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EXTENDED ABSTRACT

Bacteria and viruses carried by rodents, and domestic dogs can
have significant public health implications. Rodents are known
reservoirs of several zoonotic diseases, such as Hantavirus
hemorrhagic fever, Lassa fever virus, plague, tuberculosis and
leptospirosis. Also, domestic dogs carry zoonoses like rabies,
leptospirosis, salmonellosis, ehrlichiosis and borreliosis. Zoonotic
diseases pose a substantial risk to communities’ health, mostly in
wildlife, domestic animals and human interface areas. Ngorongoro
district is the home of various wildlife and domestic animals
cohabiting with humans. The district is experiencing the expansion
of human activities which brings rodents into close proximity with
human settlements. Previous studies conducted in livestock and
human patients attending the health facilities have documented the
existence of antibodies of zoonoses like Rift Valley fever,
Brucellosis, Anthrax, and molecular detection of Bovine tuberculosis.
While previous studies have examined the transmission of
pathogens in livestock and hospital-based research in humans
within the district, the specific role played by rodents and domestic
dogs in transmitting pathogens remains largely unknown. This
research gap necessitated conducting a comprehensive
metagenomics study to assess the diversity and abundance of
bacteria and viruses circulating among rodents, domestic dogs and
humans as well as the communities understanding of rodent-borne
diseases, including RVF, in the Ngorongoro district of Tanzania. The
Rift Valley fever was frequently previously reported to occur within
livestock and human populations of the Ngorongoro district. The
disease caused significant morbidity and mortality in both livestock
including humans.

To address the objectives, the study used lllumina and Oxford
Nanopore technologies to identify bacteria and viruses in 530 blood
samples collected from 200 humans, 230 rodents, and 100 domestic
dogs. Numerous bacteria and viruses were detected and identified



by using MiSeq and MinlON sequencers with a Kraken2 data
analysis program. Moreover, the study used 3 focus groups, 20 key
informant interviews, and the questionnaire (N=352) to collect
information on communities’ awareness on rodent-borne diseases
and Rift Valley fever. The logistic regression model was used to
examine the relationship between demographic factors and
communities’ knowledge, attitudes and practices toward rodent-
borne diseases and RVF occurrences.

In all three hosts, various pathogenic and zoonotic bacterial species
were detected. Zoonotic airborne and contagious bacteria such as
Mycobacterium spp, Mycoplasma spp, Bordetella spp and
Legionella spp were spotted in rodents, domestic dogs and humans.
Arthropod-borne zoonotic bacteria like Bartonella spp, Borrelia spp,
and Rickettsia spp were detected in all three hosts, while Orientia
spp were found in rodents and dogs. Yersinia pestis, Streptobacillus
spp and Anaplasma spp were identified in rodents only. Waterborne
and foodborne zoonaotic bacteria were also spotted in all three hosts,
including Leptospira spp, Brucella spp, Bacillus spp, and
Salmonella. Generally, rodents carried a high proportion of zoonotic
bacteria compared to dogs and humans. The detection of zoonotic
bacteria in all three hosts showed the possibilities of cross-species
transmission of infections between animals and humans sharing the
same environment.

Several viral families and species were detected and identified in
this study. A total of 20 RNA and 20 DNA viral families and
unclassified RNA viruses were detected. The majority of viral
families were detected in rodents when compared to domestic dogs
and humans. Peribunyaviridae, Hantaviridae, Phenuiviridae,
Flaviviridae, Coronaviridae, Orthomyxoviridae, Paramyxoviridae,
Retroviridae, Picornaviridae, Arenaviridae, Togaviridae, and
Tobaniviridae are zoonotic RNA viruses identified in rodents. The
zoonotic DNA viruses detected in rodents were Adenoviridae,
Poxviridae, Herpesviridae, Anelloviridae, and Circoviridae.
Peribunyaviridae and Hantaviridae viruses were identified in both



rodents and humans, whereas Retroviridae was detected in rodents
and domestic dogs. Unclassified +ssRNA viruses were spotted in
domestic dogs and humans. Lastly, Herpesviridae was found in all
three hosts. In comparison with domestic dogs and humans, rodents
harboured potential zoonotic viruses of public health safety.

Result showed that 8.52% of respondents had good knowledge,
35.5% had a positive attitude, and 94.3% had good practices toward
rodent-borne diseases. The study revealed that only 28.13% of
participants were aware of rodent-borne zoonoses. The majority of
them (77.27%) believe that rodents are pests that destroy crops and
do not transmit pathogens. Moreover, the findings showed that the
majority of respondents (82.9%) live in huts which can provide
shelter for rodents. Additionally, except for education, the level of
knowledge had no significant relationship with most of the
participants’ demographic variables. Respondents with secondary
education (p=0.017) had good knowledge of rodent-borne diseases
and management when compared to those without education.
Despite showing good practices, the communities still don’t have
enough knowledge of rodent-borne infections.

The findings further showed that only 36.1%, 38.64%, and 16.19%
of participants had good knowledge, positive attitudes and effective
preventive practices about RVF occurrences, respectively. The
significant demographic variables related to good knowledge and
positive attitudes were gender (P<0.05), occupation (P<0.05) and
education (P<0.05). Male respondents had good knowledge of RVF
epidemiology. Individuals with formal education had good knowledge
and exhibited positive attitudes towards RVF occurrences.
Agropastoral members had a significantly negative attitude toward
RVF occurrences compared to pastorals (P=0.048). The study
revealed that the majority of respondents had poor knowledge,
negative attitudes and ineffective preventive practices towards RVF
epidemiology. Probably, these results were attributed to the lack of
regular education campaigns to increase community awareness of
the disease.



This study novelty is based on the fact that it is the first to provide
the baseline information on the diversity of pathogenic and zoonotic
bacteria and viruses in rodents, domestic dogs and humans sharing
the same environment. Likewise, it established the levels of the
communities’ knowledge, attitudes and practices toward rodent-
borne diseases including Rift Valley fever in Ngorongoro district for
the first time. The study population had inadequate knowledge and
negative attitudes toward rodent-borne diseases and RVF.
Therefore, one health multidisciplinary approach is recommended in
order to safeguard public and animal health from acquiring
zoonoses. Provision of health education should be a long-term
practice to prevent diseases outbreaks in Ngorongoro district and in
Tanzania at large.

Keywords: Metagenomics next-generation sequencing, bacteria,
viruses, rodents, domestic dogs, humans, Knowledge,
Attitudes, Practice, zoonoses, Ngorongoro, Tanzania.



IKISIRI KUU

Bakteria na virusi wanaobebwa na panya wanaweza kuwa na athari
kubwa kwenye afya ya binadamu na wanyama wengine. Panya
wanajulikana kuwa wanahifadhi vimelea vya magonjwa mfano virusi
vinavyosababisha homa kama vile Hantavirus hemorrhagic fever,
Lassa virus fever, na bacteria wanaosababisha magonjwa kama vile
tauni, kifua kikuu, na leptospirosis. Pia, mbwa wa ndani
wanasambaza magonjwa kama kichaa leptospirosis, salmonellosis,
ehrlichiosis, na borreliosis. Magonjwa ya kuambukiza yanaleta hatari
kubwa kwenye afya ya jamii, hasa katika maeneo ya mwingiliano
kati ya wanyamapori, wanyama wa ndani, na binadamu. Wilaya ya
Ngorongoro ni makazi ya wanyamapori na wanyama wa ndani
wanaoishi pamoja na binadamu. Wilaya hiyo inakabiliwa na
kuongezeka kwa shughuli za kibinadamu ambazo zinaleta panya
karibu na makazi ya binadamu. Utafiti uliofanywa kwenye mifugo na
binadamu waliohudhuria vituo vya afya ulithibitisha kuwepo kwa
magonjwa ya kuambukiza kama vile homa ya Bonde la Ufa, homa
ya kutupa mimba, kifua kikuu, na kimeta. Ingawa utafiti uliopita
ulitathmini magonjwa ya kuambukiza katika mifugo na wagonjwa
wilayani hapo, mchango wa panya na mbwa katika kusambaza
bacteria na virusi bado ulikuwa haujulikani. Pengo hili la utafiti
lilipelekea kufanya utafiti wa metagenomics ili kutambua aina za
bakteria na virusi kwa panya, mbwa wa ndani, na binadamu pamoja
na kutathmini uelewa wa jamii juu ya magonjwa yanayosambazwa
na panya, Pamoja na ugonjwa wa Homa ya Bonde la Ufa katika
wilaya ya Ngorongoro. Homa ya Bonde la Ufa iliripotiwva mara kwa
mara kutokea wilayani hapo na ilisababisha vifo vingi vya mifugo
pamoja na binadamu.

Utafiti huu ulitumia teknolojia za Illumina na Oxford Nanopore katika
kutambua bakteria na virusi vilivyopo kwenye sampuli 530 za damu
zilizokusanywa kutoka kwa binadamu 200, panya 230, na mbwa wa
ndani 100. Bakteria na virusi kadhaa viligunduliwa na kutambuliwa
kwa kutumia mashine za MiSeq na MinlON pamoja na programu ya



vi

uchambuzi wa data ya Kraken2. Aidha, utafiti huu ulitumia vikundi
vya majadiliano 3, mahojiano ya watu wa ufahamu muhimu 20, na
kujaza dodoso(N=352) ili kuweza kukusanya taarifa za ufahamu wa
jamii juu ya magonjwa yanayosambazwa na panya na homa ya
Bonde la ufa. Njia ya logistic regression ilitumika katika kuchunguza
uhusiano kati ya kidemografia na ufahamu, mitazamo na mazoea ya
jamii kuhusiana na magonjwa yaenezwayo na panya.

Utafiti ulitambua bakteria mbalimbali wanaosababisha magonjwa ya
kuambukiza kwa binadamu na wanyama. Bakteria wanaosambazwa
kwa njia ya hewa kama Mycobacterium spp, Mycoplasma spp,
Bordetella spp na Legionella spp walipatikana kwa panya, mbwa na
binadamu. Bacteria waenezwao kwa njia ya wadudu kama vile
Bartonella spp, Borrelia spp, na Rickettsia spp walionekana pia kwa
panya, mbwa na binadamu, Orientia spp ziligunduliwa kwa panya na
mbwa. Yersinia pestis, Streptobacillus na Anaplasma walionekana
kwa panya tu. Bacteria wanaoenezwa kwa njia ya vyakula, maji na
mazingira walitambuliwa pia, ikiwa ni pamoja na Leptospira spp,
Brucella spp, Bacillus spp, na Salmonella spp. Kwa ujumla, panya
walibeba idadi kubwa ya bakteria ikilinganishwa na mbwa na
binadamu. Kupatikana kwa bakteria wanaoambukiza kwenye panya,
mbwa na binadamu, inaonyesha uwezekano wa kuwepo kwa
maambukizo kati ya wanyama na binadamu wanaoishi Pamoja.

Jumla ya familia za virusi 20 RNA na 20 DNA zilitambuliwa katika
utafiti huu. Familia nyingi za virusi zilipatikana kwenye sampli za
panya ikilinganishwa na za mbwa na binadamu. Peribunyaviridae,
Hantaviridae, Phenuiviridae, Flaviviridae, Coronaviridae,
Orthomyxoviridae, Paramyxoviridae, Retroviridae, Picornaviridae,
Arenaviridae, Togaviridae, na Tobaniviridae ni virusi vya RNA
vyenye spishi za kuambukiza zilizopatikana kwenye sampuli za
panya. Virus vya kuambukiza vya DNA vilivyotambuliwa kwenye
panya ni Adenoviridae, Poxviridae, Herpesviridae, Anelloviridae, na
Circoviridae. Virusi vya Peribunyaviridae na Hantaviridae vilipatikana
kwenye panya na binadamu, wakati Retroviridae ilitambuliwa kutoka
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kwenye panya na mbwa. Virusi visivyoainishwa +ssRNA vilipatikana
kwaenye mbwa na binadamu. Familia ya Herpesviridae ilipatikana
kwenye panya, mbwa na binadamu. Ikilinganishwa na mbwa na
binadamu, panya walikuwa na virusi vingi vya kuambukiza ambavyo
ni hatari kwa afya ya jamii.

Matokeo vyalionyesha kuwa 8.52% vya washiriki walikuwa na
ufahamu mzuri, 35.5% walikuwa na mtazamo chanya, na 94.3%
walikuwa na mazoea mazuri kuhusu magonjwa yatokanayo na
panya. Utafiti ulibaini kuwa washiriki wachache tu (28.13%)
walikuwa na ufahamu wa magonjwa ya kuambukiza kutoka kwa
panya. Wengi wao (77.27%) wanadhani kuwa panya ni mnyama
mharibifu wa mazao na hawana uwezo wa kusambaza vimelea vya
magonjwa. Zaidi, matokeo vyalionyesha kuwa washiriki wengi
(82.9%) wanaishi katika vibanda ambavyo vinaruhusu panya kuingia
ndani. Isipokuwa viwango vya elimu, kiwango cha ufahamu
hakikuwa na uhusiano mkubwa na sababu nyingi za kidemografia za
washiriki. Washiriki wenye elimu ya sekondari (p=0.017) walikuwa
na ufahamu mzuri juu ya magonjwa yanayoenezwao na panya
ikilinganishwa na wale wasio na elimu. Licha ya kuonyesha tabia na
vitendo vizuri, jamii bado haina ufahamu wa kutosha kuhusu
magonjwa ya kuambukiza kutoka kwa panya.

