincidental, it may also represent either the presence

of undiagnosed NiV cases or an unknown zoonotic pathogen

infecting date palm sap consumers. If this finding represents

a novel pathogen being transmitted via date palm sap, this

may further implicate bats, which are known to contaminate

sap during collection [22,25], as a potential reservoir.

Overall mortality in the patients without laboratory diag-

noses was lower than those patients who had a laboratory

diagnosis, suggesting that severity of infection caused by

unknown pathogens may be lower than known pathogens

in our study area. However, in our study area, NiV, with

its high mortality rate, leads to an overall high mortality

rate in patients with diagnoses.

Although routine testing was conducted only for a limited

number of pathogens, the majority of acutely ill patients with



Table 1. Factors associated with different potential zoonotic exposures among patients admitted to surveillance hospitals in Bangladesh. OR, odds ratio; CI,
confidence interval; ref, reference.

factors
number
(%)

date palm sap
consumption
OR (95% CI)

contact with sick
domestic animal
OR (95% CI)

bitten or scratched
by wild animal
OR (95% CI)

slaughtered or
consumed wild
animal OR (95% CI)

age

age � 18 years 147 (55%) ref ref ref a

age , 18 years 121 (45%) 1.5 (0.95 – 2.50) 0.6 (0.40 – 1.02) 1.01 (0.30 – 3.40) a

sex

male 180 (67%) ref ref ref ref

female 88 (33%) 1.05 (0.6 – 1.7) 0.9 (0.5 – 1.5) 0.8 (0.2 – 2.9) 3.1 (0.5 – 19)

presenting surveillance platform

respiratory illness 92 (34%) ref ref ref ref

meningoencephalitis 176 (66%) 6 (3.4 – 10.5) 0.14 (0.08 – 0.30) 1.4 (0.4 – 5.4) 0.12 (0.01 – 1.14)

season

rainy (July – October) 26 (10%) ref ref ref ref

summer (March – June) 79 (29%) 15 (1.8 – 112) 0.7 (0.3 – 1.8) 0.2 (0.04 – 1.04) 0.15 (0.01 – 1.80)

winter (November – February) 163 (61%) 70 (9.2 – 530) 0.14 (0.05 – 0.30) 0.13 (0.03 – 0.60) 0.15 (0.02 – 1.10)
aAnalysis not done as all patients with wild animal contact were aged 18 years or over.

royalsocietypublishing.org/journal/rstb
Phil.Trans.R.Soc.B

374:20190019

6

potential zoonotic exposures lacked a laboratory diagnosed

aetiology for their illness. Samples from acutely ill patients

without a known diagnosis and with high-risk exposures to

animals would be good targets for detection of emerging

pathogens by next-generation sequencing.

Our experience implementing human-focused surveillance

for zoonotic exposures also brings to light the complexities

in selecting surveillance sites, designing screening criteria

and approaching diagnostics and pathogen identification

and how the choices made in each of these areas affect the

surveillance platform.
(a) Selection of surveillance sites
Hospitals serve as the surveillance sites in the zoonotic

exposure surveillance system in Bangladesh. Hospital catch-

ment areas are large, allowing for surveillance of a sizable

population using a single accessible location where resources

can be concentrated. Hospitals offer pre-existing resources:

in this case, the overarching meningoencephalitis and respir-

atory disease surveillance systems, trained staff able to collect

and handle human specimens and network connections

required for uploading data.

Despite these benefits, the selection of hospitals as

surveillance sites may not be the ideal solution for the detection

of emerging zoonotic infectious diseases. Accessibility to

healthcare is a major problem throughout South Asia, includ-

ing Bangladesh [29]. The difficulties of poor populations

reaching hospitals include limited geographical accessibility

as well as substantial financial barriers [30]. Models using

healthcare utilization data collected from the catchment areas

of the same surveillance hospitals in Bangladesh presented

here showed that case detection probabilities decrease steeply

as distance from the hospital site increases [31] and that hospi-

tal-based surveillance misses nearly half of all Nipah outbreaks

[32]. Finally, the selection of hospitals as surveillance sites and
the requirement that patients be admitted to meet the case defi-

nition likely biases our system to detect more severe disease, as

patients with more mild illnesses either do not come to

hospitals or do not require admission.

Imbedding surveillance at a more local level, such as vil-

lages or popular market areas, may improve a surveillance

system’s ability to reach poor, rural populations at high risk

for zoonotic infections. However, the use of more local sites

would increase the surveillance costs by increasing the

number of screening sites required to cover the same popu-

lation, the number of samples collected, the number of

required staff to lead case finding and to collect samples

and the logistical complexity and costs of sample transport.
(b) Designing zoonotic exposure screening
The zoonotic screening questions implemented in Banglade-

shi hospitals focus the system on the highest risk cases for

spillover zoonotic pathogens, allocating the finite resources

available for transportation and testing to, presumably, the

highest yield samples. However, our methodology of initial

screening for respiratory infection or meningoencephalitis

followed by screening for risk of zoonotic exposures has an

unknown sensitivity and specificity for identifying patients

with high-risk zoonotic exposures.

Because of our selected screening criteria, the system in

Bangladesh does not detect patients with potential zoonotic

exposures who are not hospitalized or who present with

initial symptoms that are not respiratory or neurologic. Our

system, which focuses more on wild animal contact and path-

ways elucidated in NiV transmission, may miss zoonotic

diseases like rabies and hantavirus that can be transmitted

by more varied contact with domestic animals than those

covered by our screening assessment.

