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Abstract: Human Nipah virus (NiV) infection, often fatal in Bangladesh, is primarily transmitted by drinking
raw date palm sap contaminated by Pteropus bats. We assessed the impact of a behavior change communication
intervention on reducing consumption of potentially NiV-contaminated raw sap. During the 2012-2014 sap
harvesting seasons, we implemented interventions in two areas and compared results with a control area. In
one area, we disseminated a “do not drink raw sap” message and, in the other area, encouraged only drinking
sap if it had been protected from bat contamination by a barrier (“only safe sap”). Post-intervention, 40%
more respondents in both intervention areas reported knowing about a disease contracted through raw sap
consumption compared with control. Reported raw sap consumption decreased in all areas. The reductions in
the intervention areas were not significantly greater compared to the control. Respondents directly exposed to
the “only safe sap” message were more likely to report consuming raw sap from a protected source than those
with no exposure (25 vs. 15%, OR 2.0, 95% CI 1.5-2.6, P < 0.001). While the intervention increased
knowledge in both intervention areas, the “only safe sap” intervention reduced exposure to potentially NiV-

contaminated sap and should be considered for future dissemination.
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INTRODUCTION

Zoonotic infections can kill people, spread globally and
have a devastating social and economic impact on affected
regions (Dawood et al. 2012; WHO 2016). Intervention
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strategies aimed at interrupting spillover of zoonotic
infections could reduce the risk of disease occurrence and
its consequences.

Nipah virus (NiV) infection, a zoonotic disease trans-
mitted from infected Pteropus bats to humans, is often fatal
and can cause neurological sequelae among survivors
(Chua et al. 1999; Reynes et al. 2005; Wacharapluesadee
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et al. 2005; Sejvar et al. 2007). Since 2001, NiV outbreaks
have been identified almost every year in Bangladesh (Luby
2013). People in Bangladesh most commonly acquire NiV
from drinking bat-contaminated raw date palm sap (Luby
et al. 2006; Rahman et al. 2012; Hegde et al. 2016). Once a
person is infected with NiV, they can transmit it to other
people (Gurley et al. 2007; Homaira et al. 2010; Sazzad et al.
2013).

In Bangladesh, date palm sap harvesters, locally called
gachhis, collect raw sap during cold months, from
November to March, by shaving the bark of the tree and
hanging a pot to collect sap overnight (Nahar et al. 2010).
In 2009, the Government of Bangladesh began discouraging
people from drinking raw sap to prevent NiV.

Traditionally, gachhis occasionally used skirt-like bar-
riers called banas to cover the shaved area, the sap flow and
the collection pot to stop bats, rodents, birds and insects
from accessing the sap (Nahar et al. 2010). Banas can
interrupt bats’ access to the sap, potentially preventing NiV
spillover, and were acceptable to gachhis when promoted
(Khan et al. 2012; Nahar et al. 2013, 2014). Some people
reported stopping drinking raw sap after they learned about
NiV (Sultana et al. 2013). To reduce the risk of NiV
transmission, we implemented a behavior change inter-
vention in two areas, promoting not drinking raw sap in
one area and encouraging drinking only bana-protected sap
in the second area. This study assessed the impact of these

interventions.

METHODS

Study Sites

We selected three NiV-affected districts—Rajbari and
Faridpur for the interventions and Kushtia as a control.

These three neighboring districts have similar population
density, household size and literacy rate (Table 1) (BBS
2012). Date palm sap is harvested and consumed raw in
these districts. From each district, we selected two adjacent
sub-districts that did not share borders with the other
intervention and control districts (Nahar et al. 2015). From
Faridpur, we excluded 145 hard to reach villages located in
river islands because they had no gachhis and no electricity,
and could not run TV public service announcements, an
important component of our intervention. Our study sub-
districts included 342 villages in Rajbari, 381 in Faridpur
and 276 in Kushtia. The approximate population of these
sub-districts were 361,000 in Rajbari, 335,000 in Faridpur
and 530,000 in Kushtia (BBS 2012).

Study Design

We assessed two different community-based behavior
change communication messages to improve knowledge
about NiV and ultimately change behavior. In Rajbari
district, we disseminated a “no raw sap” message for two
seasons, discouraging community residents from drinking
raw date palm sap (Fig. 1). Because we were delayed in
securing Government of Bangladesh approval, in Faridpur
district we disseminated an “only safe sap” message for
only the second season. This message targeted community
residents and gachhis, discouraging drinking raw sap but
offering the option of drinking bana-protected sap. In both
(NGOs)
implemented the intervention by convening meetings and

areas, local non-governmental organizations
placing posters with key messages in public places with
heavy traffic of people (Table 2). We broadcast televised
public service announcements on closed-circuit local tele-
vision, reaching both intervention areas exclusively, about
five times daily, during the intervention period. Residents

Table 1.