Matokeo pia yalionyesha kuwa 36.1%, 38.64%, na 16.19% ya
washiriki walikuwa na ufahamu mzuri, mtazamo chanya, na
matendo madhubuti ya kuzuia matukio ya homa ya bonde la ufa.
Sababu za kidemografia zinazohusiana na ufahamu mzuri na
mtazamo chanya zilikuwa ni jinsi (P<0.05), kazi (P<0.05) na elimu
(P<0.05). Washiriki wa kiume walikuwa na ufahamu mzuri wa
epidemiolojia ya homa ya bonde la ufa. Watu wenye elimu rasmi
walikuwa na ufahamu mzuri na walionyesha mtazamo chanya
kuhusiana na kuzuia na kudhibiti matukio ya homa ya bonde la ufa.
Wakulima-wafugaji walikuwa na mtazamo hasi juu ya namna homa
ya bonde la ufa inavyotokea ikilinganishwa na wafugaji (P=0.048).
Utafiti ulibaini kuwa washiriki wengi walikuwa na ufahamu duni,



viii

mtazamo hasi na tabia zisizo ridhisha za kuzuia homa ya bonde la
ufa. Labda, matokeo haya yalitokana na ukosefu wa kampeni za
elimu ili kuongeza ufahamu wa jamii kuhusu ugonjwa huo.

Kwa ujumla utafiti ulibaini kuwa panya walikuwa wamebeba bakteria
na virusi hatari vya magonjwa ya kuambiza kuliko mbwa, na
binadamu. Pia, utafiti huu ulifanya tathmini ya viwango vya ufahamu,
mitazamo na tabia za jamii kuhusiana na magonjwa ya kuambukiza
kutoka kwa panya hasa homa ya Bonde la Ufa katika wilaya ya
Ngorongoro kwa mara ya kwanza. Washiriki wengi walikuwa na
ufahamu mdogo na mitazamo hasi juu ya kuwepo kwa magonjwa
yanayoenezwa na panya na pia kujikinga dhidi ya homa ya bonde la
ufa. Kwahiyo, afya moja programu inashauriwa kutumika ili kulinda
afya ya jamii na wanyama dhidi ya magonjwa ya kuambukiza. Utoaji
wa elimu ya afya unapaswa kuwa wa muda mrefu ili kuzuia milipuko
ya magonjwa katika wilaya ya Ngorongoro na Tanzania kwa ujumia.

Maneno muhimu: Metagenomics next-generation sequencing,
bakteria, virusi, panya, mbwa, binadamu, ufahamu, Mitazamo,
magonjwa ya kuambukiza, Ngorongoro, Tanzania.
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

1.1 Introduction and Literature Review

Rodents play a crucial role in the transmission of zoonotic
pathogens to humans and other animals globally (Mazigo et al.,
2010). Rodents such as rats and mice, have been recognized as
important reservoirs and carriers of bacteria and viruses, which pose
significant public health risks (Rabiee et al., 2018). These rodents
have been implicated in the transmission of diseases like
Leptospirosis (Biggs et al.,, 2011), Salmonellosis and Plague, Rift
Valley fever (Sumaye et al.,, 2004), and Hantavirus hemorrhagic
fever (Mazigo et al., 2010). They potentially spread infectious agents
to humans and animals through various routes such as i) direct
contact with infected rodents by consumption or exposure to their
urine, faeces, saliva and blood (Mazigo et al., 2010); ii)
ectoparasites, such as fleas, ticks, and mites are found on rodents
and can transmit diseases to other animals and humans via bites
(Sumaye et al., 2004). For instance, fleas transmit Yersinia pestis a
causative agent of Plague, and Bartonella species (Theonest et al.,
2019), and Murine typhus (Sumaye et al., 2004), and ticks can
transmit Lyme disease and Rocky Mountain spotted fever (Theonest
et al., 2019); iii) contaminated water and food: it has been reported
that rodents can contaminate water sources and food with their
droppings, urine and saliva (Mgode et al.,, 2014). If animals and
humans drink or eat contaminated water or food can get infections.
Iv) Contaminated environments: rodents can introduce zoonoses
indirectly by contaminating the environment with their pathogens,
and then animals and humans acquires the infections from the
environment (Mgode et al., 2014).

Additionally, it has been found that the expansion of human activities
in the Ngorongoro district brings rodents and their ectoparasites into
close contact with humans and domestic animals (Shilereyo et al.,
2021; Shilereyo et al., 2022). This can contribute to the transmission



of rodent-borne pathogens to humans and domestic animals
(Shilereyo et al., 2022). Crops cultivation is a significant human
activity in the district, and cereal crops and improper storage of food
attract rodents to crop fields and inside houses. Livestock keeping is
another essential economic activity in the district which contributes
to attracting rodents close to human settlements (Shilereyo et al.,
2022). It has been found that rodents are attracted to livestock feed
and some insects from decomposed manures (Shilereyo et al.,
2021). Improper waste management practices, such as leaving
garbage uncovered or improperly disposing of organic waste attract
rodents to human residents (Shilereyo et al., 2022). Rodents that
feed on wastes can pick up pathogens and then transmit them to
humans or other animals through contact or contaminated food or
water sources. Poorly constructed houses with inadequate sanitation
in some communities can provide a favourable environment for
rodents’ inhabitation and hence increase the risk of spreading
zoonoses. Another activity includes the increased human population
which leads to the expansion of settlement: As human settlements
expand, they encroach on natural rodent habitat, bringing rodents
into closer contact with humans (Shilereyo et al.,, 2021). The
expansion of human settlements is usually accompanied by
deforestation which disrupts the natural habitats of rodents, causing
them to seek shelter and food in human houses (Shilereyo et al.,
2021).

Furthermore, husbandry practices of domestic dogs in Tanzania,
including Ngorongoro district pose significant risks for zoonotic
disease transmission to humans and other animals (Swai et al.,
2016; Issae, 2018). While dogs can be wonderful companions, their
interactions with humans, and the environment create opportunities
for disease transmission if proper husbandry practices are not
followed (Ghasemzadeh et al., 2015; Swai et al., 2016; Issae, 2018).
Some ways in which these practices can lead to disease
transmission include: 1) lack of vaccination and veterinary care: In
many rural areas of Tanzania, access to veterinary service is limited



(Swai et al., 2016; Issae, 2018). As a result, domestic dogs do not
receive the necessary vaccination and routine care to prevent
diseases, such as rabies, parvovirus, leptospirosis, ehrlichiosis, and
borreliosis (Cleaveland et al.,, 2000; Ghasemzadeh et al., 2015).
This can lead to occurrences of these diseases in humans and other
animals through dog bites, direct contact, contaminated water or
environment, and bites from ectoparasites (Cleaveland et al., 2000).
2) Stray and free-roaming dogs: Uncontrolled breeding and a lack of
responsible animal ownership may result in large population of stray
and free roaming dogs (Ghasemzadeh et al., 2015). It has been
found that stray and free-roaming dogs scavenge for food in
garbage dumps and hunt wild animals like small mammals which
increase the risk of acquiring infectious agents (Cleaveland et al.,
2000; Swai et al., 2016). 3) Close proximity to humans and other
animals: Domestic dogs often lives in close proximity to humans and
their livestock in rural settings (Issae, 2018). This closeness can
facilitate the transmission of diseases from dogs to humans
including livestock and vice versa. 4) Inadequate waste
management practices often lead to environmental contamination
and spread of pathogens. Dog faeces can carry parasites and
pathogens that may persist in the environment and infect humans
and other animals when proper hygiene practices are not observed
(Ghasemzadeh et al., 2015).

Despite the potential threats associated with rodent-borne
pathogens globally, there was limited knowledge regarding the
diversity of zoonotic bacteria and viruses circulating in rodents,
domestic dogs, and humans in Tanzania. The inclusion of rodents,
domestic dogs and humans in diseases surveillance aligns with the
one health approach, which recognizes the interconnections
between human health, animal health, and the environment
(Chauhan et al., 2020). The majority of zoonoses have complex
ecological dynamics involving various hosts, and understanding the
pathogens existing in interface areas is crucial for disease
prevention and control (Chauhan et al., 2020). Monitoring infections



in domestic dogs, rodents, and people at the same time leads to a
thorough understanding of disease patterns, dynamics of
transmission, and risks of cross-species transmission of pathogens.
Therefore, the main goal of this study was to conduct a
comprehensive metagenomics screening of pathogenic bacteria and
viruses in rodents, domestic dogs and humans as well as assessing
knowledge, attitudes and practices (KAP) towards rodent-borne
diseases in the Ngorongoro district, Tanzania. The study established
the diversity, proportions and abundance of pathogenic and zoonotic
bacteria and viruses, and levels of KAP of communities towards
rodent-borne diseases, with a specific focus on Rift Valley fever
(RVF).

Rift Valley Fever (RVF) is a zoonotic disease caused by the RVF
virus, first reported in 1913 in Kenya’'s Rift Valley region. It is
endemic in Sub-Saharan Africa, the Arabian Peninsula, and other
African countries (Sindato et al., 2014). The virus infects various
mammals, transmitted primarily by Aedes and Culex mosquitoes
during periods of heavy rainfall (Mweya et al., 2018). RVF affects a
wide range of animals, with sheep and goats being particularly
susceptible, while humans primarily contract the disease through
contact with infected animals or mosquito bites (Sindato et al.,
2014). Prevention in animals relies on vaccination and vector
control. The disease’s socio-economic impact includes animal and
human deaths, disruption of livestock markets, and financial losses,
making it a significant concern for both veterinary and public health
authorities. RVF episodes have been repeatedly reported in various
parts of Tanzania including the Ngorongoro district (Mweya et al.,
2018). The disease caused substantial morbidity and mortality in
both animals and humans (Sindato et al., 2014; Mweya et al., 2018).
Even though we haven’t found RVF virus in this study, its viral
family, Phenuiviridae was found in rodents. Through an in-depth
exploration facilitated by the KAP study, elucidating the intricacies of
Rift Valley Fever (RVF) transmission dynamics and risk factors
becomes attainable. Armed with this knowledge, targeted



educational initiatives can be implemented to disseminate crucial
information regarding the etiology, transmission pathways, and
preventive measures pertaining to RVF. By fostering a
comprehensive understanding of RVF within the community,
individuals can adopt proactive measures to mitigate the risk of
infection, safeguarding both human and animal populations. This
concerted effort promotes a collaborative approach towards disease
containment, thereby curtailing the adverse impact of RVF on public
health and agricultural sustainability.

Studies documented that prevention and control of zoonotic
diseases require various approaches, including improved
surveillance and monitoring, effective diseases control measures,
and public health education and awareness campaigns (Mweya et
al., 2018; Ndumu et al., 2020). Knowledge, attitudes and practices
(KAP) towards diseases are essential factors which have influence
on transmission of infections (Ndume et al., 2020; Mohamed et al.,
2021). Understanding the KAP of local communities help to identify
gaps in knowledge, attitudes, and practices related to zoonoses, and
guide the development of targeted education campaigns and
interventions. This thesis has provided the baseline information for
understanding knowledge, attitudes and practices of the
communities in the Ngorongoro district on rodent-borne diseases as
well as RVF.

In recent years, metagenomics, coupled with Next-generation
Sequencing (NGS) technologies, have improved the field of
infectious diseases studies (Handelsman, 2004; Kilianski et al.,
2015). Metagenomics allows the study of complex microbial
communities by directly sequencing the collective genetic material
present in a sample, without the need for culturing the microbes
(Handelsman, 2004). It has been found that metagenomics NGS
provides a comprehensive understanding of the diversity, and
abundance of microorganisms in various samples, including the
identification of novel pathogens (Kilianski et al., 2015). Next-



generation Sequencing technologies such as Illumina short reads
and Nanopore long reads have been used in identification of
microbes in samples through partial or whole genome isolation
(Overholt et al.,, 2020). Combining the two technologies allows
researchers to get an entire view of the genome, capturing both
subtle differences within genome and more obvious structural
variations throughout the genome, greatly improving microbial
identification sensitivity and accuracy (Overholt et al., 2020). This
study established the first metagenomics next-generation
sequencing surveillance of infectious agents present in rodents,
dogs and humans from the Ngorongoro district.

1.2 Problem Statement and Justification for the Study

1.2.1 Problem statement

Zoonotic diseases pose significant threats to public health,
especially in regions where humans, wildlife, and domestic animals
frequently interact (Niboye, 2010). Previous research in the
Ngorongoro district has identified various bacterial and viral
infections in livestock and humans, including Anthrax, Bovine
tuberculosis, Leptospirosis, Brucellosis, and Rift Valley fever (Mellau
et al., 2009; Katale et al., 2013; Mbugi et al., 2015; Mwakapeje et al.,
2018; Ahmed et al., 2018; Makala et al., 2020; Motto et al., 2021;).
However, while studies have explored pathogen transmission
among livestock and humans, the role of rodents and domestic dogs
in spreading these pathogens remains largely unexplored. Given
their close association with humans, there is a potential for these
animals to transmit zoonotic pathogens. Addressing this research
gap is crucial for understanding disease dynamics and assessing
public health risks in the Ngorongoro district. Therefore, this study
aimed to comprehensively investigate the contribution of rodents
and domestic dogs to bacterial and viral infection transmission in
Ngorongoro district, enhancing our understanding of disease
dynamics and potential risks to public health.



