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Systematic surveillance

tools to reduce rodent pests
in disadvantaged urban areas
can empower communities
and improve public health
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Rodents are notorious pests, known for transmitting major public health diseases and causing
agricultural and economic losses. The lack of site-specific and national standardised rodent
surveillance in several disadvantaged communities has rendered interventions targeted towards
rodent control as often ineffective. Here, by using the example from a pilot case-study in the
Bahamas, we present a unique experience wherein, through multidisciplinary and community
engagement, we simultaneously developed a standardised national surveillance protocol, and
performed two parallel but integrated activities: (1) eight days of theoretical and practical training

of selected participants; and (2) a three-month post-training pilot rodent surveillance in the urban
community of Over-the-Hill, Nassau, The Bahamas. To account for social and environmental
conditions influencing rodent proliferation in the Bahamas, we engaged selected influential
community members through a semi-structured interview and gathered additional site-specific
information using a modified Centers for Diseases Control and Prevention (CDC) exterior and interior
rodent evaluation form, along with other validated instruments such as tracking plates and snap
trapping, to test and establish a standardised site-specific rodent surveillance protocol tailored for the
Bahamas. Our engagement with community members highlighted poor disposal of animal and human
food, irregular garbage collection, unapproved refuse storage, lack of accessible dumpsters, poor
bulk waste management, ownership problems and structural deficiencies as major factors fuelling
rodent proliferation in the study areas. Accordingly, results from our pilot survey using active rodent
signs (that is, the presence of rodent runs, burrows, faecal material or gnawed material) as a proxy of
rodent infestation in a generalized linear model confirmed that the variables earlier identified during
the community engagement program as significantly correlated with rodent activities (and capturing)
across the study areas. The successful implementation of the novel site-specific protocol by trained
participants, along with the correlation of their findings with those recorded during the community
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engagement program, underscores its suitability and applicability in disadvantaged urban settings.
This experience should serve as a reference for promoting a standardised protocol for monitoring
rodent activities in many disadvantaged urban settings of the Global South, while also fostering a
holistic understanding of rodent proliferation. Through this pilot case-study, we advocate for the
feasibility of developing sustainable rodent control interventions that are acceptable to both local
communities and public authorities, particularly through the involvement of a multidisciplinary team
of professionals and community members.

Keywords Community engagement, Sustainable rodent management, The Bahamas, Urban rodent survey,
Waste management, Zoonoses

Rodent proliferation is a major threat to human communities, associated with disease transmission, disruption
of the ecosystem including extinction of native species, destruction of infrastructures and household goods,
as well as significant agricultural loss! . Relationships between poor urban socio-environmental conditions
with rodent pests and human health are widely recognised, especially in Low and Middle-Income Countries
(LMICs)®”. In these countries, basic knowledge about rodent population dynamics, migration patterns and
behaviour is often lacking®. For example, disadvantaged communities (e.g. slums, informal settlements and shan-
tytowns) are essentially characterised by poverty, unrecognised land-use policy, precarious infrastructure, poor
sanitation systems and generalised insalubrities. These conditions support rodents’ easy access to harbourage,
food and water sources, hence providing them with lodge and boarding, while encouraging their proliferation
and movement between different habitats and subsequently resulting in potential transmission of rodent-borne
diseases to humans®'?. Specifically, residents of these environments are exposed to probable pathogen spillover
from rodents'! leading to outbreaks of rodent-borne diseases such as plague as witnessed in Madagascar'?, Lassa
fever in Nigeria'®, increasing numbers of hantavirus cases in the Americas'*'® and leptospirosis, a disease esti-
mated to affect almost one million people worldwide'é, with most cases mainly described from Latin America
and Asia'’, with an under-documented burden in Africa'®. They may also serve as known reservoirs for other
important vector-transmitted and environmental pathogens, such as Toxoplasma, Schistosoma, Rickettsia, Sal-
monella, Bartonella, Borrelia etc.”®. Rodent pests have also been linked to mental health problems in many urban
communities?>*!, which may be related to disturbed sleep, rodent bites and psychological trauma?->,

A wide range of control intervention strategies have been directed towards the management of rodents. Unfor-
tunately, most of those interventions have not yielded long-term solutions*?, partly due to limited resources and
a lack of robust surveillance systems?”?® (that is, the procedures used for detecting the presence and or quantity
of rodent infestation and target species, and the factors influencing their population in the environment in an
attempt to propose a sustainable rodent management measures). Over-dependence on non-locally adapted
control methods essentially based on chemicals have proven to sometimes produce unwanted and adverse side-
effects?’, and become less effective over time**’! probably because they lack the involvement of local residents
during intervention efforts**=*%. As evidenced by Colombe et al.'?, there also exists a shortage of rodent experts
as well as active rodent surveillance and management programs in most countries. In addition, where such pro-
grams exist, they often fail to monitor the impact of management actions on rodent proliferation in the long term
and assess their cost-benefits balance®. In some instances where active national programs exist, surveillance is
often conducted too late, in a reactive manner, thus failing to prevent outbreaks and/or high impact damage®.
Furthermore, they usually consist in “top-down” methods, i.e. hierarchical approach with centralised decision-
making power, that neglect the inclusion of other stakeholders/parties and finally fail*”. Also, these methods lack
standardisation of proxies (such as rodent runs, burrows, faecal or gnawed material and rodent capturing) and
results across study areas—specifically using reports of rodent sightings to evaluate infestation”, and ignoring
the other important actors to develop innovative control strategies**°.