Demographic Characteristics of the “No Raw Sap” and the “Only Safe Sap” Intervention and Control Areas

Rajbari district

Faridpur district Kushtia district

Sub-districts Pangsha and Kalukhali

Area “No raw sap”
Population density (sq. km) 945
Sex ratio
Men 50%
Women 50%
Average household size 43

Literacy rate 49.8%

Nagarkanda and Sadarpur Mirpur and Bheramara

“Only safe sap” Control
871 1192
49% 50%
51% 50%
4.6 4.1
44.7% 45.3%
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Table 2. Audience, Key Messages and Targeted Behaviors for the “No Raw Sap” and “Only Safe Sap” Intervention Areas, Implemented

During 2012-2014 in Bangladesh

Area Audience Key message

Behavior

No raw sap Community

To avoid Nipah disease stop drinking

Stop drinking raw date palm sap

raw date palm sap

If you want to drink raw sap drink only

If you consume raw sap, ask if it is

To avoid Nipah disease stop drinking

Stop drinking raw date palm sap

Drink only bana-protected sap

Make sure the sap you consume
is bana-protected

Only safe sap Community
raw date palm sap
bana-protected sap
bana-protected sap
Gachhis

protects your community from the

Protecting palm sap trees with banas

Use banas on those trees used for

raw sap COIlSuIllptiOI‘l

deadly Nipah disease

in both intervention areas had similar access to television
and other communication channels used to disseminate the
campaign messages (Nahar et al. 2017).

To assess the effect of the intervention, we conducted
baseline and endline surveys using pretested standardized
questionnaires for face-to-face-interviews and observed
gachhis collecting sap and sap selling points (Fig. 1).

During the 2012-2013 sap harvesting season, the
evaluation team collected baseline survey data which asked
about consumption in the prior year from community
residents in Rajbari, the “no raw sap” area, and Kushtia,
the control area. After the survey, the intervention con-
sisted of meetings with opinion leaders and community
residents, posters and TV public service announcements,
from December 26, 2012, to March 29, 2013. During the
2013-2014 sap harvesting season, we continued with a
limited intervention, only broadcasting the public service
announcement from mid-November 2013 to January 2014
reminding residents of the risk of drinking raw sap. The
evaluation team observed gachhis collecting and selling raw
sap in the “no raw sap” intervention and control areas,
between December and February during the 20122013 and
2013-2014 seasons. We did not conduct a baseline with

gachhis in the “no raw sap” area because the message did
not target them.

Before the 2013-2014 sap harvesting season, the eval-
uation team collected baseline data among community
residents and gachhis in Faridpur, the “only safe sap” area,
and Kushtia, the control area (Fig. 1). After the survey, we
implemented the intervention from October 2013 to Jan-
uary 2014 including opinion leaders’ meetings, community
residents’ meetings, posters and public service announce-
ments. NGO workers also trained gachhis on making banas,
encouraging their use on trees which sap was collected for
raw consumption, provided stickers that gachhis could use
to identify bana-protected sap pots, and offered sweatshirts
as an incentive to use banas. Between December 2013 and
February 2014, the evaluation team visited gachhis to ob-
serve them collecting and selling sap and to assess bana
usage.

After the interventions ended in both areas, from
March 31 to April 21, 2014, the evaluation team conducted
endline surveys among community residents and gachhis
from the intervention and control areas (Fig. 1).

During baseline and endline surveys, the evaluation
team interviewed separate samples of adult men and wo-
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men (Nahar et al. 2015). They collected data on respon-
dents’ sap consumption behavior during the previous sap
collection season, their exposure to the intervention com-
munication channels and message recall from elements of
the intervention. They interviewed gachhis on their NiV
knowledge, number of trees harvested, use of banas and
raw sap selling practices.

Sample Size Calculation

Based on our previous studies (Sultana et al. 2013) (Ste-
phen P Luby, unpublished data), our intervention aimed
for a 15% absolute reduction in proportion of people
reporting raw sap consumption in the intervention areas,
compared to the control area. For a difference in difference
analysis, we calculated the desired sample size as 372 men
and 372 women from 75 villages per area, per survey. We
followed a probability proportionate to size sampling
procedure, using 2011 census information on total popu-
lation per village, to select villages from each area. From
each village, we selected independent samples of men from
six households and women from six other households,
targeting 450 households per gender per area, allowing for a
15% refusal rate. We followed the same procedure for
baseline and endline sampling.

To measure changes in gachhi behavior, targeting a
15% absolute increase in reported bana usage between the
intervention and control groups in a difference in differ-
ence analysis, we calculated the desired sample size as 53
gachhis (from 27 villages) in the intervention and control
areas. Since the evaluation team would have already visited
75 villages during the community surveys, we increased the
sample to 150, two gachhis per village, per area per year.