1.2.2 Justification for the study

The significancy for conducting the study in the Ngorongoro district
of Tanzania is multifaceted and deeply rooted in the need to address
potential public health threats posed by zoonotic pathogens. Firstly,
the interactions among humans, wildlife, and domestic animals in
the district create suitable environment for the transmission of
infectious diseases, particularly from rodents and domestic dogs to
humans and other animals (Onyuok et al., 2019; Xu et al., 2020;
Wang et al.,, 2021). Given the limited knowledge regarding the
diversity and transmission dynamics of these pathogens in the area,
there exists a critical research gap that necessitates comprehensive
surveillance and investigation. Furthermore, the presence of specific
zoonotic diseases caused substantial morbidity and mortality in both
livestock and humans like Rift Valley Fever (RVF) underscores the
importance of understanding disease patterns and risk factors to
implement targeted interventions. By employing cutting-edge
technologies such as metagenomics coupled with Next-generation
Sequencing (NGS), the study aimed at providing a holistic view of
bacteria and viruses landscape, identifying both known zoonotic
pathogens without the need for -culturing. Additionally, the
assessment of community Knowledge, Attitudes, and Practices
(KAP) towards rodent-borne diseases and RVF is crucial for tailoring
educational campaigns and interventions effectively. Ultimately, this
research endeavor aligns with the One Health approach, recognizing
the interconnectedness of human health, animal health, and the
environment, and seeks to empower local communities to
proactively mitigate the risks posed by zoonotic diseases and
safeguard the well-being of both humans and animals in the
Ngorongoro district.

1.3 Objectives

1.3.1 General objective

To perform a metagenomic surveillance of pathogenic bacteria and
viruses found in rodents, domestic dogs, and humans, while also



evaluating the community's awareness of rodent-borne diseases,
notably Rift Valley Fever (RVF) in Ngorongoro district, Tanzania.

1.3.2 Specific objectives

i. To explore the pathogenic and zoonotic bacterial species
found in rodents, domestic dogs and humans of the
Ngorongoro district in Tanzania

ii.  To discern pathogenic and zoonotic viruses present in rodents,
domestic dogs, and humans inhabiting the Ngorongoro district
of Tanzania

iii. To evaluate the community's knowledge, attitudes, and
practices (KAP) concerning rodent-borne diseases within the
Ngorongoro district of Tanzania

iv. ~To assess the knowledge, attitudes, and practices of the
community regarding Rift Valley Fever (RVF) within the
Ngorongoro district of Tanzania

1.4 Research Questions

i.  What is the composition and diversity of bacteria and viruses in
rodents, domestic dogs and humans from the Ngorongoro
district?

i. Are there any potential zoonotic pathogens present in the
study populations?

ii. What is the level of community understanding regarding
rodent-borne zoonoses, particularly Rift Valley fever in the
Ngorongoro district?

1.5 Methodological and Conceptual Frameworks

The study was cross-sectional involved five villages (Orgosorok,
Malambo, Engarasero, Pinyinyi and Sale) of the Ngorongoro district.
The study villages were selected intentionally based on the
availability of domestic animals including dogs and wild animals. A
purposeful sampling method was used in the selection of
households based on the willingness of individuals, and the
availability of rodents, domestic dogs and other animals. The study



used targeted sampling method, where 200 blood samples from
humans, 230 blood samples from rodents, and 100 blood samples
from domestic dogs (Plate 5) were collected. In each village, a
deliberate sampling effort was undertaken, encompassing 40
households from which human blood samples were collected.
Additionally, 46 rodents were meticulously trapped and sampled,
while 20 blood samples were obtained from domestic dogs. The
relatively limited number of dog samples is attributed to the inherent
challenges associated with capturing these animals, as many of
them roam freely and lack close bonds with their owners. Live
trapping of rodents was conducted using Sherman(R) and wire cage
traps baited with peanut butter mixed with maize bran (Mgode et al.,
2014). Rodents were humanely killed using isoflurane in anesthetic
chamber. The ventral surface of euthanized rodents was disinfected
using 70% alcohol, and the blood was collected via the cardiac
puncture method.

Before collecting blood samples from humans and dogs, the
professional personnel ensured hand hygiene by thoroughly
washing with soap and water or using an alcohol rub, paying careful
attention to wrists and spaces between the fingers for at least 30
seconds (WHO, 2010). Following hand cleaning, they donned
protective gloves to shield themselves from infections. The
participants' skin was disinfected using 70% alcohol, starting at the
needle-insertion site and moving outward in several expanding
circles (WHO, 2010). Blood was then drawn from the cephalic veins,
which are the most preferred veins for this procedure (Lima-Oliveira
et al., 2015).

Metagenomics Next-generation sequencing lllumina (used MiSeq)
and Nanopore (used MinlON sequencer (Plate 6) technologies were
applied. Nucleic acids were extracted using the QlAamp® RNA/DNA
Blood Mini Kit following Qiagen's instructions. For MinlON
sequencing library preparation, the PCR-cDNA sequencing-
barcoding kit (SQK-PCB109) was utilized. Meanwhile, sequencing
libraries for the MiSeq platform were prepared using the Nextera™
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XT DNA Library Prep Kit following the supplier's procedures. These
methods ensured comprehensive and accurate genomic analysis,
laying the foundation for robust molecular insights. To identify and
classify bacteria and viruses in metagenomic data, the Kraken2
program version 2.1.2 was used (Wood et al., 2019) with database
constructed from the National Center for Biotechnology Information
(NCBI) reference sequence. This step ensured the precise
identification of zoonotic bacteria and viruses present in the blood
samples.

To gain a holistic understanding of the community on rodent-borne
diseases and Rift Valley fever, a mixed-methods approach was
employed. Questionnaires (Appendix 2) were administered to the
communities, focus group discussions (Appendix 3) were held with
various stakeholders, and key informant interviews (Appendix 4)
(Abdi et al., 2015). The household sample size was estimated using

the formula described by Chulaluk (2009); n = @
response distribution of 50% and a precision of 5%. Initially
calculated at 384, accounting for a 5% markup for missing samples,
the adjusted sample size for an infinite population became 403.
Correcting for finite population yielded a final sample size of 392
households. However, only 352 households were reached due to
various fieldwork challenges. Despite this, the sample achieved a
statistical power of 0.9, indicating a scientifically acceptable level of
significance. Additionally, twenty key informant interviews were
conducted to collect insights into rodent-borne diseases and Rift
Valley fever. Using a targeted sample technique, individuals were
identified voluntarily by local collaborators. Participants included
various community health workers, nurses, livestock officers, and
local leaders. The interviews were also recorded using a phone
recorder and the audio records were transcribed. Moreover, three
focus group discussions (FGDs) were conducted, each comprising
12 respondents. Purposeful sampling targeted adults aged 18 years
and above, who were confident communicators, permanent
residents, and animal keepers. Facilitated by trained community

assuming a
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health workers or livestock officers alongside the researcher, each
FGD included two note takers. Discussions followed a semi-
structured guide. In parallel with the above data collection methods,
direct observation was conducted to assess rodents’ in-habitation
indications around human households (Plate 4). The observation
provided the critical context to understand the ecological interaction
between rodents, domestic animals and humans.

The collected data were inputted into Microsoft Excel 2010 and
subsequently refined to eliminate invalid variables. Following this,
the data were exported to R software version 4.1.0 (2021) for
analysis. The qualitative data collected from Focus Group
Discussions (FGD) and Key Informant interviews were manually
summarized based on themes of discussions and interviews. The
findings were presented in the text along with pertinent quotations.
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1.6 Study Limitations

The use of metagenomics next-generation sequencing technologies
can have drawbacks, like unintentionally sequencing host genomes,
which reduce the sensitivity in detecting low-abundance pathogens
(Gu et al., 2019). Additionally, there is a lack of universally
recognized standard program or software for metagenomic data
analysis. Pooling blood samples in metagenomics have advantage
and disadvantages in terms of statistical validity and generalization
of findings. The advantage of pooling is that it reduces the number of
samples to be processed, saving time and resources. Some
disadvantages include loss of individual-level data, making it difficult
to attribute specific findings to particular samples or individuals. Also
pooling dilute the concentration of target sequences, reducing the
sensitivity of detection, especially for low-abundance pathogens.

1.7 Brief Description on the Organization of the Thesis

This thesis conforms to the following format: Chapter two which
comprised a published paper titled as “Exploring pathogenic and
zoonotic bacterial species from wild rodents, domestic dogs, and
humans of the Ngorongoro district in Tanzania using Metagenomic
Next-generation sequencing”. Chapter three comprise a published
paper titled as “Metagenomic screening of viruses in Arusha, north
Tanzania, a one health perspective across wild rodents, domestic
dogs and humans”. Chapter four contain a published paper titled as
“Knowledge, Attitude and Preventive practices towards rodent-borne
diseases in the Ngorongoro district”. Chapter five comprised a
published paper titled as “Knowledge, Attitudes and Practices on Rift
Valley fever among pastoral and agropastoral communities of
Ngorongoro in the Rift Valley ecosystem, Tanzania”. Chapter six,
consisting a broad discussion rooted in the findings. Chapter seven,
which includes the general conclusion, contribution, and
recommendations. At the end of this thesis the following appendices
are attached i) various images ii) questionnaire tool, ii) guidelines for
focus group discussion, iii) guideline for key informants’ interviews
and, iv) form for collecting rodents inhabitation data.
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1. Intraduction

Zooootlc diseases have a significant socioeconotic impact globally (1] Wikdlde popo-
lations, by farming the reservoirs from which zoonotic agents can arise, have long boen
commidered a link in the chain of pathogen emergence [Z] Approximately 75'% of emeng-
g infertious disoawes affocting humans are zoonoses of antmal origin [1]. Kodents are
npoctant seservoles of niserous pathogenic and soonotic bactetia including Leptospies [4],
MlﬁMl&LaﬂWl'} It has boon found that activities
ko crop cultivation and Jivestock farming bring wild rodents into closs contact with
humans |, mmwnwm-mwum
and stored graine, which can increase the interaction with humans and domestic dogs [1].
Additsomally, improper waste disposal practioes attract wild sodents 40 human setttogs [).
va&-mmhwwdwmlﬂh
addition, many African countres, inchuding Tary W prop
of cases of fever of unknown ongin [10,11] my-ddmomnum
with rodent-borne infections, which are under-reported in Tanzania. Theredore, surveillance
studies are fmpertant in the determination and justificatson of the socoeconmmic impact of
rodent-boene discases in Tanzania.

Keoping dogs in underdeveloped countries, such as Tanzania, can present unigque
challenges due to limited resources and infrastructure | 12]. However, with
and care, it s possible o maintain a healthy and safe environment foe This study
conatitutes a compeehenwive overview of the dog-hewping system in undendeveloped
countries, focusing on Tanzania. In Tanzania, dog ownenship is often influenced by cultural
and traditional practioes. Dogs are kopt for various purposes such as security, hending,
huntng, and evien as status svinbobs [17) There is imitod awareness about
rewponsitde dog ownership incuding proper healthcare, a routine feeding system, and
basic housing [12). Tanzania‘s dogs cannaot acoow conventional dog houses or dedicated
shelters. nntend, they five in makeshift shelters, such as senall huts, outdoor enclosttes,
and open spaces, or Nve as stray dogs [12]. Stray dogs can play o significant role in the
tranwmissbon of bactetial disesses [17] Due t0 8 lack of proper veterinary care, stray
dogs are more suscoptible so infoctions, and thesr scavenging and roaming behavior can
m»u—wumm»mwm“m.
contaminated eovironment. Scame bacterial diseans tatod with stray dogs
mw-ummwmu-m

arews bocteria that has developed resistance 10 several antibiotios [14).

mhwwummmhwmmnwm

hacterial diseases in Hyvestock, including Anthrax [15], Bovine Tuberculosis |16, Leptospi
sis [17], and Bruceflosis [14] On the human side, the studies documented seroprevadonce of
Brwcelle mthoction in pregnast women roeiving antonatal care [ 19] and the genetic diversity
of Mycvh hercubonis from TH pathents attending health facilities ln the Serengeti
WIMMH-NWMTNW&M
MMMWHMMMMu&d
interfaces generste unique hotspots of foctious diseases including bacterial
Infections (21],

Ngorongoro District in Tanzania i home to a diverse range of wildlide and doemes-
tic animaly, induding rodents and dogs, which often coenist In close proximity with
humars [12]. While previous studies have examined the transimission of pathogens i
vestock and hospital-hased rowvarch in humans within the district, the specific mile playod
by todents and dogs in the tratmmisson of pathogens remains largoly unknown. This
research gag highlights the need for 2 comprebensive investigation into the constribution of
muwummmnwmmh.m

W v und ding of disease dynamics and potential risks o public hoalth.
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High throughput methads such as mutagenomic, can analyze sultiple genomn
of bacterial species [27]. This allows the identification of bacteria genomes disectly fram
sansplos and can reveal indormation related (0 the diversaty of microdes that crculate among
diflerent howts in the communitios [ 7425 The main cijective of the stady was to identily
Pathogenic and somotic hacteria present in wikd rodents, domesticated dogs, and humans
of the Ngomagor Diatnict by using etagenomics nost-genetstion sequending inchnagues.