The goal of maximizing the sensitivity and specificity of

screening methodology for zoonotic spillover disease is



Table 2. Factors associated with mortality among hospitalized patients with recent potential zoonotic exposures. OR, odds ratio; CI, confidence interval; ref,
reference.

characteristics deaths (%) (n 5 42) OR (95% CI)

age

�18 years 17 (40%) ref —

,18 years 25 (60%) 2.1 1.1 – 4.0

gender

male 27 (64%) ref —

female 15 (36%) 1.2 0.6 – 2.3

presenting surveillance platform

respiratory illness 2 (5%) ref —

meningoencephalitis 40 (95%) 13.2 3.1 – 56

date palm sap consumption

no 11 (26%) ref —

yes 31 (74%) 2.8 1.4 – 5.6

volume of sap consumed per session

0 ml (none) 11 (26%) ref —

�125 ml (half glass) 15 (36%) 2.7 1.2 – 6.3

250 ml (one glass) 15 (36%) 3.2 1.4 – 7.5

.250 ml (2 or more glasses) 1 (2%) 1.2 0.15 – 11.2

frequency of sap consumption

none 11 (26%) ref —

1 – 5 sessions 27 (64%) 2.5 1.2 – 5.3

.5 sessions 4 (10%) 13.7 2.7 – 69.2

contact with sick domestic animal

no 36 (86%) ref —

yes 6 (14%) 0.2 0.08 – 0.52

bitten/scratched by wild animal

no 38 (90%) ref —

yes 4 (10%) 3.3 0.9 – 11.8
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hampered owing to the difficulty in collecting data to assess

and improve the system. Zoonotic spillover is a rare event

[33] and the failure of a system to detect cases does not

necessarily mean that the surveillance system is faulty.

Despite this difficulty, we have been able to detect and fix

potential shortcomings within the system. During the first

weeks of piloting, for example, we noted that very few

patients reported contact with rodents, which seemed incon-

gruous with the village settings. Using qualitative interviews,

we were able to identify that patients did not consider

rodents wild animals and were not identifying these inter-

actions. Because our platform is electronically administered,

corrections and additions to screening questionnaires can

easily be rolled out across the platform, and examples of

wild animals, including rodents, were added to the screening

questions. This oversight would have led the system to miss a

major potential reservoir [34].
(c) Diagnostics and pathogen detection
Our hospital-based surveillance of potential zoonotic

exposures uses logistic and testing pipelines already
established for ongoing surveillance platforms. While this

allows us to reduce costs, it does mean that our system is

tied to initial diagnostic strategies that might not always be

ideal for evaluating patients with potential zoonotic

diseases. Patients in our system who remained without a

diagnosis in initial testing may have received a diagnosis if

our platform tested for diseases like rabies or tested all

patients presenting with respiratory illness for a wider var-

iety of respiratory pathogens, including bacterial infections.

In the absence of a known diagnosis, our plans for detec-

tion of potential unknown pathogens rely on next-generation

sequencing. Our ability to detect pathogens will depend on

the natural history of the zoonotic disease, the severity of

the case, the presence of the pathogen in the samples col-

lected and the window when the pathogen can be detected

in the respective sample. Our ability to detect pathogens by

next-generation sequencing will therefore vary for different

pathogens: for example, while severe Ebola cases have a

long duration of viraemia, the duration of viraemia varies

based on disease severity [35], Zika viraemia weans compara-

tively quickly and at variable rates in different bodily fluids

[36–38], and PCR evidence from a recent NiV outbreak
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suggests that virus is not detected in all samples and may be

negative altogether in suspected cases [39].

Since sequencing was not readily available onsite during

the surveillance period, laboratory evaluation for pathogen

identification required transportation of samples and sub-

stantial lag times after case presentation. The availability of

readily available and reliable sequencing would greatly

reduce the barriers to testing samples, decrease the time

between sample collection and testing and, if specific

therapies were available, potentially allow results to direct

clinical care. While there have been strides in portable

sequencing devices that could allow for the implementation

of sequencing at field screening locations in resource-poor

locations [40,41], these solutions continue to be plagued by

high input requirements, expense and error rates [10].

In the ideal setting, a human zoonotic detection platform

would consist of collecting a wide variety of samples at varying

times over the duration of illness, including early in the disease

course. Testing would consist of cheap and rapid tests for the

most common causes of illness, with follow-up testing on nega-

tive cases with portable sequencing technology deployed in the

field. These solutions would maximize yield from diagnostic

samples, simplify logistics and allow for more rapid detection.

(d) Financing zoonotic disease surveillance
Finally, and separate from the scientific questions, difficulties

in determining responsibility for financing surveillance as

well as sustaining funding are a substantial barrier to the

deployment of zoonotic exposure surveillance. As a corner-

stone of detecting and preventing potential pandemics,

zoonotic disease surveillance serves a global benefit. While

potential funding approaches have been suggested elsewhere

[9], in the case of hospitals in Bangladesh, we were able to

keep costs low by adding zoonotic screening to already run-

ning surveillance systems, using the same hospital sites,
logistics, staff and initial diagnostic testing of pre-existing

platforms. While this may not be feasible in all locations,

our experience may offer a cost-effective roadmap to imple-

menting zoonotic disease surveillance where functioning

baseline surveillance already exists.
5. Conclusion
The example of the zoonotic exposure surveillance platform in

Bangladesh demonstrates that hospital-based surveillance for

zoonotic exposures in humans can be built on existing surveil-

lance architecture. The integration of human surveillance of

zoonotic exposures, along with animal-based surveillance,

digital epidemiology and advances in real-time sequencing

are part of a unified approach to detecting zoonotic spillover

disease [10]. Implementation of human surveillance for zoono-

tic exposures could play an important future role in the early

detection of zoonotic spillover diseases.
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