The evaluation team asked community respondents to
identify gachhis in their village and listed their names,
phone numbers and household locations. The evaluation
team used a Kish grid (Kish 1949), to select gachhis at
random for interviews.

Observational Data Collection

Every two weeks, the evaluation team conducted observa-
tions in at least five different sites in the intervention and
control areas, randomly selecting 10 gachhis per area, from
the initial gachhi list. They observed their activity between
5:25 and 9:45 am, when they collected and sold raw sap,
stopping when gachhis sold all their sap or started making

molasses. They observed and recorded the number of trees
harvested, trees covered by banas, amount of raw sap col-
lected and consumed and the number of persons who
consumed or purchased raw sap to take home. They esti-
mated the amount of sap collected and consumed by
observing the size of the pots and consulting with the
gachhis.

Data Analysis

We compared respondents’ knowledge about NiV and sap
harvesting and consumption practices between baseline and
endline surveys. We assessed the relationship between
intervention exposure and behavioral outcomes using a
logistic regression model calculating odds ratios (OR). We
adjusted for clustering within villages when calculating 95%
confidence limits and P values. We used difference in dif-
ference analysis to compare changes from baseline to
endline between the control and intervention groups.

Using the observation data, we calculated the median
amount of raw sap collected and consumed; the mean
number of people who consumed and purchased raw sap;
and the proportion of observations during which at least
one person consumed raw sap. We used difference in dif-
ference analysis to understand the changes in observed
behavior among the control and the “no raw sap” inter-
vention groups, from the 2012-2013 to the 2013-2014 sap
season. We calculated the proportion of gachhis using banas
and selling bana-protected sap for raw consumption, to
understand the effect of the “only safe sap” intervention on
bana usage.

RESULTS

The evaluation team interviewed a total of 6220 commu-
nity residents and 665 gachhis during baseline and endline
surveys.

Knowledge About the Disease

Post-intervention 40% more respondents in both inter-
vention areas reported knowing about a disease contracted
through raw sap consumption compared with control. This
increase was markedly higher in the intervention areas than
in the control area. A larger proportion of gachhis reported
knowing about NiV than community residents, both at
baseline and endline (Table 3).
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Table 3.

Reported Community’s and gachhis Knowledge of Nipah, at Baseline and Endline, from the “No Raw Sap” and “Only Safe
Sap” Intervention and Control Areas, Bangladesh 2012-2014

Heard about a disease associated with Intervention area

Control area

date palm sap consumption and bats
n (%)

n (%)

n (%)

n (%)

Difference in
difference analysis
[95% CI]

“No raw sap” intervention and control areas, community
Baseline 2012°

Endline 2014

Baseline 20127

Endline 2014

N =892 N =897 N =885 N =896
A disease that people can get from 322 (36) 688 (77)'T 339 (38) 279 (31)F (48) 717
drinking raw date palm sap [38, 57]
A disease that can be transmitted from 176 (20) 541 (60)TT 133 (15) 181 (20)" (35)17T
bats to people [27, 43]
Heard of Nipah disease 47 (5) 276 (31)'Tt 42 (5) 58 (6) (24)T17
(19, 28]
“Only safe sap” intervention and control areas, community
Baseline 2013* Endline 2014 Baseline 2013* Endline 2014
N =879 N =879 N = 892 N = 896
A disease that people can get from 405 (46) 667 (76)1T1 371 (42) 279 (31)F (40) 71T
drinking raw date palm sap [30, 49]
A disease that can be transmitted from 338 (39) 620 (7)1t 217 (24) 181 (20) (36) 717
bats to people [26, 45]
Heard of Nipah disease 97 (11) 307 (35)FT1 77 (9) 58 (6) (26) 717
120, 31]
“Only safe sap” intervention and control areas, gachhis
Baseline 2013* Endline 2014 Baseline 2013* Endline 2014
N =110 N =150 N =105 N =150
A disease that people can get from 57 (52) 135 (90) 17 56 (53) 61 (41) (50) 17
drinking raw date palm sap [35, 66]
A disease that can be transmitted from 50 (45) 135 (90) 17 50 (48) 67 (45) (47)t17
bats to people [31, 63]
Heard of Nipah disease 10 (9) 113 (75)"7" 24 (23) 24 (16) (73)"71
[59, 86]

All P values were cluster adjusted

P value was calculated by comparing baseline 2012 data with endline 2014 data

# P value was calculated by comparing baseline 2013 data with endline 2014 data

T P value < 0.05, 7" P value < 0.01, 7" P value < 0.001

Community Practices in the “No Raw Sap” Area

Reported raw sap consumption decreased markedly be-
tween the 2012 baseline and 2014 endline, from 43 to 18%,
among residents of the “no raw sap” area, and from 57 to
40%, among residents of the control area (Table 4). The
reduction in the intervention area was not significantly
larger than in the control (—=7%, 95% CI —15, 1%,
P = 0.07). Reported raw sap purchasing from local gachhis
and tree owners declined from 34 to 18% in the interven-
tion area, a decline that was not significantly larger than in
the control (—11%, 95% CI —22, 1%, P = 0.07). Reported

collection of raw sap from one’s own trees or purchasing
from market or mobile vendors for raw consumption did
not change significantly among any group.