2. Materiale and Methods
L1 Description of the Stady Aree

This study was conducted in the Ngoromgoro Distract (Fygure 1) The district was
webected Dased on arvas of the intertace of wild ansmab, domestic ancmabe, and hamans, as
well as the previous seroprevalence studies of hacterial sndection in Irvesteck. Ngosangon
Dastract s Jocated in Arusha Region, northern Tanzania. It s bordered by the
rogion to the West, the Karatu district to the south, and the Monduli district 1o the cast. It
han an arva of 1L square kilometers, is located between latttudes ¥0.50's and longttudes
F5AY, and it e betweron 109 and Wl m above sea level [20] The district has & population
of 174.27% an of the 2012 Tareanis National Cormus [27], Ngoneogom, Lobiondo, and Sale
arv the ) admunistrative divisons of the Srat, together with 28 wards and &5 villages. The
district experionces tropwcal weather with moderate temperatunes and an sverage ramiall
of 800 40 1000 mam. The predominant vegetation in the study a0 is grass and bushes of
several acacia wpecies. ss well an open. demme forests.

12 Study Devign and Songling Procedees

A crimmsectional study was conducied in the Ngorongoro Distrsct in 2022 to explore
bacteria of public health importance found iy wibkd rmodents, domestic dogs, and humans.
The study population was made up of all the households in the selectod villages, and the
sample frame was a bt of households in vach village

The study villages were sedexind interdionally based on the availability of dosnesticated
aninabs, inchoding dogs and wild animale, and acormible amvas. Five villages (Ongosorol,
Malambo, Sale, Engarasero, and Finyinyi) were induded in this study. A
sampling method was used in the selection of houscholds based on the of
indivaduabs and the avaidabiliny of wild nadents, domestic dogs, and other animals.

The seloction of particypants was bhased on voluntary willingrness and adult Masmans of
18 years and older. Adults wore selectod bocause they have 2 longer hisory of exposare W
vanous e inwements and ansmals. which can provide mory compretumssne insaghts et
the tranumission of soonotx pathogons. Also, dogs of & monthe and above were slected Sor
the study because, at this age. dogs do not have smuaternal antibodios which conld
infectsonn. Hedore starting the sampling of hamans and domestsc dogs and the trappeng of
wild rodents, writhen conment from the head of the howsehold was sought

20 Thapping of Ksfents

Live rodents wvne captunmd using Sherman LFA Jive traps (HB Sherman Traps, Inc,
Tallahassew, FL. USA) and wite cage traps batted with peanit butter mised with malse
bran and sardines [{] Trapping was carried out in specifically defined places such
aroas servounding Bvestock farme, fallow land around howses, o well oy aress with groen
vogetation and manhes ear homes. In each study village. 3 to 50 houses weore sebocted
10 st traps Mdooes and i thelt susroundings. Based on the sioe of the household, 2 o
dnlldvnqmwﬂadund\h—hhwdnﬂﬂm
rodonts. Diepenshing on rodents” sctivities, 2 1o 6 Shetman iragw wene st fir per)
parpeses. In sach village, 2 total of W modifhed wite cage traps and 70 Sherman traps
wene tased indoors and in the surroundangs, respectively. For the somaining habitats (crop
firkds and grass-covvred vegetation), the masumum mamber of Sherman traps st wan
070 depending on the stae of the selecind habetat, thas, 2 total of 100 trage weee used in
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wach village. All traps were baited and set for S 10 7 days in each village. Traps wone st at
5 pm and checked in the moming at § am every day.

W et et wer

Figmee 1. The map of Tuncans and the Npseangen District dumeing She study villages. The map was
developed sang QU software verson 324 1 and shapesiles from [NVA-GES and The Humantaran
Dt Exchange (HDXL fwly acressdde ot botpe | wown S posrp/ Satadoms (acowsed on 3 july
T aend bty [ [/ dats Sesmalins sny | datuwet [ ol e t2a (acoewend an 3 hudy JEYT), sespectivedy.

2.4 Collection and Handling of Sempies (e Wild Rodesss)

Trapped rodents were thetized and b ely killed using soffurane (volatile
m:.—) mm-upwmmmm-nmm
dink s described in the previows study, The animal was removed from the

chamiber after cessation of respiration and heartheats, and morphometric characteristics
of rodents were ncoeded prior fo dissection. The ventral surfaces of the rodents were
davinfected using 7% methylated spint to kill external germs. Using proper protecting
mthhﬂd&M“lddeﬂuu“
from the rodent’s usmng hypod needles and syninges. The cardiac
”Ww-ﬂhw#mlm The blood sample was
-dw‘lddmﬂ*-wmw-ﬂhlu
hﬂw&qﬂ-m potied (o the Sohosne Uni of Agriculture in the

of Ve v Microbriok wdmmtr
Maﬂ)ﬂs W“*m-ﬁhwhmdh
nadesc acids due to inhibition of DNase and RNase activities.
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2.5, Collection of Blowsd Sanpdes frim Hismans and Domestic Dogs
Before taking a blood sample from humans and dogs, the human aboratory scientist
and veterinary officer thoroughly washed their hands with soap and water, and akobol
rub, for at least 30 5 [25]. To prevent infections, the personnel put on safoty gloves after
cloansing his/hor hands. mﬁndhu‘dmdudmddmdqwnm
using 70% akohol, beginning at the necdle-insertion site and making
expanding circles | 78] nnuplu&vehwamdbruoodedlmnl?ﬂl Ablo«l—nplv
of 1 mL was taken using a 21-gauge needle, To avoid contaminations that could lead to
infections, the needle entry site was wrapped with gauze and sellotape ilmmediately after
sampie collection. The obtained bicod samples were mived with 2 mL of DNA/RNA shield
reagents in cryogenic tubes. All blood tubes were labelled, transported to SUA in liquid
titrogen, and stored at =80 *C until further analysis.

2.6, Preparation of Pools of Bivod Somples

A total of 200 blood samples from human subjects were collected and then pooled
into 22 pooks and grouped by sexes [ W] Likewise, 230 blood samples were collected from
wdamn\d!h-apoobdhmlbpuhmxchuwnhmlolhdaw Semilarly, a total
of 100 blood samples were tic dogs and then grouped into 10 pools
based on their sexes [11] (Table 1), Thmdy-wulﬂﬁnlhpm in vach village,
36 samphes of rodents, 40 samples of humans, and 20 samples of domestic dogs were
collected.

Table 1. Summary of the sample’s description, sample siee, and procedunes for pooling of blood
samples.

Sample Type

Sex

Nusnbwr of Number of Number of Tutal Vol

Samples s} Volume (L)
ey
Poals por ool o Bample (L) per Fool

Human

Termale

13 10 (LN 1

74 o 0708

Fortal

Wild Rodentn

Total

16 115 L12-12

Domesiic Dogs

s n-i2 11-12

Male

E|E|®

5 8-10

aawsaaﬁ

2.7, Nucleic Acids Extraction, Libraries Preparation, amd Sopuencing

The QlAamp® RNA blood Mini Kit and QIAamp® DNA blood Mini Kit were used
for the purification of RNA and DNA, respoctively, as per the manufacturer s instructions
(Qiagen, Valencia, CA, USA). The i RNA were d into !
myDNA(:DNA)m(hmhmpcﬂKn&-doathmppM pmlmd(ohmn.
Valencia, CA, USA).

Two mwthods of next-generation sequencing (Hlumina and Nanopore) were employed
in this work: the MiSeq sequencing platform (INlumina) and MinlON sequencing technology
(Nanopore). The MinlON sequencing Hibraries were generated by using the PCR<DNA
sequencing-barcoding kit {SQK-PCB109-Oxford Nanopore Technologies) following the
manufacturer s protocol.

The Hlumina Nextera™ XT DNA Library Prep Kit (Hlumina, San Diego, CA, USA)
was used to prepare sequencing libraries for the MiSeq platform following the manuface
m-pmwwl. The quality of the lbraries generated was assessed by using a qubit
high-sensitivity quantification sssay, bﬂowmglbemmhdwasmdmnmﬁhr
Sclentific technology ). Subsequently, the nuclele acids were pooled in g lar
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aned the resulting lbraries wem sequenced on a single lane [patroct-enst, 151 bp read-length)
on an Themina MiSeq™ machine (llumina, San Diego, CA. USA).

28 Ruinfarwsatics Amelysis
-nuzuuulmmsurw-.uumm The reads that
mdzmﬁpbdmwtym’!(m 4 son 642 Und
fied meads from each run were saved as distinct ¢ ples. FastQ S -
0141 with GROSS and UniVex Core was used to screen reads for human and vector
contamination | 11] mmmmmmmmm
version 0.20.1 using settings -5 <3 <M 8 -q 6 = 100 64 {15} Fund: I quality
measunements (read counts, base counts, and quality scores) were obtained using fastg-stats
from fastg-utils 1.3.0 (13),

MSeyq reacts were base calied and demultiplexed with ik BCLC 393
Reads that were not classified were reserved as s separate pseudo-sample. The FastQ
Screen version 0.14.1 was used with GRCRIS and UniVecCore to screen the resds for
any from human or vector [32) Reads were trimmesd with fastp
omumwmmmmmm@s-nwp&ym

ired through the utilization of the fastgestats function from fastq-

mmunpn

The process of assigning taxonomy was accomplished by employing Kraken2
version 212 [ W] using the Kraken2 standard databases plus fungi, constructed from
NCHI Rt Sex M'I'h lyses were carried out on 2 separste occaskons. The
first analysis categorized the quality-filhered and trimmed MiSeq and MinlON roads using
M-wmmmu,*d—um—wmq—im
reads for each sample, which wos quality-filtlered and trimmed, using Kraken2's default
mode.

3. Results
A1 Bavteral Families and Geners ldemtifiod
This study detected 24 families of potentially pathogeric and zoonotic bactersa in wild
rodents, domestic dogy, and humans (Figure ).
12 Airborne, Contagivus, and Arthropod-Borne Zoometic B
mwmmummdm-ﬂmm
mwmmmmum of airby

v e d 4 in high prop in wikd rod mﬂ’&bn
Among the arthropod-borne bacteria d f, Bartumwila speci wuhualnwpm-
P In wild rodents (8875%) compared 1o domestic dogs and b A
mmw mmxmmmwmm
mh d i ti mm&mmwmmmc-
Nighest prop of b d by domestic dogs. and then
humans (Table 2). Vi rby andnf pod bucterial species entified (n wild

4 4 ic dogs, and b are p b 'h%)dtw
X3 Patiwgenic and Zi Bacteria [\ f in H Wil Rodents, aod Dy i Dogs

The results have shown that ten ge of bactery les were identified in

mmmwmummmmmummsmoa
Some of the pathogenic and tic b are d in Table &
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Table 3. Alrbuorree and contagios monut hacteria species found w b rodents, and &
dogs

Na Genun olsted Speoes Howt
M avsum sudnp Verstubesculan, Bodents, bumnare, and
At terram g M stravrbialors sy tumars S
comples u.:-_--?p‘t‘ ‘ M -"‘u. Redest
M e andd M. fubercadenss o i ond
i) A
= s uu, ool "h s, AL sseliomme, Rodents
1 and M. wwrese
FUE e r— M. s, and M. ragum Rindensts and hamars
comples AL babucur, ML lentiflenm, and AL wsdatchewmsene Loderen
Mok rutvp Shamd M. spomp
M. paressudewse, M. dimtrpivices, M. shinpuluensr, Rodeses
i = - M avtravwene, M kawsei M \olsaticum M. legeae, ard M. prod
d Krp M semndomee, AL Juiwe, and M. ks KanSerots ammd buammaw
s ——
M oy and M. heudelhergr Humans
M mursmgprnitsaom M fedidinsm M by
M. puteafacuss, M. hasuofitis, M. sveyout, AL purses, Mondemes
2 Myerye a3 M gruane
M. ovonduit, M. purumenine. M. s, andd M. fowrt Roderts and hamas
T eyr—— Diogs
M. anpiss Roderes and dogs
3 M rpimamgns M ek Mrf, M. apad
AL oy AL foite. M. sgmiprnstatinm, ancd M. slorpridi Vot
M. ghurspiile, AL comin, M Boou, and M. paifice Cogs
B dewch Rorderes. dogs. and
« Bordetetl T ]y —r— Dogs
B pwememg 6 B Sabude, and B trematum Dy and humans
B et Huatran,
- e [I———y——ry Moadert and twmans
o [ — Dings
Tabbe & Arthrigend-bome semot baeris e fourd in e wdd radenes. aned domenc
dogs.
Na Genera Specaes Hosts
B bmsry and B pribocoram Koderes and dogs
L B saplorsd Roderts arad b
- K qumtane. 1 smcashense, 1. hemclac. K muchadons, B clarvidpeae. 8
2 B bowrn, B darties . clizsbethec, B taylivit, 5 atetin, 8 Rodewes

