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Abstract. Antimicrobial-resistant (AMR) bacteria are prevalent in household and environmental settings in low-income
locations. However, there are limited data on individuals’ understanding of AMR bacteria exposure risks in these settings.
A cross-sectional study was conducted to identify individual risk perception of AMR bacteria and its associated behavioral
determinants at the household level in urban, peri-urban, and rural Malawi. We conducted interviews with 529 participants
from 300 households (n 5 100 households/site). The risk, attitude, norms, ability, and self-regulation model was used to
assess psychosocial factors underlying AMR bacteria exposure through animal feces, river water, and drain water. Anal-
ysis of variance was used to assess the difference between doers and non-doers of the three targeted behaviors: use
and contact with river water, contact with drain water, and contact with animal feces. There was limited understanding
regarding human–environmental interactions facilitating AMR bacteria transmission across all sites, and as such, the
perceived risk of contracting AMR infection was low (41%; P 5 0.189). Human contact with animal feces was seen as
risky (64%) compared with contact with river and drain water (17%). Urban participants perceived that they were
at greater risk of AMR bacteria exposure than their rural counterparts (P 5 0.001). The perception of social norms was
favorable for the targeted behaviors (P 5 0.001), as well as self-reported attitude and ability estimates (self-efficacy;
P 5 0.023), thus indicating the role of psychosocial factors influencing the human–environment interaction in AMR
bacteria transmission. Our findings underscore the need for combined infrastructural improvements and behavior-
centered AMR bacteria education to drive behavioral changes, benefiting both AMR infection mitigation and broader
One Health initiatives.

INTRODUCTION

Antimicrobial resistance (AMR) constitutes one of the most
serious global public health threats of the twenty-first cen-
tury.1,2 Globally, an estimated 4.95 million people die annually
because medicines have become ineffective against diseases
that were previously treatable. This accounts for 27.3 deaths
per 100,000 in sub-Saharan Africa.3 With increasing evidence
that environmental factors are accelerating the proliferation
and spread of AMR bacteria,4 particularly in low- and middle-
income settings,5 there has been global recognition6 that a
whole-system One Health Approach is needed to address
AMR infection.
Recent studies across low and middle income countries

(LMICs) have identified environmental pathways by which
humans may be exposed to AMR bacteria,7–9 all of which
highlight the invaluable role environmental health interven-
tions can play in the prevention and control of AMR bacteria
transmission among humans, animals, and the environment.
Evidence from these studies has revealed a link among

the environment, animals, and human exposure to AMR bac-
teria. Most recently, studies conducted in Malawi have con-
firmed a high prevalence of AMR bacteria in surface water
and human and animal feces.7,8 All these routes are com-
monly associated with the transmission of infectious dis-
eases.10 It is widely understood that infrastructure alone
cannot resolve these complex One Health challenges and

that we therefore need to understand the determinants that
drive human behavior and risk in these settings to ensure
interventions are context-appropriate, effective, and, when
possible, sustainable. However, there has been no reported
research undertaken to understand how people living within
these high-risk environments perceive their risk of exposure
to AMR bacteria from their day-to-day interactions, including
behaviors and behavioral determinants that bring people
into contact with high-risk areas of the environment. If we
are to develop effective interventions that not only address
AMR bacteria exposure but also provide other social bene-
fits, then we need to understand whether the behavioral
determinants associated with AMR bacteria exposure and
their pathways may differ from those of standard environ-
mental health interventions.
With this in mind, we conducted a cross-sectional study

using the risks, attitudes, norms, abilities, and self-regulation
(RANAS) model11 to explore the perception of risk to AMR bac-
terial infections from environmental pathways (drain water, river
water, and animal feces) and to establish the behavioral (i.e.,
psychosocial) factors that bring people into contact with the
environment (i.e., drain water, river water, and animal feces).
The RANAS model was used because it presents “five block”
psychosocial factors (i.e., risk factors, attitude factors, norm
factors, ability factors, and self-regulation factors) that should
be applied to understand the psychosocial factors of a particu-
lar population to determine a specific behavior. Previously, the
RANAS model has been successfully applied to understand
behavioral determinants related to water treatment, sanitation,
food hygiene, and hand-washing behaviors.12–14 This research
was site-specific and was conducted in rural, peri-urban, and
urban locations in Malawi to understand the variation across
these populations.
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MATERIALS AND METHODS