Community Practices in the “Only Safe Sap” Area

Reported overall raw sap consumption decreased markedly,
between the 2013 baseline and the 2014 endline, from 60 to
44% among residents of the intervention area, and from 49 to
40%, in the control area. This reduction was not significantly
larger than the control (—7%, CI —14, 2%, P = 0.12). Re-
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Table 4. Reported Community Raw Sap Consumption Behavior, at Baseline and Endline, from the “No Raw Sap” and “Only Safe Sap”
Intervention and Control Areas, Bangladesh 20122014

Community sap consumption behavior Intervention area community Control area community Difference in
difference analysis
n (%) n (%) n (%) n (%) (95% CI]
“No raw sap” intervention and control areas, community
Baseline 2012° Endline 2014 Baseline 2012" Endline 2014
N =892 N =897 N =885 N = 896
Respondents’ individual raw sap consumption during previous sap harvesting season
Consumed raw sap 380 (43) 163 (18" 506 (57) 354(40) (=7)
[—15, 1]
Sources of raw sap among those who drank raw sap during previous sap harvesting season*
N =380 N =163 N = 506 N = 358
Purchased from local gachhi/ tree 130 (34) 30 (18)17F 151 (30) 89 (25) (—11)
owner [—22, 1]
Own household trees 99 (26) 40 (25) 87 (17) 55 (15) 0
Gift 91 (24) 73 (45)"17 102 (20) 126 (35)"" M
[—4, 16]
Purchased in market/ mobile vendor 65 (17) 23 (14) 192 (37) 104 (29) (4)
[—5, 14]
“Only safe sap” intervention and control areas, community
Baseline 2013" Endline 2014 Baseline 2013* Endline 2014
N =879 N =879 N =892 N =896
Respondents’ individual raw sap consumption during previous sap harvesting season
Consumed raw sap 530 (60) 391 (44)"T* 440 (49) 358 (40)'" (=7)
[—14, 2]
Consumed unprotected raw sap 515 (59) 224 (26)71T 325 (36) 260 (29)'1 (—26)"1T
[—33, —18]
Raw sap consumption behavior among those who drank raw sap during previous sap harvesting season®
N =530 N =391 N =440 N = 358
Consumed bana-protected raw sap 15 (3) 167 (43)"17 115 (26) 98 (27) (38) 117
[29, 48]
Asked at least once about bana usage 35 (7) 148 (38)"17 119 (27) 73 (20) (38) 117
before sap purchase [26, 49]
Sources of raw sap among those who drank raw sap during previous sap harvesting season*
Purchased from local gachhi/tree 206 (39) 119 (30)7 169 (38) 89 (25)"T (5)
owner [=5, 15]
Own household trees 159 (30) 116 (30) 61 (14) 55 (15) (-2)
[—11, 8]
Gift 114 (22) 107 (27)F 110 (25) 126 (35)" (—4)
[—13, 5]
Purchased in market/ mobile vendor 97 (18) 62 (17) 124 (28) 104 (29) (-3)
[
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Table 4. continued

Community sap consumption

Intervention area community

Control area community Difference in

behavior difference analysis
n (%) n (%) n (%) n (%) (95% CI]
Sap purchasing behavior among those who consumed sap from bana-protected trees
N=15 N =167 N =115 N =98
Purchased from 2 (13) 52 (31)1fT 41 (36) 26 (27) @nf
local gachhi/ tree owner [3, 50]

All P values were cluster adjusted

i Open-ended responses

Y P value was calculated by comparing baseline 2012 data with endline 2014 data

# P value was calculated by comparing baseline 2013 data with endline 2014 data

T P value < 0.05, 7T P value < 0.01, " P value < 0.001

ported consumption of unprotected sap declined in the
intervention area (59 to 26%) and the control (36 to 29%).
This decline was significantly larger in the “only safe sap”
area than in the control (—26%, 95% CI —33, —18%,
P < 0.001) (Table 4).