Secilifivenic, B horres B gradues, B swstrutin, B sctesdtusan, B o,
and B guldhias.
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Table & Cont
Na Cenern Speches Huses
Rodonta, huimaos, and
. Borvelis wrywmiti, dogs
b specis) W turchon, 8 purkers, 11 donseriont
1 qorimwe, and I crochdutar Rodusts
Rarrrliot W brgphorfurd, 8 afsefin, B biarttine Rosdena
(% spocien) B vrdwinkime, ane . mergenid
4 Staeptoba il 5 mninilifemis Kaondunts annd dogs
K. ohiporphali Rodents and humans
s Ricketiakt K.ty and R, prosnzcddl Rodents and dogs
R lTemonikeniais, 1 asbttion, 1 siioo Rodents
TE mustratie, and I dellis
Todents, digs, and
s
i PR arrusar podvey
S, comfhwricol Humans
7 Mycophonme Mo Humans
. Aneplosme A plesie, A phagssytophitim, and A, swaryinak Randuries
v Ehrlichin E. camis anl £ muris Dugs
n Versinia Y. pestis sabspr. Postis [T
L Ovientn O Prubsmgemat Rodenes
Table X Posttive pocls foe pathagense and doomotic bacteris detovisd in hamans, wikd rodents, and
dummestic dogs.
Taste Norteria Genera
e T T T Sulmmmells € e Chlessy
Hismans Apook  Jpooks  Tpok  hpebs el 1 pronde A pobe b e  proule 1 powis
;,,‘.E (RN L I TN N e Qs @z e g
WM Aol Tpusle  Apeie  Dpuske  Wpedk dpook # peoks Vs )1 ke "
‘,'.,‘: (LA I T e TR VI VR ) sy ey PN MY W
“:" Ik Tyl Bpek  Spesde 4k e 2 pewhe dponte Apook 3ok
O™ G W e ) oy [
Table 6, Pathogenic and toonotc bacteris species deteced in b Wik rodents, and o
doggs that can sprond via contaminated fomiles, food, and water
Bacterial Communities
Na Genus Speches Hamt
L santwva, 1. oty and L. welt Rondunts and dogs
L. iterragame Redontn, dogs, and humans
! Loy L hbayushed Rendeits and humans
L. Airchewtd, I L. Ikvgywirmeoni, L. tpperany s

o ot L o il
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Tabrbe & ot
Bacserial Communitios
Na Cenus Species Haowt
B antheops Ronderts atnd husmars
2 Brucela B o Rodents end dog
K perndagrienomomes Diogs
B oo Humans, rodents, and dogs
3 Baciffus
1 ptotaticom and Kandonsts wnd gy
X - Vo enrullerem Humane soaderie st dogs
V oulmifcues Rodeves
] Listorw L muss iingess Sanderats and baumane
" Cangutoha ter C yoyund Rendents and dogs
? atmemells S ontorics wdngt Extorsn Humane, sodorts, snd dogs
. Clmtradaum C. vvubimam Rodents, dogs, and humars
v [e——, T mwulvocide sy snliocibt Humamns. mdente. snd dog
= R C cmoadile and C_ sbwwtus Hhamars
C pelimmyun, O trachomatie, O povvwne and C S (0 swsum Dogs
4. Discussion

This study focused on the identification of various pathogenic and zoonotic bacteria
Mmmmmmumuuwm
b that pose a threat 10 public and animal health were found,
Mm”m“uhmhuwbmhﬁw
This showed the possibility of cross-species transmission of different bacterial species in
the study area.

Several airbome and contagious 2oonntic bacterts species were found in wild rodents,
domestic dogs, and bumans in this study. Most of them are transmitted from ane host
10 another through inhatation of infocted asrosol droplets or through direct contact with
Infected animals or contaminated surfaces 1.75,3%0]. The current study foand several species
dwumummmmuwmw
that the & wild rodents, and o i dogs i the ch
of croms-trarsemission of pathogens among difforent host species. The importance of the
Mycshariermm species for public health is based on its capacity 1o cause tuberculosis, leprosy,
and ulcerations in humans [ 5] A previous study carmed out i Morogoro, Tanzania, akso
reported findings on the cocurrence of nontubesculous Myceducerss species in wild rodents
“mem MWMM”MW wene docismented in

and p d tn a vaniety of ways, froen moderate coughing
ﬂmwm““l\ﬂ These mesults necessitate unified health
surveillance of pathogens among communities in onder to safeguard public health.
mwmuummmwmmm
in humans. 8 bronchisey B pe v are the causative agents of pneumonia and
MMMMIWMMMN of N bromchisey
Infection in wild rodents, domestic dogs, and humans and H. gemomosp, 8. flabitis, and B
mmmmmumm Contrary 1o the case in rodents

and humans, most Boriketefl c d in domests MN-“M
u“m;ﬁyu&hﬂ-t—ﬁd' detelle spp, ind toh
and other & and wild ils. The occurrences of Bordetelle spocies in mare than

one host justify the possibility of cos-species transmission of these pathogens in the study
arva
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mumny.muwmwummwmm
also bdentified in wikd rodents, domestic dogs, and b M.y
M. suis, and M. lauvndnmdlimulh%hnmnﬂwﬁldmnhbm
In contrast to humans and dogs, the majgority of Mycoplaimt species were identified in
wild rodents. And most of the species discovered in this work have been isolated in other
animals, includieg cattle (M, o), gosts (AL sycobdes), plgs (M. suts, M. npmienmnine),
and cmcodiles (M. craadill) | 5=41]. Some of the Muoyisme specses identified in this study
mmw»mmmmummmmy
For instance, the swine sector sutfers financial losses b ik
wwine encootic pnewmonia caused by M. -liundM Wumb,mpmwiylw.wl.
Moreover, M. mycodder subwp, Caprd d a severe

hmh\mﬁmluthmﬂ.mmwhm

of the occurrence of infer-apoecien croms-transemission of Muvoplasm in the study anea.
Maoreover, this study recogrised Leghmelln spoecies that cause fatal poeumonia (Legionmaites”
disvase) in after inhalati d horne drophets containing viable bactersa (Cunba
et al, 2016). The af joted L 1 Jes were found in wild rodents, domestic
mmmwumu-mmmmmwm
Or aquatic environments. 1t wans reported that water is the major natural neservoir for

Legnmellu speckes [£1).
This stucy prosents the first report of Bormbie miy infection v wikd rodents
d tic dogs, and h in T la. A high proportion of infection was found in

rodents, folkwed by domestic dogs and, Lestly, humans, This indicates that wild rodents
are the main reservoles of Sorelin spp. in Tanzania. Most of the identified arthropod-bome
thbnwﬂlymﬂbmmhhm“m[wl
For e, B Lyrme borrolonis in b [1544), These pathogens
sise both roderits and s reservoiry and vectors, respectively [46]. Bartomells species
Tivked 10 human Wlresses were found, inchuding B tribocoriom, [ lizatetive, B gralait, and
U, taylorsi. Dilateral retinal branch occlusions or neuro retinitin have been linkad to Darfonefls
grahamii {49). & o elzabetine was solated in individuals with endocandits lness [49).
Hartomelln drilocorm was revealed in pationts with fever in Thailand |50), The discovery
of these otic Rertonplls speches in wild rodents, domestic Sogs, and humans calls for
incroased awarerwss of these Infections among healthcare professionals, particularly in
cises of unexplained fobrile illness.

Yorsiiria pestis, nmﬁwwdyhu(nm“wmmmhd

throughout Aftica, A ) wWas d in wilkd rodents [47) The main
mumm«-mnmumw«uhwumnm
swollen lymph nodes & s buboes and septicemia [£7]. A bacterium Ovientie

meiodti was found in wild rodents in this study. MMMW(W
shckness), an acute nfectious disease in biamans [51,57] Straptobeciling L
wible for ratbite fever was abo found in wild rodents and domestic dogs in this study.
Tased on these findings, education on rodent managenent bs lmportant in oeder 10 p
the commuanity from zoonotic bacteria.

Furthermare, the Rickettria typhus group (10G) and Rickettsia spotted fever group
(SFG) were identified in wild rodents, domestic dogs, and humans in this study. Eight

spocies of Rickettsm were detocted, Including R, eustralis (a tive agent of Queens
land tick typhus), R tuphil (a tive agent of muri typhws), and R. prowwzeil (2
causative agent of epidemic typhus) [57). The 1 discovered in this work had

mm-wmwmmumuummlutmm
stabia [57] The genus Asgp P different otac specses which couse disenses
in animals and h [50). Asap marginale cause bovine anaplasmosis in tropical
MMWMWMN[%I Asutpiasns phargecytophilion cause
animal and human granulocytic anag [45), Amap pletus have been reported 1o

caue febrile (Mvess associated wthudhwhWhV«nMnl‘n Thewe
pathogens parasitize red blood cells in susceptible hosts and are transmitted by ticks and
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biting invsects | o). This study documents, for the first time, the accurmence of these three
Angplasms specios in wild rodents in Tansania. Additionally, tick-borne bacteria, sach as
Muﬁdm“dﬁmmuwm
chrichionts in doga, were obwerved in this stuidy. These two species of Ebrlichin are soonetic
mum-m,m-‘-—muluw

Thits study & d axonotic Lepd sy d among wild todents, domestsc

Lmetyt, and Leptosgirs weilit were sdentified in wild rodents and domentic dogs. The majority
of Leptowpire wpocies weee identified in domestic dogs and wild rodents compared 10
humans. Mwhmud@ﬂmmhwmmh

quire the infection through direct contact with
hmd““ulwmlﬂ Human mndection is
d with atic fever 1o complex linesses
mwmummm%“u\l The current study
reveaknd the coourmmons of Brurile spp. g wikd dogs, and ha
nwnmwwm”wu--m-
hamans and wild rd of B suis in wild rodents and domestic
dogs mdicates the possibility of of tiom in the study arva

Diogs that had boon pig-hunting and those fod raw, lwd"u-lmhﬂw-&—‘h
contract Brocellosts from B s [17] Beacrfle i mamtly transmitiod tuough contact with
contaminated fetal tissses, body fuids, and consumption of raw malk /Slood [41],

Additionally, our study identitiod 4 numbwr of soonotic bacteria nked 1o gastroin.
tostinal diseases that cause diarrhea and human mortality. These included Camprylotacter
mmummmﬂup Ederive (rodents, dogs, and humans),

and h ), and Cladradivm botulimm (rodents, doge, and

h-uu) mmmumummuww
food and water and via diwet contact with antmals or comtaminated envitonments [+5) &t
has boen foand that Campydodacter prpuni and Salowmile are among the leading causes of
foodborne bacterial Sinews worldwide [00) Listeria Vo na agent of
listerionis, 8 foodborne (liness with 5 mortality rate of 2% to W% in immunocompromised
indivaduals [+4] Worldwide, the incidence of foodbome botalism continues 10 Incrvase
—Mhmduyduwdmh‘i Thesedore, the identification of
these pathogemic hacterial spech d upports the probabilety of rodents being
~mdm.m»mmmu

M-d.mm poudtry carry and shed bacteria sich an
Salwonclls spp., Campylabacter spp. W and £ coli which can contaminate the
Mwuﬂwnmlﬂwwmp’nﬂu
suitable envisonment for microbial growth. In general. bacteria thrive in moist environ-
ments, and rogular irrygation can provide the necessary motsture for their growth [46).
Kodenty that have access 10 contaminated envitonments can easily become cartiers of
bactoria and tranmdt them 1o other aroas, including human environments

Authors” Reflrtaon Nase ove the Firding
The p of grneti erial in & host does not mean that the host will transems
kdhnnw Same pathogens can be present in 2 host without causing disease
or being ttansinissible to others. Other facton, such as the host's e response and
the pathogen’s ability 1o replicate and spread, also play a role in determining whether a
pathogen can be transmitted 10 other hosts.