A typical example of a national rodent management program with the common shortcomings highlighted
above is found in the Bahamas. Here, conventional practice relies on reports of rodent sightings by residents and a
few experts for evaluating the level of rodent infestation, followed by systematic use of anticoagulant poisons with
little monitoring of rodent activity before and after interventions®. At the invitation of the Bahamas, the World
Health Organization (WHO) and the Pan American Health Organization (PAHO) aimed to work with local
authorities to implement an urban rodent surveillance training workshop, using the country as a pilot study site
to develop an effective and sustainable rodent surveillance strategy that could be exported in other countries. This
paper describes and discusses this experience which aimed at (1) understanding specific socio-environmental
drivers of rodent proliferation in the Bahamas; (2) developing and testing tools for rodent surveillance actions;
and then (3) suggesting site-specific management protocol against rodent populations proliferation based on
pilot-surveillance outcomes. We thus present an innovative framework which incorporates active community
participation and multidisciplinary team engagement to develop strategic guidelines for a standardised surveil-
lance protocol, perform rodent surveillance training and conduct a post-training rodent surveillance to achieve
long-term rodent population management. The outcomes of this pilot study provide a sustainable and socio-
culturally appropriate intervention framework that could be adapted to other similar contexts found across poor
urban areas in other LMICs where rodent pests are having significant negative impacts on human livelihoods,
public health, both physical and mental wellbeing, as well as food and nutrition security, environmental sanita-
tion and economic productivity.
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Results

Rodent training workshop and community meeting

We leveraged the 8-week multidisciplinary pre-training meetings to evaluate the techniques used for conducting
rodent surveillance in poor urban communities of Nassau, the Bahamas. It was noted that rodent infestation
detection in these communities has been performed using “top-down” methods from the 1960s. Precisely, relying
on spontaneous reports of rodent sightings by the residents and vector control experts during visits conducted
in the day (afternoon to evening) and over a limited duration (<4 h per day)*. From these identified shortfalls,
we developed a site-specific standardised rodent surveillance protocol (Supplementary Annex I—“Guideline
for the Integrated Rodent Management (IRM) in the Bahamas” and Supplementary Annex II—“A modified
CDC exterior and interior surveillance form”) that appeared particularly adapted to poor urban settings and
offered improvement over the previous procedure by factoring the period that rodents are most active (night/
early morning) into surveillance activity. We trained (for 8 days) twenty-three (23) local participants (mostly
from the DEHS, Ministry of Environment and Natural Resources, which is responsible for vector control in the
Bahamas) to implement this protocol in an autonomous manner.

Systematically, we thoroughly explained each component of the surveillance protocol to the participants dur-
ing both theoretical and practical rodent surveillance training sessions. Briefly, we modified the CDC exterior
and interior rodent evaluation form to suit our study area. In addition, participants received hands-on practical
training on the use of tracking plates and snap trapping (Fig. 1a—c). Also, they were trained on how to store data
in REDCap. We created an account for the project (the pilot surveillance) as well as a login for each participant,
which they could use to report results of their own environmental survey during and after the training period.

As part of the training exercise, the DEHS representatives, WHO and PAHO officials and the training facili-
tators (experts) met with representatives of the local community (11 focal persons selected from the surveyed
households for comprehensive community engagement). The purpose of this initial meeting was to extensively—
(1) evaluate the community perception about rodent infestation using a collaborative mapping approach, where
the local community members were tasked to identify areas with rodent-related problems, and (2) discuss the
problems responsible for the rodent infestation and recommend possible solutions to the identified problems
jointly with the community members, the training facilitators and the DEHS, WHO and PAHO officials (Fig. 1d).
Summarily, from the community meeting report, the majority of the participants (at least 8 out of the 11 par-
ticipants) indicated that certain areas were well-conserved with reasonably satisfactory waste disposal practices,
while others displayed characteristics such as: ownership problems (houses with unknown owners, often under
lock and as a result preventing accessibility during rodent surveillance/control); haphazard waste disposal and
irregular pick-up schedules leading to garbage pileups; lack of access to dumpsters; abandoned houses; non-
collection of bulk waste e.g. derelict vehicles and construction materials offering rodents harbourage sources

Figure 1. Cross-section of some of the participants and training facilitators during the WHO/PAHO
Bahamas rodent surveillance training workshop (a) team briefing during the exterior rodent surveillance
exercise, (b) the team photographing and examining the TP for a possible rodent mark, (c) the participants
preparing and apportioning appropriate baits to the STs before the STs are setup for rodent capturing, and (d)
training facilitators explaining how to go about collaborative mapping to some of the workshop participants.
Photographs by T. Dorji.
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(Fig. 2a-d); and socio-cultural and economic differences (especially household income-related differences, with
some households lacking funding to support appropriate self-waste disposal) among residents (Table 1). Ambi-
guity of waste management protocol between the residents and environmental health officers was also noted
during the meeting (e.g. inhabitants claiming they lack sufficient dumpsters and require a higher frequency of
garbage pickup vs. waste managers saying there were enough dumpsters and that pick-ups were carried out quite
frequently). As a result, a majority of the participants suggested various intervention measures, including the
provision of additional dumpsters in easily accessible locations, removal of bulk waste, and the implementation
of community educational awareness initiatives in clear and diverse languages understood by the residents,
among other recommendations (Table 1).

Rodent surveillance points and assessment of the factors driving rodent proliferation

We simultaneously conducted pilot rodent surveillance using two independent methods (exterior and interior
household rodent survey® and rodent trapping®®) that have been proven as proxies for evaluating household
rodent infestation in 713 households/points across the study community, with each household representing a
sampling point or unit.

We retrieved complete information about 457 points, with data on the remaining 256 points being incom-
plete, missing or inaccessible (e.g. the houses containing the points were closed). In total, we trapped 106 rodents
(including 36 Rattus norvegicus, 27 R. Rattus, 13 Mus musculus, 10 Rattus spp.—suspected R norvegicus- and 20
unidentified individuals) from 457 trap nights, yielding 23.2% trapping success. Similarly, we conducted exten-
sive three months long post-training surveillance campaign (June—August 2022) in the study areas and recorded
an apparent rodent infestation across the seven study areas (areas 1-7), with contrasted degrees of infestation
showing significantly higher rodent infestation in study areas 3, 4 and 7 (Table 2).