Restricting the analysis to residents who consumed sap,
reported consumption of bana-protected sap significantly
increased in the “only safe sap” area (3 to 43%), while it
hardly changed in the control (26 to 27%). In addition, re-
ported inquiries about bana use before purchasing sap sig-
nificantly increased in the intervention area but decreased in
the control. Reported raw sap purchased from local gachhis
significantly declined in the “only safe sap” intervention (39
to 30%) and control (38 to 25%) areas. However, reported
buying sap from local gachhis increased among residents who
reported consuming bana-protected sap (13 to 31%). This
increase was significantly larger in the intervention area than
in the control (27%, 95% CI 3, 50%, P < 0.05) (Table 4).

Gachhi-Reported Date Palm Tree Harvesting and
Bana Use

In the “only safe sap” area, between the 2013 baseline and
2014 endline, the total number of trees harvested and those
harvested for raw sap consumption significantly declined.
In the control, there were fewer harvested trees than in the
intervention area, but the number remained constant
throughout the study. The 2014 endline data suggest a
higher number of harvested trees in the “no raw sap” area
than the control (Table 5).

In the “only safe sap” area, gachhi-reported bana usage
increased from 11 to 90% between the 2013 baseline and

2014 endline. In the control, an unexpectedly high pro-
portion of gachhis reported bana use during the 2013
baseline, though it decreased during the 2014 endline (66 to
57%). The increase in the intervention area was signifi-
cantly higher than in the control (Table 5).

Observation of Protected and Unprotected Raw Sap
Consumption and Bana Usage

Comparing the 2012-2013 and the 2013-2014 sap har-
vesting seasons, in the “no raw sap” area, the observed
amount of raw sap collected increased (median 36 vs.
50 L), while it decreased in the control (median 48 vs.
14 L). The proportion of observations of at least one per-
son consuming raw sap at the gachhi’s place declined more
in the “no raw sap” area (46 to 22%) than in the control
(61 to 53%; difference in difference 95% CI —45, 14% and
P = 0.30). During the 2013-2014 sap harvesting season, the
evaluation team observed a higher number of harvested
trees in the intervention area than the control. They ob-
served a higher percentage of gachhis using banas in the
control than in intervention villages (Table 6).

Association of Exposure to the Intervention with
Raw Sap Consumption

During the 2014 endline, more respondents from the “only
safe sap” area than from the “no raw sap” area reported
direct exposure to any element of the intervention (41 vs.
30%) as well as more indirect exposure by learning from
others (36 vs. 28%) (“Appendix” of Table 11).

In the “only safe sap” area, respondents with direct
exposure to at least one intervention element were more
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Table 6. Observation of Date Palm Sap Harvesting, Consumption and Selling at gachhis’ Households, from 5.25 to 9.45 am, Until
gachhis Finished the Raw Sap Selling and/or Start Making Molasses, During the 2012-2013 and 2013-2014 Sap Harvesting Seasons

Observation findings “No raw sap”

“Only safe sap” Control

Difference in

intervention” intervention® difference analysis
of the “no raw sap”
2012-2013 2013-2014 2013-2014 2012-2013 2013-2014 and control group
sap season  sap season  sap season sap season sap season [95% CI]
N = 46 N = 46 N =48 N =36 N =38
Amount of sap (in liters) col- 36 (20, 56) 50 (40, 80) 39 (27, 60) 48 (24, 105) 14 (8, 40)TTTT T11# 49717
lected, median (IQR) [25, 73]
Number of trees harvested (ob- - 16 (12, 27) 16 (11, 24) 7 (3, 13)T 711#
served), median (IQR)®
Consumption and purchase of raw sap during observation
At least one person consumed 21 (46%) 10 (22%) 15 (31%) 22 (61%) 20 (53%) 717 # —15
raw sap during observation [—45, 14]
Gachhi who served sap for raw — 0 8 (53%) - 12 (60%) T
consumption used bana*®
Mean number of persons that 3.14 (2.22) 3.20 (2.20) 3.00 (2.83) 5.45 (3.78)”“ 2.95 (1.85) 1
consumed raw sapi (SD) [—0.5, 2.6]
(protected or unprotected)
Mean number of persons that 1.85 (1.21) 1.56 (1.33) 1.65 (0.93) 3.77 (2.98)71 225 (2.00) 14"
purchased raw sap and took it [0.3, 2.4]
home** (SD)
Amount of raw sap (in liters)  1(1, 2) 0.88 1 (0.5, 2.75) 2(1, 4) 1 (0.5, 1.75) 0.5
consumed by the people at (0.5, 1.25) [—0.3, 1.3]
gachhi’s household, median
(IQR) (people who purchased
or did not purchased)
Uses of bana on observation day
Proportion of gachhis using 2(4%) 15 (31%) _ 21(55%) % #
banas®
Proportion of trees with banas® _ 0% 7% _ 269 11T 711# _

S Items were not observed in 20122013 season

Y P value was calculated by comparing the “no raw sap” intervention area with the control area; * P value was calculated by comparing the “only safe sap”

intervention area with the control area
T P value < 0.05, 7" P value < 0.01, 7" P value < 0.001