S Conclusions
The finding of gerwtic material of several soonotic bacteria in rodents, dogs, and

mmuummnwummwb
tween species. Zoanotic airbome bacteria, inchuding Myt P My P
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Bordetells spp., and Legiomelln spp., were found in rodents, dogs, and humans. Arthropod-
bome zoonotic bacteria, such as Bartanclle spp., Barrelia spp., and Rickettsin spp., wore
detected in all throe hosts, while Orientio spp. was found in rodents and dogs. Yersinia
pestis, Strepiobacillus spp . and Anaplises spp. were found in rodents. Other zoonotic bac-
mmmuhwwmmmmmmwmpp Brucelia
spp.. and Salmnells spp. G 1y, wild foxd tic bacteria spectes
m;nudtod@mdhuml«lam a unified, u-dﬁdhdplimryhuhhanwh
uummnmdldh\otdﬁtnubguﬂﬂpﬂbhchﬂh!undmmlhﬂhhﬁqunﬂinﬁ
moonoses. Additional rch should be carried ot to investigate the p of antibac-
mmmmmmmmmmmmmwpmm
vavimsmimalmand... Lastly, studies pertaining to the Identification of
i inl ck (cattle, shoop, goats, cats, and donkeys) should be carried oat
hmwm@mmmmmpmmmum
of ch funds for ined surveillance and
mwld:m&hmhhwﬂhgdhmwmh
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Dvvaw AR Sourvwil wf Mosas oo Fianivh (20041 A1 12 DEV.048

Vs

pathopesss from wildlife [6-10) Includeg rodents, dogs, and
MQmmemwmml
winch the daens of buman, samal,
aund m health [10) Many mfectious diseases
myolve minmte ecolopical mieactions spaming  nusltiple
apecies, makmng it esseutal 10 compeediend these velxtionsips
for #ffective diesse prevmtion (10] Concumrent montorsy of
wfections w ssmaly sod umens offers # holstie vwew of

Tn:-:boaﬁn-&vmmpef—lmnﬂwm
scaltered scross variows regions [11] With e plethoes of
Wildisfe National Packs sod comvervution sress, Tameanm bas
mmm-mmmh-nmhb
md the quest
beighten the nuk of

amsmals Although Tameamin 1 stundast i aress where wildhife,
Tivestock. and usans coexist, there 1 » dearth of data oo
rodent-related 70000t viruves. The Ngotongoro distnet. with
its peh wildiife. doemestic ansnals, snd migestary species, s 4
potemtial hotspot foe the spread of rodent-borne veuses to
mmsnale und bumaen [11.12) Past stwhies on livestock and
tnman patients im the district luve mevealed evidence of
wfectioms lce e Rift Valley fover viras [13] A study w
Arwsba  even  found the prosesce of Hasteonnes W
asymplowatse adubts vysitmg hospetals [3] However, the role of
wild rodents @ viral transmassion withm the distnict semainy
mmexplored  Hence this study ammed to sereen sod identafy
mnammundnn.d-nunndnp umm.
foens on poonotie Vst Tha I serves os found
dota sheddimg Yight oo the RNA and DNA virmses i rodents,
dopy, mod tmmans

Methods

Stody design and setting

This resessch was conducted in five villages within the
Ngowoogoro dutmct (Fig 1) Stusted m the northern part of
Tnu.nmﬁ-huuhmmm:pmn-ud
14,030 ko sed 1s b

trappreng Lasted seven doys, sotting trape betweess 4-3 pm and
collectung them the next momusg. around 810 4 m

kA

g

A -
M-I Amh&qﬁy‘l’m-ﬂmvw
withm the Ngorougoro destrict created by Ivsse ot ol {15]

ple slze and pouling
mmmmmmmnmm
on thesr sex [15] Rodest samples (0+230) were pooled into 16
goops accorthing ¥ genera, while dog samples (m=100) were
divided w30 10 pools hased o sex.

™ o

Sample collection sud handiing procederes

From Rodents: After being humumnely sesthetized and
euthanizred wamp Isoflursne [15]. rodents wete prepared for
sopling Thewr veutrnl waface was dinmfected wiath 0%
aleotiol, and resesechens collected approxusately 05 il of
Hlood useg bypodetmue seedles and syrmges [17] This blood.
obtatned vy the cadsac puoctves msthod, wis maxed with |
ml of DNARNA shueld reapsuts m cryovials to preserve
mucless ncads [15) The samples were kept in bquid nstrogen and
ansported %0 the Sokone U y of Agnculture where they
were stored al -R0°C until molecdar mmalyais

From ll-n‘ .‘ D.p Expert p-nd from  the
N i@ sanstary

PO
£

L )

s m-unn'z.wlnmnz*ws-unm) Irs
bordered by Keayn 10 the north, Serengeti Natioun] Park to the
west, and the Lomgido and Modult Distracts 10 the sast, while
Katstn Dustrict Lies 10 the south The distnct s dnvided mio
three divinions, congmsing 28 wards and 65 willages, with an
extunated huan populatson of 174278 [14]

Rodent trapping profocal
Wild modents were trapped usmp Sherman LFA live taps (HB
Sharman Traps, lne | Tallabassoe FL) and wwe coge traps,
buted with & max of peaout butter, maze bown, and sardies

to gemns level following the Happold nsanual [16) Depending
on & home's size, 2 10 4 Wire cage taps were placed mdoory,
whale Shertsat taps were strsegcnlly placed around pathvaayy
and trrows for pent-doeestic sodenty Mnlb.vhdco

m* hnhnmt‘m‘ulmhklml
-f!oodwuhwuh-ﬂucqluhcmuql‘lw
weedle [17] The blood was mixed with DNARNA alueld
seageuts m eryormls to preven! snd stoced at B0 wmtil
atalysnn [15] Molecular stades were conducted o the
Falumangaro Clissenl Renearch Institute (KCRI) Wiotechnology
Isboratory st the Kilimanpwo Christiss  Medieal  Cruire
(ROMC) i Mol

Extractiom of RNA and DNA,
sevpieiechng Wy sry preparation

The QiAany RNA Blood Ml Kit wa used for RNA
extrction and the QlAsep DINA Blood Kit fee DNA
extraction. both by the masufacturer’s matructions (Quagen.
Valencia, CA, USA) The extractsd RNA was then revense
framenbed méo complensutary DNA (¢DNA) usmp the
Ommscrpt Reverss Trasscription Kit (Quagen. Valencas, CA
USA). following the maufncomrery’ gudelines. Two Nexs
Cenierstion  Sequencag  techengques  were appled  Oxfird

cDNA  srothests, and

M&dmwmdlﬁsh-mlqn d foe
indoor and ely. Each villape's

e et 2 o L2

Na with the MinlON sequencer and Hlumma with the

MiSeq sequencer For the MiSeq platform, bbranes were
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prepared waing the Hlusuna Nexters XT DNA Lsbrary Prep Kit
(Thamina, San Dwego, CA), based o the sgppliers
recommended procedsres. For the MmION platform, the PCR-
tDNA mmutmmlmmm
P jogies was followed a5 per the mamifacturer's
The of mckaec acads a1 vanous
stapes of blrary greperation was detersained Wsang Thermo
Frsder Sewntific's Quint lgh-senitavity RNA sed DNA assays
Subsequently. equmolar quantities of oucleww acids wers
combmead, and the kbranes wers sequenced m a single lane co
an {llamma MiSeq sequencer (hunma San Diego, CA)L

Statistical amalvsis
The MiSeq reads wese processed for base callms and
usmng Hinmena BCL Convent software, version
393 For the MmION reads, base callims wis performed using
the Guppy Software wermon 642 from Oxford Nasopore
Technologes (ONT), wiih e 941 _450bps SUP model
Segregations of reads hased on thewr specific barcodes was
achieved uung ONT Guppy barcoder, verson 6.4.2 Reads that
were pot clasafied were d m
qlntdkwqhz.hnﬁ-mm.dﬁw

E
|

coctamination from humans aod vectors usap FastQ Screey
verson 0.14. 1, with GRCH38 and UniVee Coee a5 the refivence
sources {1S] The reads were then tnmmed with fastp, unng
defwalt parnmetess 2 well 3 tnzmmng the front (-5) and tmi (-
3) ends. Basic quahity metnics were generated usmg fast-stats
from e fastgunl 0ol verwon 130 [19] For taxonowne
chassafication, Krsken? versoon 2 1.2 was used [20], Jeverngiog
standasd  Kiakend dstaboses supmested wui fusgn  The
databases were formulated usma refereuce sequences from the
Nanonal Center for Biotechnology Information (NCBI),
gathered between November 15th and 15th 2022 The quality-
filtered mod tromimed MiSeq aod MislON reads were then
analyzed m Krsken2's pamred-end mode Notably, Kraken2 » o
omformatics package renowned for its hagh accurscy and
sequtivity i microtal classufiostion, even deecting those in
nunenal abendance [20].

Results
This study sdentifed 34 vl fmnnbies tn rodents, 5 m dogs, and
7 m bumass Notably, the study pinposated 20 RNA and 20

DNA vinal fapulies, with rodents dewostrating the highest
varad grevalesce (Figese 7)

Category of | Speches Sex Samples Samples count | Volume (u0) pealed | Final velume (o)
! counn counny per podd Per sample per pool
Feman NA F 110 13 10 100 1
NA M 0 o T8 10 0708
Total samples w0 n
Rodenr: Mastonns spp F o7 L 1312 100 1342
M bl 1 » B 18
Eats wy F 7 2 1% anate 100 1314
M 18 1 15 20 144
dvrasthr gy | F 2 ] » 0 18
M bl 1 bl w 14
Areonns wp F 13 1 15 100 15
M 11 1 1 100 13
Maz gp M&F 18 I 16 L) 13
FieMmwespp | MEF " 1 " 100 14
Total sample 30 16
Dogy _ Mourels F 57 5 13- 100 LEe2
| Moagris M 4 5 10 100 081
Total samples 150 10
RNA Vieal families in rodents The findings w 4 dogs wnchuded theee distincr veml

From the wid sodents sampled. 14 RNA fanules were
ulrmtifiad Notably, the Retrovindae fasmly was prevalent m 9
out of 16 pools, sccomnting for 56 25% of the pools. The
remmmng vwal fanubes each appeared m a2 umple pool
comtituting & 635% representation OF all rodeut wpecies,
Mastourys spp showed the ot RNA viral presence (Table 2

DNA viral families tn rodents
Tins srody identified five DNA vwml famulees wathun the rodent

fanuhies nod an sy of unclsafied ~saRNA virmes (Table 4).
Withun these. the Retrovindas fanuly was present m 3 out of 10
pools, amslatmg to a 30%s occurrence. Each of the other vamal
fulies was detected m 2 single pool, mach with a 6.25%
Tepresuttaon.

DNA amd KNA virwses in inmams
Ia the hnman samples, theee viral famshes and unclassfied
+2aRNA vmases were detacted i 5 ot of the 22 pools (Table

samples (Table 3). Ir's noteworty that some viruses outimed m
Table 3 have roonotic mphcaton.

DNA aud RNA virmses lu domsestic dogs

5) Specifically. Peribunyasindae was observed m o out of
the 22 poels, equaling o » 9.09% presence All other viral
faunlies sppeared cuce, sach havmng & 4 54% proporton
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Viruses (2814)

Key

@ Detected in wild rodents

o Detected in wald rodents & humans.

@ Detected in wild rodents & dogs

©) Detected in wild rodents, dogs & humans

@ Detected in dogs & humans
@ Detected in humans
© Detected in dogs

-ssRNA

+ssRNA

@ Peribunyaidae (18)
@ Hantavridae (6)
© Phenuiviridas (1)

Plants

0o jridae (3)

[ Pucanyriiides 6}
@ Arenavinidae (5)

@ Tosporridae (1)

insects

© cinvinsae (1)

O Picomaviridas (2)
@ Retrovridae (158)
@ Togavridae (4)

dsRNA

O (5)

O Flavwidae (5)
[, © Coronaicae (6)

© Endonaviridae (2)

© Ciosterouridae (1)

Insects

© Virgaviidae (2)
O aviridae (1)

: Plants

_ Spinavecuindae (3)

@ Unclassified +ssRNA Viruses (5)

=

dsDNA

© Adenoundae (4)
O Poxvnidae (18)

Mammalian © Herpesvridae (24)

Plants

© Astarndricac (2)
© iidoviridae (4)

> © Polydnavriformidae (4)
O Ligothrixviridae {2)

D i (1)

L, O Potywincae (2)
© Baculodridae (26)
© Tuniviridae (1)

|, © Hyrosmidee @)

L, © Nudiiridae 7)

= @ Pandoravirus (14)
O Pithodridae (4)

@ Mimiiridae (7)

© Masslievndae (4)

© Panvoviridae (2)

ssDNA [“_—
Plants

{ O Circcovridae (9)

© Gemniviridae (2)

Figure 2: Distribution of viral families in wild rodents, domestic dogs, and humans, with their
respective read counts indicated in brackets
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Tubde 4 List of RNA w0

| Virad omily

8 DA Vs domestic dogs frs the Nporcmgen dusse
Geam Sprcies

Retvoveendee

Gewwwar ety inu

Yhacbeiiad B A

lwified  RNA  vaewes | Suwchs wate srder vin 20

teEdir H

”“‘-_—-_-—.“hﬁ

dvne betaherprervirns 3

| it demhecpepyamy £

Corcoptherine bonberpesirad §
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Discussion

sudy also

of Tm betpe "

1o onw vesssnch, we oondicted mn wo-depth exanination of the
study reveaded the presence of 19 KNA varal fusilies u rodets,
2 doys, and ¥ in bemnass, mackung thewr first sdentsficntion w
the atudy seva Moreover, the magonty of DMNA v wwe
fovnd m rodents This mdiratos that rodents host & wider vanety
of virmes compared 1o dogs and humans. Ove coutrdntig
factor w that wost sodents. even wlen  infected  dont
weoessanily die from these (nfections Savtesd they often
Vecome virus carriers due o gotobvious (lness sd et
estableshed tole a0 peservous for vanow pethogens (1)
Furthermons, 1odeats sre hosts 10 sctoparssses. such as ticks,
attes, s Oens, which serve as vectons for dissase tramsmission
1221 Ton pewsech alo offers the mmaguml evidence of
Ovthobamyavions 1 both rodents sodd s w Tanzanie
Specfieally, the Caltfienin encepbalitis cethobunywvirn wnd
MPoko entbobumpuvinn were tdostifind in Mostowsys wp,
-hbht-hdwwmm
dise d it bumans. Notably, the two Orthobmayavunise
deterted m rodents had previously been recognimed m e
pathogens [11] The Calsfornia encephalitis vitws o lasked %0
encephalitis i nonass (23] However, the natural hosts and
transsiniog dynasses of fhe MPoko orthobamrysvinus remain
unchear necessitating more ymvearch o deagher @ potestinl
mumifications on both humes and sssmad health Mesnwhle,
Sumtrm wm Mn mw kuown t0 cause

| malfo L m sty [24.29]
thmmwywmhhmu
of bolistar health due to the potestial for these vauses to spread
uwosy vanous massalian hosts therr widospesad arthropod
vevturs, and the grave nature of the doeases they come The