Study area.
This research was part of a large study previously described

elsewhere,15 which selected study sites representing urban,
peri-urban, and rural settings in Malawi to enable the evaluation
of variations in One Health factors, including water, sanitation,
and hygiene (WASH) behaviors. Thus, three study locations
were identified: 1) Ndirande in the Blantyre District, represent-
ing the urban setting, 2) Chileka in the Blantyre District, repre-
senting the peri-urban setting, and 3) Traditional Authority
Kasisi in the Chikwawa District, representing the rural setting.
Ndirande is a large urban settlement with high-density housing
4 km from the geographical center of Blantyre, the second city
of Malawi, where 15% (109,164) of the Blantyre population
resides.16,17 Ndirande has various surface water streams,
including the Nasolo River, which runs across the township.
Because not all residents are connected to the municipal water
system, the surface water bodies in Ndirande are used for vari-
ous purposes, including washing clothes and other household
items. In addition, the streams serve as a playing area for chil-
dren and a waste dumping site for the majority of households
because there is improper waste management.18 Ndirande has
no proper sewerage system, and latrines constructed very
close to houses are mainly used for fecal defecation. Whenever
possible, pit latrines are constructed on the edges of rivers to
allow for the easy disposal of their contents into the rivers.
Stagnant water and sewage pools are a common sight in Ndir-
ande, especially in the rainy season (i.e., November to April).
Being an urban location, the rearing of animals is on a smaller
scale compared with the peri-urban and rural study locations.7

Chileka, which is situated �15 km from the center of Blantyre,
is a peri-urban administrative ward on the northern outskirts of
Blantyre City, where access to safe water is mostly through
piped water supply and boreholes. However, shallow wells are
also present, which are mostly used for watering crops and
other domestic purposes, including washing clothes and
kitchen utensils, to a lesser extent. The rural Chikwawa Dis-
trict has a population of �450,000 and is situated in the
southern Shire Valley, and its border is 50 km from Blan-
tyre.19 Subsistence farming and the rearing of animals is
common,7 and given its low-lying situation, it is historically
prone to flooding.20 Access to improved sanitation in the
study locations is mostly through pit latrines (i.e., 37.3% in
Blantyre and 42.4% in Chikwawa).21

Study population and sampling.
In total, 600 study participants were to be recruited from

300 participating households (i.e., 100 households from
each study location). The household selection criteria of the
300 households have been reported elsewhere.15 In each
household, a maximum of two participants were recruited: 1)
female or male household members responsible for household

chores, such as preparing food, washing clothes, and taking
care of children, and 2) head of households.
Data collection.
Data collection was conducted from October to November

2020. A RANAS model-based questionnaire was used to
collect data from all the study participants to identify the
psychosocial factors associated with individual perceptions
of AMR infection risk via environmental pathways.11 The
RANAS model has been developed using psychological the-
ories.22–25 Specifically, the questionnaire, administered in
the local language (Chichewa) included closed questions
about demographics, access to safe water, and sanitation
facilities. Regarding AMR bacteria awareness, the study par-
ticipants were asked to describe what they understood about
AMR bacteria, AMR infection risk perception, psychosocial
factors about AMR bacteria exposure through drain water
and river water, and animal feces management (Table 1).
Five-point rating scale questions (ranging from “not at all” to
“very much” scale) were used to capture data on specific
RANAS variables about drain water, river water, and animal
feces. Five experienced, well-trained research assistants
who were fluent in the local language (Chichewa) collected
the data in all three study locations. The questionnaire was
pretested before data collection, which helped to eliminate
irrelevant questions, and further alteration was performed on
the key questions to improve understanding.

STATISTICAL ANALYSES

KOBO collect26 (Kobo Inc. MA, https://www.kobotoolbox.
org/about-us/) on Android tablets (Samsung Electronics,
Ridgefield Park, NJ) was used to collect the data, which
were later exported to Microsoft Excel (Microsoft Corpora-
tion, Redmond, WA) and quality checked before being
exported to Statistical Package for Social Sciences (SPSS,
IBM, Armonk, NY), where a frequency distribution of the
demographic characteristics using descriptive statistics was
plotted. In IBM SPSS version 25, the PROCESS macro for
SPSS was used to undertake all statistical tests (IBM). The
household RANAS model-based data were analyzed using
an analysis of variance (ANOVA) mean comparison analysis to
determine the differences between the doer and non-doer con-
textual and psychosocial factors for the targeted behaviors.
To measure the three targeted behaviors (i.e., contact with

drain water, use of river water, and contact with animal
feces), the study participants were asked how often they
were in contact with drain water, how often they used river
water, and how often they were in contact with animal feces.
Frequencies were measured on a five-point scale. All factors
falling at or below the mid-three-point value on a scale of one
to five were considered non-doers of the targeted behaviors,
whereas those factors greater than or equal to four were

TABLE 1
Questions on targeted behaviors

Behaviors Answer Format

Do you use river water at this household for domestic purposes (e.g., washing
utensils, watering vegetables, washing laundry, bathing, etc.)?

Not at all to very much (five-point rating scale)

Do you come in contact with drain water (e.g., when crossing a drain, using drain
water for something like washing or construction)?

Not at all to very much (five-point rating scale)

Do you directly or indirectly come into contact with animal feces? Give an example
of being in contact with animal feces indirectly (e.g., through water or utensils).