* Denominator was the gachhis household where raw sap consumption occurred, ¥ Denominator was the gachhis household where persons purchased raw

sap and took away

likely to report consuming raw sap from a protected source
than those with no exposure (25 vs. 15%, OR 2.0, 95% CI
1.5-2.6, P < 0.001) (Table 7).
noticeable differences among respondents exposed to an

Similarly, there were

individual element and those with no exposure. Respon-
dents who attended community meetings were more likely
to report consuming raw sap (54 vs. 43% OR 1.5, 95% CI
1.0-2.3, P = 0.02) than those who did not. They were also
more likely to report consuming raw sap from a protected

source than those who did not attend community meetings
(38 vs. 16%, OR 3.1, 95% CI 2.1-4.6, P < 0.001). In
addition, respondents who saw a poster were more likely to
report consuming raw sap from a protected source than
those who did not (26 vs. 16%, OR 1.8, 95% CI 1.3-2.5,
P < 0.001). Respondents who watched the public service
announcements were more likely to report consuming raw
sap from a protected source than those who did not (27 vs.
18%, OR 1.7, 95% CI 1.0-2.7, P < 0.05) (Table 7). By
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contrast, exposure to individual elements of the “no raw
sap” intervention was not associated with reported avoid-

ance of raw sap consumption.

DiscussioN

Respondents’ knowledge of NiV transmission in both
intervention areas markedly improved, while there was no
significant change among controls. Reported raw sap con-
sumption declined in both intervention and control areas.
Reported bana usage and consumption of bana-protected
sap increased in the “only safe sap” area. Direct exposure to
the intervention was significantly associated with drinking
sap from a protected source in the “only safe sap” area.

The primary objective of the “no raw sap” intervention
area was to reduce raw sap consumption. We expected a
15% absolute reduction in the proportion of people
reporting raw sap consumption in the intervention area
and observed a 25% absolute reduction, but we also ob-
served an unexpected 17% reduction in the control; thus,
the reduction in the intervention area was not significantly
different than in the control. Our observational data found
no change in the mean number of persons consuming raw
sap at the gachhis place nor in the amount consumed,
suggesting that the decrease in the number of people
reporting sap consumption may have been due to social
desirability bias (Wood et al. 2008). We also did not find
any association between exposure to the intervention and
decline in raw sap consumption. Overall, the evaluation
does not provide compelling evidence that the “no raw
sap” message markedly reduced raw sap consumption.

In the “only safe sap” area, there was no reported or
observed reduction in raw sap consumption. However,
reported consumption of bana-protected sap, inquiring
about the use of bana prior to sap purchasing, and drinking
bana-protected sap from the local gachhi significantly in-
creased in comparison with the control. Direct exposure to
the intervention was associated with increased consump-
tion of raw sap, increased consumption of protected sap
and reduced consumption of unprotected sap.

In the “only safe sap” area, reported bana usage sig-
nificantly increased and exceeded the 15% absolute increase
projection, though observed bana usage was much lower
than that reported by gachhis. This higher reporting might
be due to social desirability bias. However, in the “only safe
sap” area, the observed proportion of gachhis using banas
during the intervention period was about three times

higher than the reported bana usage at baseline, suggesting
that bana use increased because of the intervention.

The “no raw sap” message did not achieve the ex-
pected outcome. Exposure to community meetings and
posters occurred one year prior to conducting the survey,
probably affecting recall. Although we re-broadcast the
public service announcement the second year, exposure to
it, during two seasons, was not related to behavior change.
This might be because a two-season intervention was not
enough to eliminate an existing food behavior such as
drinking raw sap. People acquire eating behaviors over a
lifetime, and changing them requires alterations in habits
with long-term interventions (Nestle et al. 1998). Although
many respondents reported ceasing drinking raw sap,
continuous intervention efforts may be required to ulti-
mately modify raw sap consumption behavior. When raw
sap is available, it might be difficult for people to abstain
from drinking it (Nahar et al. 2015). Indeed, drinking raw
sap from one’s own household trees remained constant
among intervention and control groups over time.

Even though the “only safe sap” message was dissemi-
nated for a single season, reported community and gachhi
behaviors were in line with the expected outcomes. The
intervention offered the option of continuing an existing
food behavior rather than completely eliminating a preferred
food item. The use of bana and drinking bana-protected sap
was an already existing occasional practice among some
gachhis (Nahar et al. 2010). The cultural environment and
social interaction exerts a strong influence on perceptions
about food, food choices eating behavior (Nestle et al. 1998;
Shepherd and Shepherd 2002). Thus, having the option to
drink safe sap might be more acceptable compared with
completely stopping consumption.