Mastotuys spp Previousty, this viens was molsted from Culex
W mosguitons m Cote FTvome and war [nter detocted m e
smnie psosquito specses i Ghiams [25) 1 was then cateponized
o tsect apecafic vinm [25] However, its detection solely n
rodents mives questions. Does Tar berpewvirus sahirally infect
rodents, o did the rodests mpest mvects carymny the virus®? A
deeper understaning of i epudenuclogy and  potential
wngentions for gaihic health necesstites fiirther resenrch and
survedlamce This research marked the waugual weassfication
of Orthohastavmnis in both rodents and husans in Tansens
Speeitienlly.  the  Checlo  ovthobsatavus  and  Seoul
orthohastavuus  spocses wore ideatified in wild  rodents
(Mastotrys spp), whale the Oxben orthobantinns (or Oxbow
Vi) was found o tmoees Seoud ortholimstavins s lwked
with hemorthagie fever with resal vyadeons (HIRS) m Euras
and hantavieus pulmonary sytidrome (HPS) 10 Ansersen [26.27)
The Oxbow v was fusl detected m the Anwoscan shrew
wole s 2003 wih s peosine ssslysis rmvealing o low
seqoence smilarity 1o rodest boene hantaviries (28] These
discoverses toprwsent (e Tirst seconds of Chocke sed Seoul
orthobastaviunes 4 w3l rodeuts,  sed  the  Oxbow
ortholsteviens 1 Taneansats bnsmass This the detoction of
Orthehautavirnses m both wilil rodents sod humns haghighity
the potentual tk of cross-apecis Vi Sansmssion between
wildhfe sod busans Furthermore, the Prcomsvindae vaml
Cunly Wi detected i rodests Vs withan s faruly are
ecoguised M poonetic [20]  The sty sdensfied both
Secimnvros A and Knnusgrvinm A m rodents Remackably, oy

1 the manguesl report of Siomrvirus AN presence i wild
rodents Novetheless, Siomivieus A had previously been
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Mol vemsion o be pobisded

Contlr of Mbesest it sutbors Socbon o patentid sadfict of wnest
Efvicsd sprprovad snd coment  perticpete w procodas o condiat
Whin ataadly e sev o by the Bl Kevicw Cornmattor of dae Tensursa

Maodial Bewach lostite (VMR (Wef N NINIRHOR S0V
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e et bind and

+, sl e o (N<352) b collet
dare. The study foond San £52% ol respondeats lud gl kaowl-
odge. 35.5% had 2 posstave amimade aod S9.3% Sad good peactioes
tiwardl edeni-bome dimases. The ssudy revealed that only
2%.13% of peencipamis were awnee 0f redentbome monases. The
majority of them (77,27%) befove that rodesis are pests that
destruy crope and do nes tsnmit pedbagers, Moreover, the soaulis
dhiosaed that (e msgerty of Shesn (82.9%) five in dilapadeted buts
(et serve us rodent heoeding places. Additnally, except for eds-
moﬂldmlﬁlk«ldtmuhluhdm\mlﬁﬂnb
tiomship with most of do i i
Whan‘-rdnndn-ﬁnh ‘hvﬁhlmlthl.lhne
with secondury edecation (OR=790, C1=| 44531, PAUSIT) had
wreseer knowledge of endoni-bome diseases and masagonent
Similarty, 8o bow attitudo and prastice werg foved 10 be conmider
shly (70216, w0 000) pasitively snmelatal, geseral bnowledge
wamzuummmmkmm:m!y
|r-o.mn. P O.M2) p ly lated. Despite howing pood

ove o oappeaved lener G beading i ety (el No
SUAADMELSAT LS, dd Sabrusy 202100 Adbicaally, the hasd
sdsmamirannes satvontion of Anuche region (Red No, FA DNADLO
1260 Fémery 2021) sé Npoongees distict (Ref. No
AR LAGSROIE, L Apell 20213 providal pormission v Befere
B conmmdoierment of D Tace e lhce (0w, (M topoodo gave
e bfocrned st In odee the pepondent con wine sedd rosd
Verbal comsen was obaodd
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e sl lack ksmbedpe of nodetn-boces
mosasts. Rodestbome disedse cducation sheald be considered in
Ngmongon and nther places,

Introduction

Roderss are mammals that are fumd worldwide oxcept in
A icx il v gy cly dividod it 2277 spocies yhi-
ally. ! These ase the st alvandent marmols Gas ks up 429 of
Al mammsals woand the wodd. Rodenes bave the atdlity % siovive
i vaoous babrtats such s semiand, sembaquanic, and aguativ and
posduce laepe lttees as 2 short penod of time tas meking them
abundan in the ecosystem ' Roderss are diided imo theve fami-
Tiw inechvalireg Murwiow, Afiomissker, snd Sigemoskomsishin, Secics of
vubnunhlh:umr—ﬂymmmnlmh-
e i Africa aed Asstoalie, whide s Microtides Tamily sz mostly
found m Lumasin and members of Spmndwiilse my found in
Amera 'S

Ronderee are potential hines asd seservoin of evenl soonatic
diacase szt et s tranmtbasible 00 Sumane 4 About 143 dif-
fleromt infecthous sgem pescrs were dacoverad, includug 14 viml
perern. 3 Sectersl gesera, K1Y parasitic species, and 14 fungal

ores a ALCESS
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horne Smcanes among of the Npw ooyt
Ihﬂ"l*-a‘_b&--iﬂvh The
willages were selecwed baod on e faciory Hike poputation denwary.

(e g. Hesavmm docascs, Lasss Sover, Rift Valley fover A of mcow. meman-wiadcls eerts and rodem svailaimle

o= {eg, g Lends od Hdmintie ez, A iy, the sl of the b = e willepss was
<t 3 of yodese-bate dis- Qone e hel- N of b’ i

aacs cocun Sessgl decer end diret wnyn” Disecy oo 0 sarvey &t the Swaschokt

mdp--l-lmﬂ.k.-mm
acoes Aftics exch yest ' Based un fhe fht s sodoons ageesd
e Bae S of disewses b e and ssamals ' hesades oves
und home nems destructions, Todoms ae & it Gomcem 10 the

\anoas ey camed o worldwide fieve shown e owslodys
sboun e wipact of meders-colaood disces on Ui health coonun.
ues W he exummively underezponed. 47

Over time, populsnon powth asd demopraphic sty have
mrrmed comtac with wild ndems and sdunced deeese wans
musnon prechdnes T Numerows audies camed o aroand the
workd liave deewn Bt Cummumny awarcness S Mad0ms ® YD
til G the go w for the commint of
rodent-borne diseses. ' So, B obyecve of thes sy W o
msew the knowledpe, sttitude. and prctice (KAT) leves of the
ey wewd 1odon-hrse mfecinn and coatred 1w the
Spunmporn deariy

Mhl—nﬂ“nmﬂ.*-w
Bawxd on e Soalowaey p ) 1) hewm bodgr of & st
sy © docde wheSier or nd & pasticgees i the sudy, the
homchold hoad ar sy sodidont person (IX yoans o oldes) s
wtovewed

Sample size determination

The sampée sarr of e useriicwed houscholds =35 cakoulmed
oy this Surmder.™ whete s sample stze sppevemation, 7= 1
sanderd normal variery at 3% o (A RS and asmming 2
—-uﬁ-.d!'\(l-n-ﬁ-*ﬁydm
= 3- shakes arer m £9%) The calealusd &
ssseprle slex (a0} s 384 oot duc e tclutuse of paticpaess
sl Qilficultics = seachung vt putts of the villages culy 352
hossholds were  tesched A prapoetcesd foemuls
IN=TIVIAIVIHVE) was ased t calcwiate e sumsber of -
wernd hoaschoide m cach wilage. where N = wtsl semmther of mer-
viewed howschalds m the dnence, and HV= naohar of hooschoids
m the sclectod villagr

Data colicction

Brder dutng B ledworl socuchen seomed the trcosary
mppeonval 1 condua fhe soseant Bum fe Bbeal Review
le of the Ts S {NIMR)
(Rt No. NIMRHOR Sa/Vol. D066 snd due 19* May 013
w dh w T amd i &

» = g R <h pained the purposs af
‘s wady = perticy ch leaders.

Materials and Methods

Description of the stody arvs

The proposed study wae conducted hotegun Jnly MO and
Ly 222 i the Ngormpes Dt (Fguy 1) whors wild
smenale mrcTact wodh bumany m the granng and rovdsvessl mvan
For cxample. bumane, Bvetock, wnd wildlife Bve tngother m the
Npommpen crates. sbmg thie dismet 10 be umgsr @ the world
Npomages Distract s one of B soven dutrions of e Arsda
Region of Temmaman " W o dordomd @ e conl by Mondsh
Dierice, %o the south by the Kants Dttt und to the wodt by the
Mars Regioe The daart fus an wres of sbour 14,956 sguee ilo-
meteny locesod Betwers Ltmandes 30 50 w0 of the oquanor und
lougmudes 5% 47 “cast of Cocomwich and & = bevween 10908 and
3545 menes dove ses fevel O A ™ the 2012 T2
Nationa! Census, the populases of the distnct was (74278
Admsssermively the St 5 doadiod e three Svevens
(Npoeurguso, Lolionde, snd Solc) and 20 Wands (villagen), The
distna s @ modersie umperstine and nopead climane »ed =
sveogs madall of %00 oo 1o 1000 s The sagority of fesie
dovm e Massa and Scagn who 310 PEBXRinds End s@IOpIsiE)-
15 The demct &5 d by bow undek sans e
lowrlymg ahiudes. The main veprmmon & shrs of scacie
wpecies and grass and opem and thack Toreens

M*d*p‘:ﬂm

.Jul;
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o
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Figuoe 1. of Arusha regiun sd Grmrict vheeeng
the villages ﬁ-ﬁ- she ressarcher wsing the
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Questionnaire sarvey
A semistracmured questioangite wol was created bawod om &
Interature review of rodemts and rodent-bome Sacon. The ques-
tinmnaimy S0l embraced five groaps 1) respoadent demography; 1)
heuschold heracteniation i) knewledge of sodenl contred and
-mmmmwm \)pnmka
of rodasbome & [
um-mlml! r-tlu-dchmnlmxcmduwemmmo
Wewified 10 esawe thent
mm-uu-a-ns.mmu.mumwmm:

qmlmmmﬂﬂdunmmmmw
letson amalyss () dotel 1. 11} come
phetely apreviapee. Respood ponded. “complotely dis-
WW-aWuh‘wmn‘nmm
towand redems, whesess these who “comgionely agreed o agreod™
-mhatxwdmhnwmmw-du In the practices section,
the scome of ench T was d by he
mhﬂmmmmd&hnqmmm
regondenl was regended o have good practce i the seore wi

SO nd whove e Do pracrice when the 20062 was below S0, of

(e tosal scooe polsts.
The les in the dom were coded for easy emry and ansly-

To bay rime for
mmm-odnﬁnhtlu,mdmmmmdw‘
in Englinh. The resenrchers ok gront affort %o obsaorve the admin.
Intration ulsurveys sl i cheok the completed foerms in coder s

vis. Data were evtorad e Microsoll Exeed 2010 ad wdited 0

remove the tmvwhd variable and thereal pocted %o R sofly

versian 4,10 (M) for analyss ﬁnhgs-u:tlaemﬂl-
aead b

enwere the insegnty of the dats soguired Abn, Jocal ;
were grmployed e Mases | im0 Swaks®i for the

ey ¥

respandenits whi did st apesk e Swahill Lanyusge.

Focus group discussions

Yhnlmummmmhmdw‘lmlol
ap A gur hikgae win used 1o select
nm!mllnf«mmmamm Critena for sebec-
tiom dschuded sl indivighsady of 13 yours s sbove and porma-
resd inhabutants of the Ngnnutgoro district. The focos group dis-
cusswon was facileied by trained community bealth workgrs of the
Npseragoen district sogether with the rescarcher snd $eve weee
Twn mule-tikens. A serm-sbucturod FOD puide was usald dunng the
dscession

Key mformants’ intervien
A wotsd of 20 key miormants (KI) inwerview was condactod %o
collect data about rodent-bame dweansey m the Ngoeoegooo district.
Apmmmlm-nwﬂmm-
y- All were estified by local leaden e
n‘aﬁlmmhlhwmdp“ll The Kl ssembers
were bealth weekers aml sclecial local suthority leaders
Paricipanms wese saked dbout awirencss of rodens-boete 2oondecs
and contol of the rodest populaticn. Truned resesechens caened
out the imenviews and keynotes wero takeo by » eotetaler
Addmwnally, the interviews werg seconded useg & phooe recoeder
and the mdio roconds wero manscabaod. The Ki interview infoema-
tios was d wand snalyred My bescd on themos.
Themes were explamedd n the lext wad spovch marks wire wad
where recowary

Persomal odneryation

The rescnecher collovied information about rodens ulubiation
In Bousekolds ond surroueding usirg the odservathn form The
obacrvimon form mchuded | fike the of rune
ways, burvows, droppesgs, usd live coptired redents.