Not at all to very much (five-point rating scale)
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doers of the behavior, and the mean score for each targeted
behavior was calculated. Contact with drain water, the use of
river water, and contact with animal feces were dependent
variables, whereas behavioral factors of the RANAS model
were independent variables. A single item was used to mea-
sure perceived vulnerability of antimicrobial resistance and
other psychosocial factors were measured with multiple
items. For each targeted behavior, the significant factors
among those noted with ANOVA calculation were further
analyzed (i.e., any factor at P,0.05 using ANOVA) with effect
size, d, where Cohen’s d values were as follows: small:
#0.20, medium:#0.50, and large:$0.80.

RESULTS

Sociodemographic characteristics.
The 529 study participants from 300 recruited households

were composed of 63% females and 37% males, with an
average age of 26 years (Figure 1). It was not possible to col-
lect data from a male and a female participant in every house-
hold because of logistical challenges; men were reported as
being away from home to perform various activities for income
generation, particularly in the urban areas (Figure 1). The mean
number of residents per household across the study was 4.5,
with the urban, peri-urban, and rural sites having 4.6, 4.6, and
4.2 members per household, respectively, illustrating lim-
ited variations in household density between the regions.
Household income was mainly from subsistence farming
and small-scale business activities in all the study loca-
tions, with the majority (78%) of the households earning less
than $1.90 per day.
The primary source for drinking water in households was

from communal distribution points, including boreholes (48.7%;
n 5 153) and water kiosks (25.2%; n 5 79), or piped water,
either inside (7.6%; n 5 24) or outside (16.9%; n 5 53) the
household compound. There were regional differences in the
primary water source used, with boreholes frequented by rural
(84.3%; n5 86) or peri-urban households (56.1%; n5 60) and
municipal kiosks used by urban households (61.0%; n 5 64).
The use of unprotected wells (0.6%; n 5 2) or surface water,
such as rivers or ponds (0.3%; n5 1), for drinking was reported
in a low number of households. However, households indicated
that unprotected water sources (from the river and drains inclu-
sive) were used for other domestic purposes (urban: 9%; peri-
urban: 16%; and rural: 3%) such as washing clothes and
household utensils. Importantly, it was noted that water from

the river and drains (mostly in the rainy season) was used as an
alternative when one could not access the safe water from
boreholes or taps because of the non-functionality of the water
points. It was further reported that children play with drain water
mostly during the rainy season.
In terms of sanitation, the study locations had an overall

toilet coverage of 86%. However, the rural location had the
lowest toilet coverage (72%) compared with urban (93%) and
peri-urban (95%) locations. The findings align with high open
defecation levels observed in rural (15%) compared with
urban (7%) and peri-urban (5%) locations. Forty-two percent
of households reported sharing toileting facilities with other
households within the compound or wider community. Given
the nature of high-density housing, this practice was more
often identified at the urban site (62.1%). The study also
established that toilet facilities in urban locations were gener-
ally unhygienic, and slightly over half of them were almost
full. However, the peri-urban and rural study areas mainly
featured traditional unimproved toilets that were prone to col-
lapse during the rainy season. In terms of drainage systems,
all study areas had either no or poorly constructed drainage
infrastructure, which resulted in uneven distribution and
accumulation of surface water mostly in the rainy season.
In total, animal feces was observed in 57% of the house-

holds, with those in rural (83%) and peri-urban (56%) settings
having the highest environmental animal fecal contamination,
compared with urban settings (31%). This tallied with the pres-
ence of domestic or livestock animals observed in and around
the households, with rural (63%) and peri-urban (45%) house-
holds having animals observed in the household complex
more often than those in the urban setting (32%). Correspond-
ingly, it was reported that 58.7% of households cohabitate
with domestic or livestock animals, with 36% (n 5 36), 59%
(n 5 59), and 81% (n 5 81) of households in the urban, peri-
urban, and rural sites owning$1 animal.
Knowledge and AMR infection risk perception.
Fifty-three percent of the study participants from the three

study locations were aware of AMR bacteria, and the level of
knowledge did not differ significantly among the three study
locations (P 5 0.063) and study participants (male versus
female: P5 0.061). Most of the study participants (76%) who
demonstrated knowledge about AMR bacteria were aware of
individuals who had been diagnosed with an AMR bacteria-
related infection. With this in mind, the study established that
fewer than one-third of participants (29%) who had demon-
strated knowledge about AMR infection perceived themselves