To investigate factors possibly influencing rodent infestation using active rodent signs (i.e. rodent runs,
burrows, faecal or gnawed material) as a proxy in the poor urban community under study, 16 variables with
p-values of <0.15 from an initial separate analysis were included in the final model (Supplementary Annex III).
Of these 16 variables, the final model (Table 2) retained eight (namely: area; residence with unapproved refuse
storage; exposed garbage; source of animal food; other sources of food; bulk wastes; construction materials; and
residence with structural deficiencies) with an Akaike Information Criterion (AIC) of 345.9, and the model with
the fewest number of variables.

Figure 2. Some of the conditions that may influence rodent population as observed here in the Bahamas during
the WHO/PAHO Bahamas rodent surveillance training workshop: (a) residence with construction materials
and other debris, (b) residence with a wrecked/abandoned vehicle, (c) residence with an unkempt surrounding,
and (d) residence bordering abandoned building and vehicle. Photographs by T. Dorji.

Scientific Reports |

(2024) 14:4503 | https://doi.org/10.1038/s41598-024-55203-5 nature portfolio



www.nature.com/scientificreports/

Theme

Feedback from the majority of community members

Feedback from the minority of community members

Factors capable of influencing rodent proliferation

Disposal of food (leftover) in open spaces
Irregular garbage collection

Disposal of garbage in open bins

Lack of accessible dumpsters

Household ownership problems
Non-collection of bulk waste

Lack of funds for proper self-waste disposal

Poor enforcement of environmental laws

Erosion of personal pride

Overcrowding

Language barriers among some residents
Overreliance on government for cleanup exercises

Suggested solutions

Install dumpsters in strategic locations accessible to the
residents

Removal of bulk waste e.g. derelict vehicles by the DEHS
Install signage stating “no dumping on vacant properties”
Implement additional community initiatives focused on
educating and empowering the community and children
using diverse languages e.g. use media as a strategic tool
to raise awareness about rodent control efforts in the com-
munity

Owning cats

Enforce effective property management, mandating prop-
erty owners and residents to ensure adequate cleanliness
Establish partnership with Community-Based Organisa-
tions, Churches and Schools to organise cleanup campaigns
and promote sanitation awareness within the community
Tree planting

Collaborative mapping of rodent-related issues at the area
level

Areas 1 & 6—ownership problem & haphazard waste
disposal

Area 2—decent area with a moderately satisfactory waste
disposal

Area 3—derelict vehicles & haphazard waste disposal
Area 4—presence of garbage; derelict vehicles and aban-
doned properties (houses)

Area 5—some garbage

Area 7—informal community & abundance of undocu-
mented car garages

Table 1. Synopsis of the feedback gathered during the community collaborative meeting and mapping
session. Feedback from the majority of community members reflects the opinions of at least 8 out of the 11
participants, while feedback from the minority represents the opinions of 3 participants or fewer respectively.

Signs of household rodent

infestation
Predictors Odds ratios | CI P
(Intercept) 0.09 0.04-0.19 <0.001
Area [2] 0.55 0.20-1.50 0.192
Area [3] 0.36 0.13-1.00 0.047
Area [4] 0.27 0.08-0.84 0.021
Area [5] 0.71 0.34-2.91 0.532
Area [6] 0.99 0.31-2.64 0.855
Area [7] 0.07 0.02-0.28 <0.001
Residence with unapproved refuse storage [Yes] 2.29 1.22-4.27 0.008
Residence with exposed garbage [Yes] 231 1.20-4.45 0.016
Residence with source of animal food [Yes] 2.30 1.11-4.17 0.021
Residence with other sources of food [Yes] 1.76 0.89-3.53 0.096
Residence with bulk wastes [Yes] 2.06 1.00-4.21 0.045
Residence with construction materials [Yes] 2.06 1.04-4.07 0.047
Residence with structural deficiencies [Yes] 3.09 1.52-6.25 0.001
Observations 457
R? Tjur 0.358

Table 2. Summary of the generalized linear model showing the variables that were associated with rodent
proliferation in the Bahamas. Significant values are in bold.

This final model (Table 2) showed that residence with unapproved refuse storage, exposed garbage, sources
of animal food, bulk wastes, construction materials and structural deficiencies were significantly associated with
rodent presence, with households with structural deficiencies (OR: 3.09 [1.52-6.25], p=0.001) and exposed
garbage (OR: 2.31 [1.20-4.45], p=0.016) showing the highest association with rodent infestation level.

Discussion

The co-implementation of the locally-adapted CDC rodent surveillance protocol (Supplementary Annex I) and
those relying on tracking plates and snap trapping ensures that shortfalls of the former deficient surveillance
techniques are compensated for, while also improving the accuracy and reliability of rodent infestation data in
the poor urban communities!**. The results of rodent survey generated by the training participants (a 3 months
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long pilot rodent surveillance) indicate that the current protocol is suitable and applicable in disadvantaged urban
environments, in addition to encouraging local community participation in potential studies that could guide
decision-making during rodent intervention programs. Central to the present paper, it also indicates that the
participants truly understood and appropriated the concepts and methods proposed during the initial training
session and were subsequently able to apply them appropriately in an autonomous manner as part of a rodent
surveillance routine.

In the particular case of the Bahamas, the rodent-related problems (as identified by frequent residents’ reports
of rodent sightings, gnawed materials, rodent holes and other active rodent signs observed during the pilot case-
study) could be due to: (a) ownership issues, such as vulnerable areas lacking identifiable owners, which could
hinder access during evaluation and interventions; (b) garbage pileup due to irregular waste pickup schedules
and/or access to dumpsters; (c) ambiguity of waste management protocol between the residents and environ-
mental health officers; (d) availability of harbourage sources facilitating rodent nesting and movements, such
as construction materials, abandoned houses and derelict vehicles within the urban setting (Fig. 2a-d); and (e)
cross-sociocultural (such as the differential or combined effects of Caribbean, American, Europe, Hispanic and
African culture, religious beliefs, income levels, proximity to tourism centres, and ethnic values) differences
among the local residents, with most residents lacking the capability to reside in an area with satisfactory social
amenities and others lacking funding to support appropriate household-level sanitation that could reduce rodent
infestation. All these factors were also clearly identified during the community group discussion, thus aligning
with the results of our surveillance efforts. Also, the rodent infestation reported in Over-the-Hill could probably
be due to rodents being able to take advantage of major sources of nourishment and harbourage from the local
environment, as these have been demonstrated to encourage rodent proliferation and critical to rodent survival
in urban environments'*!-#3. The risk factors reported in our final model (Table 2), such as unapproved refuse
storage, households with structural deficiencies and the presence of bulk waste and construction materials, are
not unexpected, considering they all provide alternative sources of food, water and harbourage for rodents*. For
instance, the socio-environmental conditions reported here to be significantly correlated with rodent proliferation
are similar to those previously reported by Costa et al.* and Awoniyi et al.*® in Brazil favelas.