The “only safe sap” message is a harm reduction ap-
proach that recognizes abstinence as an ideal outcome but
accepts alternatives that reduce harm (Marlatt 1996). These
approaches have proven useful for reducing other public
health risks, such as HIV transmission through needle
sharing among drug users (Aspinall et al. 2014). Harm
reduction studies demonstrate that modest changes to
behaviors are easier to achieve than more substantive
changes (Luby et al. 2005; Plautz and Meekers 2007; Kirby
2008). We know that some people drink raw sap even after
learning about the risk of NiV (Nahar et al. 2015). Asking
them to drink only safe sap is less demanding than asking
them to stop drinking sap altogether. It also targeted
gachhis who are the source of sap and could be held
responsible for NiV transmission, giving them a safe option
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to provide sap. Thus, disseminating an “only safe sap”
message may be a more pragmatic strategy to reduce the
risk of NiV transmission.

Our study has limitations. Neither the community nor
our evaluators were blinded to the intervention. Our pri-
mary outcome was measured through reported behavior.
Although social desirability bias may have induced respon-
dents to underreport their sap consumption practice and
over-report bana usage (Wood et al. 2008), there is little
reason to expect more social desirability bias in the “only safe
sap” than in the “no raw sap” area. To interpret our reported
data, we looked at changes in knowledge and observation
data, though the number of observed outlets was small and
the presence of our observer might have altered some
behavior. Nevertheless, the association between exposure to
specific elements of the intervention and reported safe sap
behaviors suggests behavior change resulted from the “only
safe sap” message but not from the “no raw sap” message.

Our intervention and control areas were not compa-
rable in terms of number of date palm trees harvested and
preexisting behaviors related to bana usage. The constraints
of a mass media intervention trial requiring large units of
intervention make balance more difficult to achieve than a
trial with many smaller units of intervention that permits
random assignment. Without any intervention, raw sap
consumption decreased among community respondents in
the control area, and this decline remains unexplained.
There might be other characteristics specific to the districts
that contributed to different practices in different years,
rather than the intervention. Further research to better
explicate year-to-year variability in sap consumption
practices, which may be related to weather, sap harvest
productivity, competing employment opportunities for
gachhis or other factors, may help and guide future inter-
ventions and evaluations. Nevertheless, the changes in the
“only safe sap” area likely resulted from the intervention,
because of the association between exposure and behaviors
and the significant changes identified in the difference in
difference analysis between intervention and control groups
on a number of outcomes. The control districts provided a
useful counterfactual illustrating underlying variability and
supporting a more conservative interpretation than a de-
sign that would have only looked at baseline and endline.

We did not fully understand why a high proportion of
gachhis from the control area used bana at baseline and
endline. Perhaps, since gachhis from the control area har-
vested a small number of trees, they have less work related to
tree harvesting and more time to make banas. In our earlier

work, even without intervention, some gachhis reported to
occasionally using banas to collect more, cleaner sap (Nahar
et al. 2010, 2014). Other gachhis recalled their previous
experience seeing colleagues using banas more frequently
when harvesting fewer trees (Nahar et al. 2010, 2014). In the
“only safe sap” area, the proportion of gachhis that used
banas increased, thus increasing their workload, which may
have resulted in the significant decline in the number of
harvested trees after the intervention. Better understanding
of control area gachhis’ motivation to use banas without any
intervention might provide useful insights to support the
expansion of this intervention strategy.

Our measurements were unable to confirm if people
reporting drinking protected sap, actually consumed pro-
tected sap. Their ability to reliably assess whether the sap
was bana-protected or not likely depends on how well they
know the gachhi. Future studies could investigate the effect
of the message to ask for bana-protected sap from local
gachhis (Table 2) and to observe actual use of banas.

The “only safe sap” message resulted in changes in
reported behavior that may reduce the risk of NiV spil-
lovers; thus, this intervention could be further promoted
and evaluated. Prospective efforts to track raw sap con-
sumption practices, and explore year-to-year variation in
Bangladesh, would be particularly useful to guide govern-
ment policy.
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APPENDIX

See Tables 8, 9, 10 and 11.