FIGURE 1. Distribution of study participants according to location and sex. HH5 household; H-hh5 head of household; Caregiv5 caregiver.
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to be at risk of an AMR bacteria-related infection. There was a
slightly higher perception of risk in urban compared with rural
areas (i.e., urban5 44%, peri-urban5 36%, and rural5 20%).
Female study participants felt that they were at greater risk
of AMR infection compared with their male counterparts
(P 5 0.001). Most respondents (64%) associated the risk of
AMR infection transmission with direct exposure to human
and animal feces. Very few respondents (17%) identified indi-
rect exposure through drain and river water as areas of risk
in the transmission of AMR bacteria at the household level
(Figure 2). However, the study participants expressed limited
knowledge of how being in contact with or using drain and
river water facilitated the transmission of AMR bacteria.
When asked whom they perceive to be at high risk of AMR

infection transmission, the study participants in all study
locations referred to the youth (mainly in the adolescent age
range) and children younger than five years as the most vul-
nerable groups (Figure 3). The participants perceived that
the young children and youth’s immunity is still under devel-
opment; hence, they believe that children and youth are
exposed to AMR infections.
Psychosocial factors.
Risk, attitude, norms, abilities, and self-regulation model-

based questions were asked to understand psychosocial

factors that contributed to study participants being exposed
to AMR bacteria through the use of river water, contact with
drain water, and contact with animal feces.
Use of river water for domestic purposes. On the per-

ceived risk of being exposed to AMR bacteria through the
use of river water for domestic purposes, the “doers” were
those participants who perceived no risk of AMR infection
when they used river water for household activities (i.e.,
bathing, washing clothes, and kitchen utensils). In contrast,
the “non-doers” were those who perceived a risk of being
exposed to AMR bacteria when they used river water for
household activities (i.e., bathing, washing clothes, and
kitchen utensils). Overall, the study found that all five behav-
ioral factors were important when considering the use of
river water at the household level as a risk to AMR bacteria
exposure; norm factors (i.e., others’ behaviors [relative],
others’ behaviors [neighbor], others’ approval, personal obli-
gation, ability factors [i.e., confidence in performance, confi-
dence in performance (hurry)], and self-regulation factors
[i.e., attention, importance, and commitment]) significantly
differed between the “doers” and “non-doers” in all three
study settings (Table 2). This implies that the “doers” per-
ceived that their relatives and neighbors used river water for
domestic purposes because they did not relate it with AMR

FIGURE 2. Perceived potential pathways for antimicrobial-resistant infection environmental transmission.

FIGURE 3. Groups perceived to be at risk of antimicrobial-resistant infection.
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infection transmission; those in authority did not perceive
any risk of being exposed to AMR bacteria when using river
water, and as such, they did not discourage others from
using river water for domestic purposes. Relatedly, the
“doers” showed more confidence in using river water when-
ever they were in a hurry and paid less attention and com-
mitment to avoiding using river water than the “non-doers.”
The time-consuming factor was found to be significant in
rural (d 5 1.1) and peri-urban (d 5 1.24) settings, where the
“doers” in rural and peri-urban locations felt that it was less
time-consuming for them to fetch water from the river for
domestic purposes. However, disgust was a significant fac-
tor for non-doers in avoiding the use of river water for domes-
tic purposes in peri-urban (d 5 0.73) and urban (d 5 0.65)
settings. When the psychosocial factors were compared
between male and female study participants, there was no
significant difference between the two groups in almost all
behavioral factors of interest (Supplemental Tables 1 and 2).
Contact with drain water. In terms of the perceived risk

of being exposed to AMR bacteria through contact with
drain water, the “doers” were those who perceived no risk of
AMR infection when they were in contact with drain water
contained in the drains located within the household or else-
where in the community. However, the “non-doers” were
those who perceived a risk of AMR infection when they were
in contact with drain water from the drains located within the
household or elsewhere in the community. The study estab-
lished that norms, such as others’ behavior (relatives) and
others’ behavior (neighbors), and ability factors, such as con-
fidence in performance (hurry), differed significantly between
“doers” and “non-doers” in all the study settings (Table 3).
This implied that the “doers” perceived that their relatives and
neighbors were more frequently in contact with drain water
compared with the “non-doers.” Further, the “doers” felt that
there were no repercussions of being in contact with drain
water than their counterparts. However, some behavioral

factors differed among the three study locations. For instance,
a medium significant effect was found in the norm factor
“others’ approval” between the “doers” and “non-doers” in
peri-urban (d 5 0.55) and urban (d 5 0.5) settings, implying
that the doers were not discouraged from being in contact
with drain water by their local leaders. Significant differences
with medium to high Cohen’s d values were found in per-
sonal obligation and confidence in performance between the
“doers” and “non-doers” in rural and peri-urban settings
(Table 3). This means that these factors should be key targets
for behavior change among doers of contact with drain
water. A comparison between male and female study partici-
pants did not show great variation in the psychosocial factors
influencing contact with drain water (Supplemental Tables 3
and 4).
Contact with animal feces. In terms of the perceived risk