Accordingly, our results confirm particularly strong rodent infestation with a varying levels of infestation
across the study areas (Table 2), which could be due to the somewhat varying sanitation management and
socioeconomic status of residents in the study areas® (Table 1). Also, the overall reported 23.2% trapping suc-
cess translates to significant rodent infestation, especially in study areas 3, 4 and 7. This appears higher than
the 11.2% reported by Awoniyi et al.* in disadvantaged urban communities of Salvador-Bahia, Brazil, 14.8%
reported by Dossou et al.*’ in disadvantaged communities of Benin Republic and considerably higher than the
1.6% reported by Shafie et al.*® in Malaysia.

In the present pilot case-study, the high number (N =20) of rodents that could not be identified at the species
level points towards poor or low research efforts targeted at rodents, and highlights the need for research in this
field, including baseline knowledge such as rodent diversity assessment and the development of Great Caribbean
Islands rodents identification key that could be easily used by operators in the field. Achieving this will add to
the pool of existing knowledge about rodent diversity albeit supporting their appropriate control since species-
specific features may be important to take into account when setting up locally adapted rodent management*.

Considering the low reported number of leptospirosis cases (i.e. 2 confirmed cases in 2 years, as mentioned
by the representative of the MoH Epidemiological Surveillance Unit during the training), it contrasts strongly
with the abundance of rodents on the Bahamas islands, therefore, we suspect that most cases of leptospirosis,
together with other rodent-borne diseases, might be misdiagnosed and largely underreported. This may be due
to the lack of a functional reference laboratory and trained personnel, in addition to the residents and local medi-
cal staff being poorly aware of leptospirosis risks and symptoms. Unfortunately, these caveats are not surprising
as they have also been reported in other African and South American countries (Allan et al.’®, Dobigny et al.%,
Schneider et al.>! and Costa et al.??) where leptospirosis is not yet perceived as a disease of public health concern.
As such, Rodrigues® identified the inability to perform (early) diagnosis as a major setback encouraging the
vicious circle of deficient leptospirosis control in Brazil. This is also expected to be true for other rodent-related
and frequently overlooked or neglected diseases in the Global South, such as murine typhus, Lassa virus or
hantavirus-mediated fevers'®. Accordingly, this experience shows the urgent need to reinforce laboratory capac-
ity in the country and to establish the real burden of rodent-borne diseases, for instance using seroprevalence
studies as a first reasonable attempt.

Key lessons from this pilot study which aimed at informing the government of the Bahamas to control
rodent proliferation and reduce the risk of rodent-borne diseases, are: (a) providing more access to dumpsters
and frequent garbage/bulk garbage (vehicles, etc.) pickup, especially in the high-risk areas, (b) disseminating
adequate information (i.e., in simple terms and local languages) about rodent-human contacts-related risk factors
and possible precautions (this could be done in schools and other gathering places, such as religious sites), (c)
establishing a clear definition and dissemination of waste management protocols among community members
and environmental health officers to clarify their respective roles, (d) promoting social responsibility among
the residents to always take actions that will guard against rodent propagation in the community (i.e. prompt
disposal of waste using an approved trash container and keeping pets food and water away from the reach of
rodents), and (e) promoting sustainable and partnership engagement among community members, local and
state governments, especially the arm responsible for vector management in the communities. Importantly,
associated educational and communication plans will have to take socio-economic constraints and priorities of
the inhabitants into account in order to be widely accepted and subsequently appropriated.

The present pilot study was primarily used to develop and test a standardised surveillance protocol that would
engage multiple stakeholders, conduct rodent surveillance training and implement pilot rodent surveillance
activities. The pilot surveillance took place over a single season and a single urban setting, which likely limits
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our ability to fully understand the suitability of our protocol for a range of contexts found across urban areas in
LMICs. However, several of the components presented have been tested and validated in other contexts! 40465455,
thus making us confident in its easy and promising application in a wide range of other socio-cultural urban
contexts over the world. To successfully adapt this protocol elsewhere, engagement of the local residents and
other multi-sectoral stakeholders is essential and requires extensive concertation to fully understand which local
socio-cultural constraints could be blocking progress and which leverages could be instrumental. In addition,
baseline information about rodent species-specific life traits (e.g., population structure and dynamics, mobility/
dispersal abilities, habitat preference, diet, resistance to rodenticide molecules, etc.), climatic and environmental
conditions, geographic and physical contexts are needed in order to tailor any sustainable and locally-adapted
intervention against rodent pests*. A further priority should be to carry out baseline surveillance of rodent-
borne diseases circulating in both the rodent and human population, as there is a known correlation between
rodent pest circulation and rodent-borne diseases in many contexts'. This will also be important to ensure that
the developed protocol can be implemented safely by environmental health officers without making them at risk.
Therefore, we suggest that future attempts be conducted in other LMIC urban contexts to adapt and further test
the core components of this protocol to ensure that pest rodent surveillance and management can be done on a
regular basis as a safe, sustainable and effective practice.