Table 8. Reported Community and gachhi Exposure to Information about NiV at Baseline and Endline from the “No Raw Sap” and
“Only Safe Sap” Intervention and Control Areas, Bangladesh 2012 to 2014

Characteristics Intervention area community

Control area community

n (%) n (%)

n (%)

n (%)

Difference in difference analysis
[95% CI]

“No raw sap” intervention and control areas community
Baseline 2012 Endline 2014

Baseline 20127

Endline 2014

N =892 N = 897 N =885 N = 896
First time heard about a disease associated with date palm sap consumption and bats
This year 22 (2) 74 (8)'11 13 (1) 61 (7)1 0
One year back 102 (11) 237 (26) 11T 149 (17) 94 (10)'7 (21)777
[15, 28]
Two or more years back 247 (28) 418 (47)717 219 (25) 193 (22) (22)777
[14, 30]
“Only safe sap” intervention and control areas community
Baseline 2013* Endline 2014 Baseline 2013* Endline 2014
N =879 N =879 N =892 N = 896
First time heard about a disease associated with date palm sap consumption and bats
This year 126 (14) 405 (46)"1T 113 (13) 61 (7)™ (38)T
(30, 45]
One year back 140 (16) 182 (21)fft 145 (16) 94 (10)'1 (10)*"
(4, 17]
Two or more years back 235 (27) 124 (14)T77 170 (19) 193 (22) (—16)"T
[—23, —8]
“Only safe sap” intervention and control areas gachhi
Baseline 2013* Endline 2014 Baseline 2013* Endline 2014
N =110 N =150 N =105 N =150
This year 18 (16) 81 (54)TT 22 (21) 15 (10)" (49)"T
[34, 63]
One year back 10 (9) 38 (25)7 20 (19) 34 (23) (12)
[—1, 26]
Two or more years back 35 (32) 23 (15)" 26 (25) 42 (28) (—19)ff
[—34, —4]

All P values were cluster adjusted

1 P value was calculated by comparing baseline 2012 data with endline 2014 data; * P value was calculated by comparing baseline 2013 data with endline

2014 data
TP value < 0.05, 7 P value < 0.01, 7" P value < 0.001
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Table 10. Observation of Date Palm Sap Harvesting, Consumption and Selling at gachhis’ Households at 5.25-9.45 am Until gachhis
Finished the Raw Sap Selling and/or Start Making Molasses During 2012-2013 and 2013-2014 Sap Harvesting Seasons

Observation findings 2012-2013 sap season 2013-2014 sap season
“No raw sap” Control area “No raw sap” “Only safe sap” Control area
intervention area intervention area’ intervention area”
N =46 N =36 N =46 N =48 N =38
Amount of sap (in liters) used for 40 (32, 62) 23 (0, 71) 50 (37, 80) 32 (19, 53) 5 (0, 14) T T71#

molasses, median (IQR)

Persons purchased raw sap and took it home for household use during observation

oy
o

At least one person purchased raw sap 13 (28%) 22 (61%) 9 (20%) 20 (42%) 12 (32%)
and took away to home
Gachhi who sold raw sap for house- 1 (11%) 10 (50%) 6 (50%)

hold use used bana®*

Amount of raw sap (in liters) bought 15 (6, 16) 17 (8, 24) 10 (8, 10) 15 (9, 20) 10 (6, 14)
and brought home, median (IQR)
(among who purchased raw sap)

§ Items were not observed in 20122013 season

Y P value was calculated by comparing the “no raw sap” intervention area with the control area; * P value was calculated by comparing the “only safe sap”
intervention area with the control area

T P value < 0.05, 7" P value < 0.01, 7" P value < 0.001

¥ Denominator was the gachhis household where persons purchased raw sap and took away

Table 11. Endline Data on Community Respondents’ Exposure to Nipah Prevention Intervention During 2012-2013 and 2013-2014
Sap Seasons from the “No Raw Sap” and the “Only Safe Sap” Intervention Area, Bangladesh

Exposure to interventions Intervention community endline
No raw sap Only safe sap
N =897 N =879
n (%) n (%)
Attended community meeting 90 (10) 105 (12)
Saw a poster 190 (21) 272 (31)
Saw TV public service announcement 99 (11) 109 (12)
Directly exposed to any communication channel (community meeting 268 (30) 361 (41)
or poster or TV public service announcement)
Indirectly exposed to the new information through word of the mouth 248(28) 321(37)
(no direct exposure to community meeting or poster or TV public
service announcement)
REFERENCES BBS (2012) Population and Housing Census 2011, Dhaka, Ban-

gladesh: Bangladesh Bureau of Statistics (BBS), Statistics and
Asoinall EJ. Nambiar D. Goldbere DI. Hick M. Weir AV Informatics Division, Ministry of Planning
spinall EJ, Nambiar D, Goldberg D], Hickman M, ar A, van Chua KB, Goh K], Wong KT, Kamarulzaman A, Tan PS, Ksiazek
Velzen E, Palmateer N, Doyle JS, Hellard ME, Hutchinson SJ . .
TG, Zaki SR, Paul G, Lam SK, Tan CT (1999) Fatal encephalitis
due to Nipah virus among pig-farmers in Malaysia. Lancet
354:1257-1259

(2014) Are needle and syringe programmes associated with a
reduction in HIV transmission among people who inject drugs:
a systematic review and meta-analysis. Int J Epidemiol 43:235—
248
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