of being exposed to AMR bacteria through contact with ani-
mal feces, the “doers” were the study participants who per-
ceived no risk of AMR infection when they were in contact
with animal feces. In contrast, the “non-doers” were those
who perceived a risk of AMR infection when they were in
contact with animal feces. Overall ability and self-regulation
factors appeared to be the most significant in terms of beha-
viors around contact with animal feces in relation to AMR
bacteria exposure.
There was a significant difference between the “doers”

and “non-doers” in relation to confidence in performance
(hurry) across all three study settings (Table 4). This implies
that the “doers” did not try to reduce contact with animal feces
whenever they were in a hurry or busy. For the peri-urban and
urban settings, significant differences with medium to high
Cohen’s d values were also found in attention, importance,
and commitment to controlling contact with animal feces. Fur-
ther, a significant difference between the “doers” and “non-
doers” was noted in others’ approval among study participants
in the urban setting, and another difference between the two

TABLE 2
Use of river water: Doer and non-doer risk, attitude, norms, abilities, and self-regulation psychosocial factor means compared

with analysis of variance

Factor Group Behavioral Factors

Contact with River Water

Rural Setting Peri-Urban Setting Urban Setting

Cohen’s d
Doer’s,
M (SD)

Non-Doer’s,
M (SD) Cohen’s d

Doer’s,
M (SD)

Non-Doer’s,
M (SD) Cohen’s d

Doer’s,
M (SD)

Non-Doer’s,
M (SD)

Risk factors Vulnerability 0.56* 4.75 (0.62) 4.63 (0.81) 0.7* 4.27 (1.19) 4.64 (0.82) 0.98* 3.88 (1.25) 4.82 (0.56)
Attitude

factors
Pleasant 0.92* 2.83 (1.403) 1.67 (1.105) 0.90* 2.96 (1.71) 1.66 (1.11) 0.90* 3.00 (2.14) 1.49 (1.04)

Time-consuming 1.1* 1.75 (1.05) 3.35 (1.76) 1.24* 1.62 (1.17) 3.39 (1.65) n.s. 3.75 (1.49) 3.52 (1.39)
Disgusted n.s. 2.75 (1.658) 3.42 (1.703) 0.73* 2.08 (1.23) 3.19 (1.78) 0.65* 2.88 (1.64) 3.91 (1.54)

Care n.s. 3.25 (1.815) 2.84 (1.575) n.s. 2.54 (1.63) 3.13 (1.58) n.s. 2.25 (1.83) 3.06 (1.66)
Norms Others behavior

(relatives)
0.97* 3.25 (1.138) 2.15 (1.137) 0.95* 3.73 (1.31) 2.45 (1.37) 0.81* 3.25 (1.49) 2.17 (1.15)

Others behavior
(neighbors)

1.55* 4.00 (1.044) 2.18 (1.287) 1.36* 4.15 (0.92) 2.59 (1.35) 2.03* 4.50 (0.53) 2.51 (1.28)

Others approval 0.69* 2.67 (1.497) 1.71 (1.278) 0.64* 3.08 (1.55) 2.11 (1.47) 1.28* 3.63 (1.51) 1.80 (1.34)
Personal obligation 1.29* 3.17 (1.467) 1.49 (1.119) 0.94* 2.81 (1.63) 1.47 (1.17) 0.87* 2.75 (1.98) 1.40 (0.96)

Ability
factors

Confidence in
performance

0.72* 2.58 (1.505) 1.61 (1.164) 1.79* 4.00 (1.44) 1.66 (1.16) 0.74* 2.38 (1.69) 1.40 (0.81)

Confidence in
performance (hurry)

0.78* 2.75 (1.765) 1.60 (1.130) 1.54* 3.77 (1.42) 1.72 (1.23) 1.56* 3.75 (1.75) 1.53 (0.97)

Self-
regulation
factors

Attention 0.8* 2.08 (1.505) 1.17 (0.558) 1.58* 3.23 (1.58) 1.27 (0.77) 1.89* 3.50 (1.60) 1.20 (0.61)
Importance 1.45* 3.67 (1.557) 1.69 (1.148) 1.57* 3.77 (1.66) 1.59 (1.06) 1.43* 3.25 (1.67) 1.39 (0.77)
Commitment 1.17* 3.17 (1.337) 1.70 (1.167) 1.72* 3.73 (1.48) 1.55 (1.01) 1.61* 3.50 (1.85) 1.29 (0.61)

n.s.5 not significant.
N5 529; contact with river water: doers n5 47 and non-doers n5 482.
* P#0.001.
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groups was found in personal obligation and confidence in per-
formance in the peri-urban setting (Table 4). In the rural setting,
a significant difference was noted between the “doers” and
“non-doers” in the factor of others’ behavior (relative), implying
that the “doers” perceived that their relatives were mostly in
contact with animal feces. The study results did not show sig-
nificant differences between male and female study partici-
pants in the psychosocial determinants related to contact with
animal feces and exposure to AMR bacteria (Supplemental
Tables 5 and 6).