Besides, while the authors acknowledge that the involvement of more local residents, especially the religious
and civil society leaders, as well as other multi-sectoral stakeholders (e.g., representatives of Ministries of Agricul-
ture and Environment; healthcare staff; waste managers; local experts in biological and social sciences and local
policymakers) might have improved the whole process, we were somewhat restricted due to resource constraints
and the government’s directive to limit all physical gathering during the present pilot study. However, we believe
the individuals trained and engaged during this pilot study represent a step in the right direction as they are
tasked with the responsibility of transferring the newly acquired knowledge and abilities to other community
members (train the trainer), especially those interested or involved in rodent-related programs.

Interestingly, here, we describe a context-specific and standardised rodent surveillance protocol that improves
upon the shortcomings observed in the current reactive rodent surveillance protocol used in the Bahamas, and
in many other LMICs. Currently used reactive protocols, such as rodent sightings, are prone to suggesting false
negative or positive rodent infestation as some residents may exaggerate their observations while others may
tolerate minor rodent infestation®, as well as greatly limiting standardisation of results, hence reliable compari-
son between monitored sites. In particular, inaccuracy is expected when applied protocols over-rely on reports
of rodent sightings by the residents and/or vector control experts® since such surveillance is usually conducted
during the day and over a limited number of hours (<4 h per day), thereby neglecting and/or overlooking rodent
activities during the night/early morning, which are yet the most active period for rodents® and should be taken
into primary consideration when evaluating rodent infestation. Also, the current protocol offers an improvement
over the application of the existing protocols (e.g. CDC’s) especially in many LMICs where buildings are not
constructed in the standard block-like version. As a result, this protocol presents a flexible manner of satisfac-
torily conducting a more representative surveillance of most LMICs communities while also capturing specific
variables that are peculiar to these environments.

Another probable limitation of this pilot study is our inability to collect pre- and post-data to facilitate a com-
prehensive comparison of our new protocol to the conventional “report of rodent sightings” method. However,
we are of the opinion that comparing results from two different methods (pre-training: report of rodent sightings
and post-training: results from the standardised rodent surveillance protocol) could affect the integrity of such
comparison. Additionally, the data generated by the participants during and after the training (under minimal
supervision) show that they understood and appropriated the standardised surveillance concept. It also shows
that it is suitable for rodent surveillance in LMICs communities, as results from the pilot surveillance align with
those suggested by the local residents during the community engagement meeting.

Conclusion

This pilot study sought to explore the effectiveness of engaging multidisciplinary professionals and stakeholders to
develop standardised rodent surveillance protocols. The outcomes showed that such an approach and the engage-
ment of relevant stakeholders may be critical during rodent surveillance, and could be valuable to better guide
future management interventions. Site-specific mitigation strategies are lacking in most urban disadvantaged
communities, especially within LMICs where data on urban rodents and associated impacts are scarce. We argue
that a better understanding of rodent proliferation in many locations across LMIC cities requires community
engagement activities to ensure sustainable and culturally appropriate rodent control interventions that meet
the needs of local communities and authorities.

Sadly, there is little doubt that ongoing urbanisation will amplify the ever increasing poor urban living condi-
tions, thus facilitating the expansion of rodent populations in disadvantaged urban communities. This in turn
may increase the risk of zoonotic disease spill-over and the emergence of new pandemics’. With multiple socio-
economic problems, cost-beneficial rodent management solutions are urgently required to reduce such zoonosis
risks whilst enabling improved livelihoods that can be more economically productive. As rodent research and
expertise are often lacking or decreasing in many LMICs, we propose that investments in rodent-related research
could significantly enhance sustainable management of rodent pests and subsequent control of rodent-borne
diseases in disadvantaged urban communities across LMICs.
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Methods

Overview

This is an experimental exploratory descriptive pilot study, targeted at defining national guidelines, and a stand-
ardised rodents surveillance protocol, in addition to conducting an operational comprehensive rodent surveil-
lance training and setup a standardised surveillance within the urban disadvantaged community of Over-the-Hill,
Nassau, the Bahamas (25° 4’ 11.40" N 77° 20’ 4.87" W).

To do this, we simultaneously conducted parallel but integrated activities, specifically: (1) developed a stand-
ardised surveillance protocol adapted to the local environment, (2) conducted 8 days of theoretical and practical
rodent surveillance training (7th-14th June 2022), and (3) 3 months of pilot rodent surveillance after the training
(June-—August 2022), respectively (see details of the three activities under “guidelines preparation’, “prepara-
tion of course materials” and “pilot surveillance study” below). Reports of the “Rodent Control Assessment
Workshop” and “Environmental Health Advisor for the Bahamas Hurricane Dorian Response” conducted in
April-May 2019 and October 2019 were instrumental in developing this training. The reports highlighted the
strengths and weaknesses of the Department of Environmental Health Services (DEHS), which is the arm of
the Ministry of Environment and Natural Resources that drives the management of rodent population in the
Bahamas. These reports revealed that rodent surveillance in the Bahamas relies on a “top-down” approach that
lacks data standardisation across monitored areas, subsequently impacting the accurate definition of rodent
infestation, damage level and pathogens spillover in the given area. Based on this, we developed a situational
analysis, developed an explicit guidelines for rodent surveillance, as well as a multi-sectoral integrated rodent
surveillance protocol that was used during the training and pilot surveillance program (see below, the course
preparation, design and surveillance for details).

Guidelines preparation

Before the training session per se, we developed an integrated pest management (IPM) guideline (Supplementary
Annex I) to aid the standardisation of site-specific rodent management protocol with likely interventions in the
Bahamas. Briefly, we carefully explained the phases of IPM as applicable to the Bahamas. In particular, basic
biology and ecology of rodents; the planning phase consisting of: identification of rodent-associated problems
and areas to be surveyed based on previous study results & direct or indirect reports of rodent sightings/activities,
the definition of activities and resources required for the programs; methods of rodent infestation surveillance
essentially based on modified exterior and interior Centers for Diseases Control and Prevention (CDC) survey
form®, and including direct and indirect observation of rodent signs, a survey using community perception/
sightings, track plates, bait consumption, chew cards and rodent trapping; definition of rodent threshold levels
which establish the level of acceptable rodent infestation in and around the household; possible interventions
such as sanitation improvement, habitat management, diversionary feeding, exclusion, scaring and usage of
repellents, chemical control, mechanical and biological control; evaluation of results, notably the assessment of
the effectiveness of the intervention; and plans for the continuity of the actions likewise adherence to bio-safety
measures.

Course preparation, design and surveillance

The rodent surveillance training team consisted of multidisciplinary professionals drawn up from four institu-
tions, namely: the DEHS, PAHO, WHO and Instituto de Saude Coletiva, Universidade Federal da Bahia, who
collaboratively worked to execute the rodent surveillance training and the post-training pilot surveillance. These
four institutions regularly organised weekly meetings for 8-weeks before the training to plan and shape the train-
ing program. Specifically, they extensively studied the previous reports and the findings of Awoniyi et al.*® which
characterised the unsatisfactory top-down method used for evaluating rodent infestation in urban communities
of the Bahamas. This method principally relied on reports of rodent sightings lasting less than or equal to 4 h per
day, and the ineptness of the rodent control method (chemical application) used across disadvantaged community
to develop innovative surveillance and likely control strategies. These baseline reports guided the identification
of the relevant items to be included in the training module, the type of rodent surveillance and format, teach-
ing method, study area-sample size, materials and documents to be used, appropriate training period and the
profession/number of the audience (trainers) and community members to be invited and engaged. Following the
request of the DEHS representatives and subsequent evaluation during the teams’ weekly meetings, it was agreed
that the training should focus on the following topics: basic rodent biology; the economic impact of rodents on
agriculture, health and household properties; rodent survey methods (track plate, rodent trapping and exterior
& interior household survey); definition of the study area; geographical identification of households/sampling
points; dataflow; interpretation of data and community collaborative mapping; and rodent management (in the
framework of an Integrated Pest Management approach). These topics were delivered by seasoned experts dur-
ing the rodent surveillance training. It was believed that the wide panel of training components would inspire
the standardisation of rodent surveillance, maintenance of accurate and unified data, and provision of essential
information during rodent management program that would facilitate a better understanding of the drivers of
rodent proliferation and subsequent intervention proposal that is suitable for the Bahamas.

Preparation of course materials (theoretical and practical)

Course procedure. To evaluate the socio-environmental factors driving rodent proliferation, the train-
ing course described techniques that are available to assist DEHS staff, Ministry of Agriculture and Marine
Resources, the Ministry of Health and other local communities/multi-sectoral bodies that are interested in
rodent-related studies in setting up rodent surveillance, gathering information about local rodent infestation
and evaluating possible factors that could influence rodent infestation in the environment. For this purpose, the
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training was structured into two components: theoretical and practical. During the theoretical component of the
rodent surveillance training, revised topics requested by the DEHS representatives were discussed.

As a baseline material, we modified previous manuals such as the CDC for exterior and interior rodent
survey®$, the track plate protocol from Hacker et al.*’, the snap trap protocol from Woodman et al.* and the
“Levantamento Rapido de Indices para Aedes aegypti—LIRAQ” guideline by Brazil®® to develop specific proto-
cols that remedy the flaws identified in the previous protocol and are suitable for the Bahamas’ condition. These
Bahamas-specific protocols are described in detail under “preparation of protocols” and include the following
components: definition of sampling size; preparation of maps; preparation of databases; approaching residents;
household survey protocol, track plate and snap trap protocols as well as a road map for community collabora-
tive engagement. The protocols were also used to train the course participants about different rodent survey
techniques such as exterior and interior household rodent inspection, track plate and snap trap application.

Briefly, the household survey protocol provided a means of obtaining information about rodent infestations
and environmental factors influencing rodent proliferation in the study areas. The track plate (TP) and snap
trap (ST) protocols provided proxies for infestation level, providing information such as the distribution and
approximate abundance of rodents in the environment which are fundamental for environmental management*.
Likewise, considering that community participation in collaborative mapping is a proven instrument for collating
information about local problems, residents’ perception and likely social solutions®®, these were additionally used
to identify high-risk locations for rodent infestation in addition to the experimental findings.

Preparation of protocols

Definition of sampling size. To test the developed protocol using a pilot-surveillance, we adapted the LIRAa
guideline originally developed for Aedes aegypti™ to estimate the appropriate sample size for the rodent pilot-
surveillance activities. To facilitate field logistics and sampling point identification, we divided the study area
into blocks (using distinct geographical features such as at least three intersecting streets, roads and other man-
made boundaries that can be easily delineated on a map) and used a conditional stratified random selection to
choose the blocks to be surveyed in a way that minimize the selected blocks from sharing boundary within the
study area. We then relied on a systematic random sampling technique to select one of every other household
(sampling point) for rodent surveillance in each of the selected blocks. Specifically, each study area contained
between 4 and 9 blocks depending on the size of the area, and each block contained on average 18 households
(sampling points).

Briefly, the LIRAa protocol recommends sampling at least 450 households (number of sampling points—
“n”) for an area possessing between 2000 and 8100 households, with the LIRAa guideline offering a formula
that can be used to correct for the recommended 450 households based on the specific number of households/
properties in the study area. This formula is shown below and used for calculating the required sample size for
this pilot study:

(a) Household sample size (n):n = 450 = 1 + (%) where N =number of households or properties in the area,
in this case N = 2,527 with 144 blocks (A) using QGIS Version 3.22.

The approximate number of households in a block:

(b) Average number of households in a block (B): B=number of households or properties in the area/number
of blocks of area (N/A) =where our N=2527 and A =144.
(¢) Number of blocks to be surveyed (Q): From the definition of the number of properties to be sampled, it
was necessary to determine the “Q”
Q = household samgle size(n) <+ average number of households in a block/2.

ThereforeQ =n+ 3

18

=381 - — =42.
Q 2

Note: the value “2” in the denominator corresponds to the recommendation of sampling 50% of the
households/properties in the selected blocks.

All blocks and households selected for the survey were numbered during the inspection to facilitate easy
identification.