DISCUSSION

The reduction of disease transmission from an unsafe
environment is associated with good infrastructure.27 How-
ever, improving the current environmental infrastructure may
take time, particularly in urban and peri-urban areas that
have seen rapid population expansion.28 Therefore, in com-
bination with these improvements, behavioral change tech-
niques that target risky behaviors should be prioritized
around these high-risk environments. Such behavior change

TABLE 3
Contact with drain water: Doer and non-doer risk, attitude, norms, abilities, and self-regulation psychosocial factor means compared

with analysis of variance

Factor Group Behavioral Factors

Contact with Drain Water

Rural Setting Peri-Urban Setting Urban Setting

Cohen’s d
Doer’s,
M (SD)

Non-Doer’s,
M (SD) Cohen’s d

Doer’s,
M (SD)

Non-Doer’s,
M (SD) Cohen’s d

Doer’s,
M (SD)

Non-Doer’s,
M (SD)

Risk factors Vulnerability n.s. 4.29 (1.04) 4.33 (1.09) n.s. 4.58 (0.96) 4.18 (1.17) n.s. 4.71 (0.64) 4.39 (1.02)
Attitude factors Pleasant n.s. 1.42 (0.76) 1.25 (0.59) n.s. 1.21 (0.92) 1.14 (0.51) n.s. 1.19 (0.40) 1.07 (0.34)

Time-consuming – – – – – – – – –

Disgusted n.s. 4.03 (1.45) 4.10 (1.26) n.s. 3.74 (1.82) 4.10 (1.37) n.s. 4.48 (1.33) 4.39 (1.09)
Care n.s. 2.32 (1.60) 2.42 (1.49) n.s. 2.26 (1.82) 2.65 (1.67) n.s. 2.86 (1.96) 2.90 (1.71)

Norms Others behavior
(relatives)

0.81* 3.55 (0.99) 2.67 (1.17) 1.15* 4.16 (0.76) 2.99 (1.21) 0.66* 3.38 (0.92) 2.67 (1.22)

Others behavior
(neighbors)

0.6* 3.68 (0.91) 3.05 (1.17) 0.52* 3.68 (1.16) 3.06 (1.24) 0.62* 3.76 (1.04) 3.09 (1.12)

Others approval n.s. 1.81 (1.38) 1.67 (1.14) 0.55* 2.42 (1.87) 1.57 (1.11) 0.5* 1.81 (1.44) 1.27 (0.74)
Personal obligation 0.59* 2.61 (1.75) 1.69 (1.32) 1.24* 3.63 (1.80) 1.67 (1.34) n.s. 1.90 (1.58) 1.44 (1.14)

Ability factors Confidence in
performance

0.90* 3.42 (1.57) 2.12 (1.30) 1.06* 3.74 (1.59) 2.17 (1.35) n.s. 2.24 (1.51) 1.69 (1.18)

Confidence in
performance (hurry)

0.68* 3.55 (1.59) 2.53 (1.41) 0.70* 3.74 (1.56) 2.69 (1.45) 0.92* 3.62 (1.63) 2.25 (1.32)

Self-regulation
factors

Attention n.s. 3.26 (1.44) 3.67 (1.40) n.s. 3.84 (1.34) 4.12 (1.23) n.s. 4.05 (1.24) 4.18 (1.09)
Importance n.s. 1.74 (1.12) 1.31 (0.79) n.s. 1.26 (0.93) 1.24 (0.77) n.s. 1.05 (0.22) 1.09 (0.36)
Commitment n.s. 3.58 (1.63) 3.76 (1.53) n.s. 4.58 (1.02) 4.14 (1.37) n.s. 3.95 (1.50) 4.26 (1.32)

n.s.5 not significant.
N5 529; contact with Drain water: doers n5 73 and non-doers n5 456.
* P#0.001.

TABLE 4
Contact with animal feces: Doer and non-doer risk, attitude, norms, abilities, and self-regulation psychosocial factor means compared

with analysis of variance

Factors Group Behavioral Factors

Contact with Animal Feces

Rural Setting Peri-Urban Setting Urban Setting

Cohen’s d
Doer’s,
M (SD)

Non-Doer’s,
M (SD) Cohen’s d

Doer’s,
M (SD)

Non-Doer’s,
M (SD) Cohen’s d

Doer’s,
M (SD)

Non-Doer’s,
M (SD)

Risk factors Vulnerability n.s. 4.22 (1.17) 4.09 (1.15) n.s. 4.19 (1.21) 4.15 (1.13) n.s. 4.54 (0.95) 4.12 (1.27)
Attitude factors Pleasant n.s. 1.59 (1.07) 1.45 (0.82) n.s. 1.64 (1.13) 1.34 (0.91) n.s. 1.35 (0.89) 1.16 (0.65)