Preparation of maps and database. Following the proliferation of rodents in the study areas after the occur-

rence of Hurricane Dorian in 2019, 50% of the affected areas (7 areas) were selected for pilot rodent surveillance
as defined by the sampling strategy above. A map of the study areas containing the randomly selected blocks
from each area was produced using spatial analysis software QGIS Version 3.22 (Fig. 3).

Additional maps containing the selected blocks from each study area were produced to assist the field teams
in identifying the households to be visited and surveyed during the fieldwork. Figure 3 was also used during the
community collaborative mapping to indicate possible rodent foci as identified by the residents.

To encourage data homogeneity and standardisation of results across study areas, we used web-based software
called Research Electronic Data Capture (REDCap) to create a database for the project. The REDCap is a secured
environment that can be used to store and export datasets into statistical programs such as SPSS, R, Stata, and
Epiinfo, among other data analysis software (see Supplementary Annex IV for more details).

Scientific Reports |

(2024) 14:4503 | https://doi.org/10.1038/s41598-024-55203-5 nature portfolio



www.nature.com/scientificreports/

77°21.4W 77°20,6W 77°20.2W
¥ g Y ' LOCATION OF THE
STUDY AREAIN
BAHAMAS.
< oA |
by’ o e
& )////,/
g
°§ Blocks

[ ]

Scale: 1:5500 J,
0 55 110165 m
— —

25°3,6'N

Geagraphic Coordinato Systom
Geodetic Reference System: WGS84
ORIGINAL SIZE: ISO A3

Figure 3. General study map showing the location of the blocks in the study community, blocks used for rodent
surveillance are highlighted in yellow. The numbers 1 to 7 correspond to study areas 1 to 7. The figure was
generated using QGIS Version 3.22 software.

Approaching residents. 'We adapted the procedure of Pan-American Organization for Health* to approach the
residents upstream the field survey. Briefly, this protocol emphasised the need to: meet with community leaders
and seek their approval for conducting a rodent survey; explain the details of the experiment i.e. its objectives,
methods and expected benefits to the community; explain the required level of support from the community/
residents; politely introduce the team members to residents; ask the residents if they could join in the survey
of their residences and express appreciation for their collaboration while seeking the perfect opportunity to say
goodbye after the inspection of their residences.

Household rodent survey. Households were surveyed to monitor and evaluate the severity of rodent infesta-
tion and the causal conditions encouraging rodent infestation in the area, in a way to guide future rodent inter-
vention programs. We slightly modified the CDC* manual to develop a simple household inspection procedure
that consisted of observing active rodent signs (e.g. faeces, trails, grease marks, gnawed materials and active bur-
rows) and identifying causal conditions (e.g. harbourage source-abandoned appliances, food source-improper
waste disposal, animal feed, water source-leakages, stagnant water, etc.). We recorded and saved information
obtained for each of these variables in the web-based REDCap software using a structured rodent exterior and
interior survey form (Supplementary Annex II). The presentation of the team members and the project to the
residents was followed by the inspection of residents’ facilities upon their approval at each surveillance point,
and residents were encouraged to join in the inspection, if possible. Moving objects during the survey exercise
was discouraged, while storage areas, kitchens and perimeters of the walls were thoroughly checked for any
rodent signs (observed active rodent signs).

Ethics approval and consent to participate. We ensured that all methods were carried out in accordance with
relevant guidelines and regulations, and reported in accordance with ARRIVE guidelines. Ethical clearance to
conduct household rodent surveillance and trapping was granted by the Ministry of Environment and Natural
Resources, Department of Environmental Health Services” ethics committee. All participating residents whose
houses were inspected during the environmental surveillance gave their informed consent before the survey, and
consents were sought from residents aged 18 years and above.

The entire pilot study was conducted in compliance with the Bahamas laws regarding ethics in research.

Track Plates (TP) & Snap Traps (ST). 'The protocols that have been extensively described and previously vali-
dated by Hacker et al.** and Woodman et al.** were simplified and used for TP & ST training, respectively. The TP
is capable of evaluating the distribution and activities of rodents (but not their abundance or density), especially
when carried out for two consecutive nights. A 0.2 x 0.2 m acetate sheet (TP) was painted with weather-resistant
lampblack, which dried off in less than 5 min using a paint roller. The TP is capable of capturing different types of
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marks left by rodents, such as paw prints, tail marks and scratches. These marks were recorded and evaluated as
positive signs of rodent infestation (see Supplementary Annex V-Part I for a brief guideline). The ST is useful for
either managing rodent populations or for determining species richness and relative abundance. Field officers
were encouraged to conduct at least one to two days of pre-baiting before trapping proper, as this has been shown
to increase rodent trapping success and prevent neophobia among the rodent community*®34>>5%-6°, Before trap
placement, field officers obtained trapping permit or approval where necessary; checked the functionality of
the traps; placed traps in areas with no or low livestock activities (to prevent the killing of non-target species);
marked all trapping points on the map; placed traps in areas with active rodent signs (i.e. rodent runs, trails, bur-
rows etc.); placed traps at noon and checked them at dawn while discarding carcasses according to the procedure
for discarding biological waste (see Supplementary Annex V-Part II for a brief guideline).

Community collaborative meeting and mapping. The community conversation approach was planned and
implemented based on years of study and experiences in vulnerable urban communities of Salvador, Brazil®'~%3.
Residents belonging to different socioeconomic and education levels, age groups and genders, residing in the
blocks of the study areas (with previous reports of rodent sightings) and who participated in the household
rodent survey were deemed eligible and invited to the community meeting.

Members of the research team conducted visits and invited residents who live within the study community,
presenting the objectives of the project and the organisations involved in the pilot study. The team also confirmed
residents’ availability and communicated details (i.e. venue, day and time) of the meeting to the invitees. In total,
11 influential community members/participants, were selected to represent the study areas depending on its
size (i.e. religious and civil society leaders who could express the community perspectives on rodent infestation,
the causal factors and suggest strategic locations for potential intervention, while also assisting to disseminate
the purpose and outcome of the meeting to other community members), during the community meeting and
collaborative mapping. The meeting (face-to-face) was co-facilitated by a representative of the participants,
ensuring a conducive environment for the free expression of opinions, with the participants entrusted with the
responsibility of communicating the project initiative to other community members.