Time-consuming – – – – – – – – –

Disgusted n.s. 3.31 (1.73) 3.32 (1.47) n.s. 3.09 (1.75) 3.84 (1.51) n.s. 3.58 (1.77) 4.13 (1.36)
Care n.s. 3.34 (1.71) 3.10 (1.58) n.s. 3.45 (1.52) 3.54 (1.60) n.s. 3.50 (1.66) 3.59 (1.59)

Norms Others behavior
(relatives)

0.91* 3.40 (1.13) 2.11 (1.07) n.s. 2.87 (1.24) 3.06 (1.17) n.s. 2.81 (1.10) 3.15 (1.25)

Others behavior
(neighbors)

n.s. 2.84 (1.06) 2.71 (1.01) n.s. 2.89 (1.15) 3.08 (1.06) n.s. 3.12 (0.99) 3.18 (1.13)

Others approval n.s. 2.50 (1.58) 2.01 (1.42) n.s. 2.19 (1.56) 1.77 (1.30) 0.56* 2.27 (1.76) 1.45 (1.09)
Personal obligation n.s. 2.64 (1.64) 2.91 (1.62) 0.70* 2.62 (1.66) 3.72 (1.48) n.s. 3.46 (1.73) 4.01 (1.37)

Ability factors Confidence in
performance

n.s. 3.02 (1.62) 3.43 (1.51) 0.69* 3.40 (1.61) 4.37 (1.15) n.s. 3.81 (1.58) 4.15 (1.27)

Confidence in
performance (hurry)

0.7* 2.40 (1.28) 1.61 (0.96) 0.88* 2.15 (1.27) 1.26 (0.64) 1.13* 2.08 (1.16) 1.10 (0.38)

Self-regulation
factors

Attention n.s. 2.35 (1.58) 2.08 (1.39) 0.69* 2.13 (1.56) 4.37 (1.15) 0.72* 1.96 (1.37) 1.20 (0.64)
Importance n.s. 2.99 (1.59) 2.29 (1.35) 0.88* 2.55 (1.49) 1.26 (0.64) 0.87* 2.65 (1.67) 1.44 (1.06)
Commitment n.s. 2.69 (1.49) 2.39 (1.47) 0.69* 2.11 (1.45) 4.37 (1.15) 0.65* 2.73 (1.69) 1.80 (1.15)

n.s.5 not significant.
N5 529; contact with animal feces: doers n5 159 and non-doers n5 370.
* P#0.001.
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interventions may not only benefit AMR infection reduction
but also provide further social good in the reduction of other
communicable diseases, including typhoid29 and diarrheal
disease (i.e., cholera).
To support the development of effective behavior change

interventions, this study sought to understand individual per-
ceptions of risk of AMR infection through environmental expo-
sure and to further assess the psychosocial factors related to
high-risk behaviors that may be contributing to AMR infection
transmission through these contacts with open water sources,
drains, and both animal and human feces.
For many, the perceived risk of AMR infection is still com-

monly associated with antimicrobial stewardship and hospital-
acquired infections,5 and there is little understanding of the
role the wider environment plays in the proliferation and trans-
mission of these infections. This was validated because more
than half of the study participants were aware of AMR bacte-
ria, but this was primarily linked with knowledge of someone
who had experienced an AMR infection, which could be attrib-
uted to the available information about the causation of the
AMR-related diagnosis. This is not surprising given that AMR
infection messaging mostly focuses on the role of private tra-
ders and self-medication in AMR infection transmission30 and
is not associated with environmental factors. Females also
indicated a higher level of awareness than their male counter-
parts of the presence of risks of AMR infection. Because
women have more positive health-seeking behavior31–33 and
mostly accompany their relatives, including children, to the
hospital when sick,34,35 they are exposed to more health mes-
sages than their male counterparts, which may have increased
their AMR infection risk perception. Relatedly, respondents
indicated that the transmission of these infections could result
from exposure to human and animal feces, which may be
related to previous awareness of fecal–oral route disease
transmission.36 Nevertheless, high-risk environmental path-
ways for AMR bacteria exposure were identified from observa-
tions and sampling at the household and wider community
levels in all three settings7 and elsewhere.37,38