The meeting commenced with obtaining oral consent from e community member, followed by a brief self-
introduction of both the participating community members and the research team. Subsequently, the purpose
and outline of the program (Supplementary Annex VI-Part I) were presented to the participants. Using a semi-
structured interview (Supplementary Annex VI-Part II), the dialogue primarily focused on subjects such as
problems facing inhabitants of the community, knowledge about rodents, perception and exposure to risk fac-
tors, collaborative mapping, and actions to reduce risk, thus allowing participants to broadly express their minds
even beyond the pre-conceived items contained in the training document. Upon participants’ responses, we
provided suggestions on potential factors that could influence rodent circulation and control in the community,
drawing from literature®® and previous studies from the same community®’. For instance, participants were
asked to consider the impact of unemployment, insecurity, proximity to abandoned property, extreme weather
events, access to dumpsters and regular garbage pick-up schedule by the government, pets management, local
method of rodent control, social custom/taboos about rodents and availability of resources required for rodent
surveillance and control on the effectiveness of rodent population management. Each participant was allocated
an average response time of between 15 and 20 min, resulting in over 3 h of conversation with the participants.
The key opinions expressed by the participants were written by a member of the research team for evaluation
during the expert meeting in an attempt to guide a holistic site-specific rodent surveillance and control program
in the Bahamas. Key points from the minutes of the meeting were extracted and stratified into “factors capable
of influencing rodent proliferation, suggested solutions and collaborative mapping of rodent-related issues at
the area level” during the expert meeting. Although this method has faced criticism for perceived limitations in
lacking rigor, it has been reported to provide locally specific in-depth information useful for guiding policymak-
ers during decision-making®, and garnering local support for intervention initiatives®.

Also, during the community meeting, participants were also engaged in collaborative mapping (the process by
which a group of individuals or community members work together to aggregate a map that reflects their collec-
tive knowledge, observations and experiences of a particular area or issue®®), in this case, targeted at identifying
areas or places with increased rodent presence; accumulated garbage; abandoned properties; accumulated rubble;
and overgrown vegetation (Supplementary Annex VI-Part III). It is believed that this map would contribute to
the definition of priority areas that require attention during intervention, and to promote future sustainable and
culturally appropriate interventions based on community participation®.

Pilot surveillance study

Pilot community (over-the-hill). The study community (Fig. 3) has been previously described in part by
Awoniyi et al.*’. The disadvantaged low-income community of Over-the-Hill was founded by freed African
slaves in the 1800s and represented their core socio-cultural and educational activities post-slavery era. Over-
the-Hill is bordered by School Lane to the north, Collins Wall to the east, Nassau Street to the west and Wulff
Road to the south. However, the community that once produced the most accomplished and noteworthy Baha-
mians in modern history, has experienced a pitiful level of deterioration in recent years and is now a hotspot
of violent and crime activities and poverty®®. Over-the-Hill is the most marginalised and poorest community
in the Bahamas. The community is now epitomised by dilapidated buildings with no access to electricity and
potable water, overgrown properties, abandoned vehicles and furniture, haphazard dumping of refuse, frequent
reports of rodent sightings, and high unemployment where only 5 out of every 100 working-age residents are
often gainfully employed in formal jobs®. The current study community was chosen based on previous records
of high rodent sightings™.
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Surveillance points. Seven hundred and thirteen points were randomly selected across 42 blocks, as suggested
in the definition of the sampling size for the cross-sectional survey. We excluded two hundred and fifty-six of
the points due to inaccessibility or missing data, leaving us with four hundred and fifty-seven points. We used
the household rodent survey form to extensively inspect the 457 points for three months (June-August 2022).
Additionally, we conducted a-night rodent trapping at these points. Prior to the inspection, we followed recom-
mendations on how to approach residents and carefully inspected designated households (as contained on the
map) for active rodent signs. Following the surveillance exercise, all data obtained from the field (rodent surveil-
lance and trapping) and community engagement meeting were uploaded to the REDCap account created earlier
for subsequent analyses.

Analyses. To evaluate the socio-environmental variables associated with rodent proliferation in Over-the-Hill,
we used a generalized linear model (GLM) with a logistic link and binomially distributed error structure. At each
sampling point, our response variable was coded as 1 if there was at least one active sign of rodent infestation
(such as reports of rodent sightings, runs, burrows, presence of faecal material, or gnawed material), and coded
as 0 if none of these signs were noted.

Before testing for the effect of socio-environmental variables on rodent infestation (using active rodent signs
as a proxy), we controlled for environmental variables that could influence rodent infestation. We first used
separate GLMs to test for the relationships between the response variable and each of the following explanatory
variables: premise type; presence of garbage, presence of water & food; the number of dwelling units; closeness
to sewer, presence of unapproved refuse storage, privy closet, dilapidated fence and structural deficiencies;
households with pipe or wiring gaps, presence of overgrown vegetation; the number of domestic animals; and
harbourage access i.e. presence of construction materials. Variables with p-values of <0.15 from the single-factor
models were included in a provisional multi-factor model since opting for the more conventional level of 0.05
at this stage could fail to identify all the important variables®”. A mixed forward and backward stepwise model
selection approach was then used to determine the final model using the Akaike Information Criterion (AIC).
We chose the most parsimonious model with AAIC <2 compared to the minimum as the final model®.

All analyses were performed in R version 4.3.0%, using the Ime4 “nAGQ=9""" and MuMIn “v1.43.17”7!
(Barton, 2020) packages.

Data availability
All datasets and codes used during this pilot study are available in Zenodo under Creative Commons 4.0 license,
accessible through https://doi.org/https://doi.org/10.5281/zenodo.8023411.
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