Thus, it could be assumed that current AMR infection
knowledge is associated with health facility visitation and
previous health education sessions that focused on inter-
rupting fecal–oral route transmission. With this in mind, AMR
infection awareness campaigns should widen their focus to
include the wider drivers and sources of AMR infection and
target all study locations equally because individual AMR
risk perception was low. There is also a need to use multiple
communication channels that apply various touch points to
maximize male participation in AMR infection risk awareness
campaigns.
Despite the sociodemographic differences, all study loca-

tions were influenced by normative and ability factors in
making decisions about the use of river and drain water for
domestic activities. Further, self-regulation (attention, impor-
tance, and commitment) and attitude factors (pleasant) were
also strong predictors for the use of river water behavior.
Thus, information about others’ behavior, guided practice,
and model behavior should be considered in a behavior
change intervention for improved practices on the use of
river water, contact with drain water, and contact with animal
feces in all the study areas. Previous studies have proven
that influence from others plays an important role in one’s

behavior about water and sanitation.39 Hence, there is a call
for corresponding behavior change techniques (BCTs) to
elicit behavior change.40 Thus, community group meetings
could be considered because they have proven to strengthen
community social norms.41 Such group meetings would
involve role models to reinforce positive group identity. Avail-
ability and access to safe water points for households
increase the confidence to use safe water for domestic pur-
poses.14 This confirms the need to intensify the accessibility
and affordability of safe water at the household level. Role
models should be incorporated to demonstrate to others
how they sustain using safe water in their homes.
Studies in Ethiopia and Zimbabwe found that self-regulation

(remembering) and ability (infrastructure) factors were strong
predictors of the performance of handwashing behavior.13,42

In addition, self-regulation (remembering and commitment),
risk perception (perceived risk and benefits), and norms
(others behavior) were associated with behaviors pertaining to
safe water household usage in Bangladesh and Chad.12,43 For
sanitation and food hygiene behaviors, attitude (expensive and
like), norms (others’ behaviors), self-regulation (remembering
and planning), and risk perception were identified as behav-
ioral determinants in Malawi, Ghana, and Burundi.14,44–46 In
these studies, the following BCTs were identified from the
RANAS model of behavior change BCT catalogue11 for inter-
vention delivery: information about and assessment of per-
sonal risk, infrastructure promotion, memory aids, guided
behavioral and practice, norm identification, and behavior
modeling and demonstration. Importantly, behavioral determi-
nants identified in these previous studies have also been
observed in this study influencing the use of river water, con-
tact with drain water, and contact with animal feces. This
implies that AMR infection awareness promotion should be
included in wider WASH programs and could be used as a
leverage point to gain much-needed rapid momentum about
AMR infection awareness.
Implication for practice.
In this study, the norm factors (i.e., others’ behavior and

others’ approval) have been found to influence the practice
pertaining to the use of river and drain water for domestic
activities. Thus, corresponding BCTs for normative factors
should be taken into consideration, such as community
meetings, household visits, the use of role models, and pub-
lic pledges, all of which have been proven to strengthen
behavioral normative attributes.13,47 Similarly, ability factors
(confidence in performance) have been found to influence
the three targeted behaviors; thus, BCTs pertaining to ability
factors should be considered in an intervention.
Corresponding BCTs related to attitude factors, such as

describing feelings about the performance and consequences
of the behavior, should be considered for use in guiding river
water behavior in all the study areas. In addition, information
about personal AMR infection risk-related activities should be
included in an intervention aimed at the use of river water in
the urban setting. Such information should include practical
demonstrations illustrating AMR infection transmission path-
ways through river and drain water to reinforce the vulnerability
factors. For contact with animal feces, self-regulation factors
(attention, importance, and commitment) were strong predic-
tors in peri-urban and rural settings, whereas the ability factor
(confidence in performance) was significant in all the study
areas. As such, BCTs related to the identified self-regulation
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factors should be considered in an intervention. For instance,
public commitment should be included for household mem-
bers and local leaders because they have been proven to influ-
ence the uptake of positive behaviors.39

Study limitations.
This study had lower male participation than had been

planned. Future study designs should consider following
men in their respective workplaces or places of business
because they are often not found in the household. Self-
reported data are liable to bias.48 Nevertheless, observations
were conducted on a number of variables (including access
to safe water and the presence of animal feces at the house-
hold level) that have been reported elsewhere.7 The corona-
virus disease 2019 pandemic likely impacted our results
because data collection was delayed for �5 months, which
resulted in collecting data for a shorter period than initially
planned because the project life span had finished.

CONCLUSION

The findings of this study indicate that slightly more than
half of the study participants were aware of AMR infection.
However, few participants perceived themselves as being at
risk of AMR infection through river and drain water exposure.
Importantly, limited knowledge of the roles of fecal matter and
river and drain water in AMR infection transmission acts as a
call for more effort to be expended on AMR infection risk
exposure awareness. Such awareness campaigns should tar-
get all the study locations and use various touch points to
maximize the participation of both women and men; they
should also be incorporated into wider WASH promotion cam-
paigns. Selected psychosocial factors, including attitudinal,
normative, ability, and self-regulation factors, have been iso-
lated as strong predictors for the success of an AMR infection
behavior change intervention that focuses on the environmen-
tal factors of interest: the use of river and drain water and
being in contact with animal feces. Thus, although improving
sanitary facilities and drainage systems in the study locations
will be of significant value, context-specific behavior change
initiatives can be an effective tool in these economically chal-
lenged settings in the short to medium term.
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