Data anatysls

Pwansitative deds ansfyis
Fur cuch question in the knowladee puel, scores sangag o
130 4 were gives 1 000rect Tesplases besad on fhe kasd of goes.
tos. Morcover, wioag amd Son't ke repomes wee salpsal
Zevo seures. A ksvwe fodpe seoee fur e resposlent was calcslaed
mmmmdmmwﬂmmm
fing rodent and dwoases tranemited
by rodonts werg evalusted by using 0 Likent scale approsch

n fes like means. prog

Aatismahip b b -dhmw
u-&uhm-mwnﬂlmmvw
abiles were Raow ledpe and antinde s ond odent managesscnl sl
fodentborne @scnses. OMGs aios and their comespoading 95%
confldence toorval were calculatod and wese considerod statisti-
cally sigreficant st P20,

Quafitative dets analyxiy

A daductive amlytical octhol was applacd for qualilsne
infonnaton eollected Sm FGD aed K1x imerviews. ™ The 1opécs
for docessioms s imerviews sere developed from the litceature
review oo rodentboene disesses aod mumagement. The FOD and
Kis data wero mammily madyzod based on wopics presemted dunng
the discussions and imervisws. (0 the toxt, Be Tessiia are describod
together wuh any portineoe speech marks.

Ethical consideration

The procedars %o conduct ths study wis revaod by the Etheest
Review Commities of the Tesuea Modaal Rocmd Inesstc
INIMR) (Ref. No. NIMBASON S Vol IX5676; 199 May 2021)
Similarty, Schome Useversity of Agricsliure gave s spproval let-
ter for keading this swly (lef. No. SUAADMER, l"lMll L]
Februgry 20015 Add My, the Jocul sdimimsdrati
of Arsshs feglon (Ref No. FA 132950138, 2% Felwuary 2021)
nd Nporougoro distnicd (el Noo AB.TIAISWOI1534, 1Y Apnd
2021} provided permmssion too Hefore the eommencanean of e
facetorfce intorview, the tespordent gine writien mfcrmed
wosent, In e the respondent can't wine and rewl, verhal conment
wam obtained

Results

Questivnsaire

This study invelved 352 poople i all, ot of them wete nen
(67 H1%) The nespoadens were aged 18 10 65, with 34.5% heing
aduin. The majocity of the peophs (48.9%) werv pastoradises and
stoondod peimary school in hagh sumbers 139 5% (Table 1)

Houschold characteristics
1 vhe Ngorongoeo distnet, o degh percostage (44%) of hoase-
ol hed oae o five mdividuals. The majonty of respondents pos-
sesserl howres that were built using snimal fooes or mwd (Table 2)
The grass wan found 0 he the mem Seaching materisl for roofy,
wmul $1.2% of homes dad open windows, Finadly, the finding
m\aumﬁﬁuhtplhu-anm-u‘l‘mllm
hon abaut howseholds” o istice = well described m

Revporwes ranged from | (compleiely dsegree) o § ( ietely
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Red e

The fndings shownd that the comnumitios in S stady s
prefir the we of phones (425%) and mdie (29%) = the major
s of summsmestum (Fypes 23 Osly $% mmd 60 of reguoo-
deaty tecervs stfossanion sopanding discses from heslth snd vet-
erlnary servamm respectively (Figaes )

Knowledpe shoet rodest control and redent-berne
FvoBses

The smabyens of e kvowlodgs score showed that o of the
muzim of |¥ pouis, the sespondenty’ screes sangad fioen 1w
12 Ouly 30 rogpondes (RAT%) sooscd SO% sl sbove S0 ulf
(e wnal sore. ve & how ieved uf hoowiedge of e comme-
nities 00 Tedess Ssemses and managemem. Ameng 312 respoo-
domts, ondy 98 (2 19%) worr awaer of Todent-horme sooauses =
wdicwod m Teble 3

Relatmenhip hetween demographic factor and L bedzy
= faston do ne buve & spnificas (F2O05) mfleence oo kiond-
oige Show micsdome docees and muegomen (Teble 4)
HBowrver, lovel of edocatem wed selpou had 3 sgnificant
(1 0%) posttive mfluence oo lowre ledge shou yudens tmanage-
ment and divemson. The dotailod descrymen s well namstod ™
Tabic 4

The atthiude of the communities foward contracting
rodent-borne discases
In the prosest study, 55 5% (m=125) and 65.5% (2=227) off

Tabie 1. Renpombents” dcmmgraphic varishh
Vatlebbe Fomate n (% Mabex (% Sead A %
v tmegeiny
Vinsth (1530 pesen ) B L3 )] s
sk (554 seans ) #1531 LT 54 G
EMerly (265 yrans | a8 T W
Tote! smntoer ol particpens.  NINEA) IEE B0
o -y . o
N s id il
Nams gatin
S NI} AT L)
Narraed RO 1) bl ™o
Total e of paricganns 10 (24) RS =0
Lo fridugey )
m Iz nann s
i) = sl
Sobe aan SO ns
Engurnnern Bun WS) G
L 34 {1 35
Yotad mavdor of My BNEE o

i untitede and respeadents’ deme-
graphic factors

The sesulis inSica: thet mmuny Sc donoagrphic chanctors-
tes of topandenty, gendier level of sducatum, and oCtipatan
luve 2 shgnidicast (P005) postrve mfloence oo surads swand
10deam horm: deeases and rndem managsmen (Tabic $)

Practices of the communities towart rudest-borne di

The overnll sosuilts ndicsted that st 943% (9=137) of
ropondons showed poad peactoss s mdeni-bome ducsse e
vermon. All perticpents do ne conweme mdents and shrows m
shoran i Fipers 4 Though, S goneral romlle showed guod peac-
s, oty 05TV wf soapond: ponnd weatsg § =
dring enwvinmeenial closiliness (Figwes 4)

General proportions of knowiedge. attitude. and pirac-
tices svore among the study communities in
Neorangorn

the ol Soarihed

Altleags pe peuip il
wtifl, thay domemerated b knvewdodgr and poor sttude sowand
Todars-horne dncases v shown n Figes §

-
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Focus group discussions

Loak ot B A

«
tranmvrion
I the syrrert study, throe FOD were condurtad with o total of

abwar amd

regdnty seo rodens mound bome compoonds ond farmes durmg
o davesne and eveming. The majonty seentionnd thet rodemts may
sproad micctious agents o bumars throagh (oed or wates contams-
maned with foces or unoe because of whygions activities, One
comnmanity bealth worker menticaad that some of S comumunity

hers do sl cover food sul water propesly. The majundy of

36 particigranis (Tahie 6), AR FGD 3 lained B prov-
mdm:nhuummmm%uwun
wight and durng dastune maide the bhouse, mound home com-
pownds, sl = the frmw or bashes. Most of them were sble m
dorctibe roderss by their body siee and colur, whereby they mee-
thooed Black, Boows, and stow lon, Mot Indyideads ot
plamad that rodests are dearscting sumuals becasse ey destroy
crops. et clothes and other touscbold wdf, and wioee food o
cooked food. Mow FGD peticipanis were sl awaee of mdent-

mocanoned Plaque @ the key discsse amocansd with
rodents.  Addtiorally, two  chical  officoy  mentioned
Leptospirusis. Salmonellosm. ot dto &wr.wmwhnmh
Whes probed sbowe the !
umMWMMm-NmMoW
or reported ter G0 possbiility s Wgh because bums sl
rodenty Hive @ Lhe same composnd This was aleo olnerval by the
sescarchen during the servey becsuse rodenms were mappod inshde

Some discmes. 30 tew leved of knowdodge was regarded m dow, D¢ bonses and arcunt home fings. The must
The docme transmission theough rodens wim observed 1o be of
wnitral concerw in the gudy commusition. Only, throe men ssl
(e womsien cult of 36 respondents belizved tiat nuders cuuld bas-
Bor and travmil pechogens % humans through contamination of
foed Or water, meverthedoss. smong them sone was abde 10
discrib any dissase. Ove fomals purticipant doibed st rdent e T T —
canse fover sl darthes Two male participosts sabd sodonis cause e o~ ——
winnds becase of blles durmg e night. The majorily of FGD 1 log - gy e e o
perticrpunts dud ot sssociate Todess with any 2ocoone diseases ———
The maprity of he participusss insieed that they hrve been iner- I - —-—
manglmy with wild armmds inclafing rodenss for years sl oo per- Mttt
wot Bees contrmcted 3 decee from hem - .__-—
Koy informants” interviews e -

laformetion collested from Kl shout roderts’ commrml sl b —— b
rodest-bame discases Sffors from the FGDs” discumions, Most of 5 '
the KI' particpants wery a—m-«y Sealth workers and health T o

Is s they fad & dge aboul diseases. All Kly par- ;
- " S e peath

ml(m: «::w fondennt “::,w wal q:m-dmn:‘:: Fgure hr:- .
Table 2. Froporsions of parcicipants’ heaschald oh iethon basd on the sondy villages.
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Tahle A Knowledgs of the cnmmunitics sboss nuden:-boens discases sl contrul meamsess.
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rosty of dscose ivsiom was Toportod to be the
of food with feces cor urne of mdemts, Lastly, ey mentionad the
slgns of rodess invaskons @ hiase ke the peesence of dropplings,

Correlation between knowledge, sttitode, and practices
Inn general, the revdts showad 3 vigasficast povtive voerclation
snory the soores, Knowledpe was significamly possoely come-

burmows, and rusways & dugs, 4nd tie wnpl odot ol Lased wo practice likewise 1o attitude and pracssos (Tuble 7).
urine thom rodents.
Personal ohserva

e 2 Seched rodent through diroet Discussion
observatin of ys, dropp I wd Sove mappeg Based oo litersture reviews this i the fint KAF study 10 b
wmeade the houses, ssores, amd arusd  home 7 i ducoedd in T, oo rodent-home diseases. Rodents have o

O | results arv

d in Figom 6.

considenble effect oo crops and peblic haalth in several lncatons

M , .
v it s
Helforeren
b ] (2N o
(] wians L1
n 18519 10
o 1A D
Referercn
in 05411 o™
g e =
3 - g

v Sgnlan x Pt~ Moadouady sqnlicet v Pmit *** Bull spiuas 4 DAL

[Romreal af Pubbic Health in Afrscs 2023, 182385]



i Tawcoawwn *** The yooemt sady wes wmed at e vl

56

o Y;

e

of knoutedye, sttitndos, wed practsces towand rodem -

and sooncecs stcay cummEtitio 1 & Ngorongury Satract. The
ity of particiuts wepe adulis betwyon e ages taoge of 15
4, and the majertty kad caly prenary odcation Mes sppesrod 1
fe more thae women bocasse the guestinmaes tegesed the hesds
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mak toeh chmucally and s ChnacaBr arv s anp wonszcr o by -h -

Aate, 1o human e Sestmat b et hae horn documented (]

The RV virus com coe sl to St iliness i wildlide. domneic sntmady, and bumans
1121 Stwdun reporied bagh mortadany sod mornsbey spprosciang 100% @ Lambe snd bads of
hhl:*d’u‘uu—”hwﬂm.h
twom fetnd dinrrbuen. and dinster] gat e wame of the syt
e teed e 54050 I rmana, RVF wirws com induce flo- bl symgaoms that con prog-
e b p wevere divense Charaotriond by hemrriuagsc Sever snd encrphualms, with o 15 pevorst
Setabiny vate (18] Pow s vl carty ng writems o rraguend 1o owthrraks
o.ﬁ-&ﬁ“mhw“dh-“l\"
indacations im sdvence | 11)

The macim ecrmma commequonces of the KVT mclade snamal snd Sumen Gt dnewp-
hdm-hhbuwmdmblh“
ikl and matsonad hovels [17] Ax & vosall of 100 Dt Y
u;ﬂu“nmﬂ-muamtm

Ageart frswm the diacune o s sows st it @ Tansania judt one dudy was andertsdhen
W amsrw ooty | sowiedge deout the BV idectuans |0 Benosase (ot
wa*-mm.—-—.—-muu
Practices (KAP) resoarch b beconung gty - pov -d oo
ol oforns 15,0 7] Al providod thet BV had b weversd Qaricts s Tanssnia, wr
w.ud“h—u.m—mm.qq-p—uu

stien Theredeure. the g uf o recemt study was o sdeutily and (uents e 1o
mm”bﬂhhﬂ““-‘md
ey o and padtinal s in Npoeongiro detrit shout KVF. The findings wil
oot unr in bulding etffective and hong derm efieciiee RVE prevention oflert. This weould
berwte d anrd wgropasiimal -u-wu-u—.-—mm-
Dresha e they eely o6 the asle of Dvevinck snd Iivesteck §

The prosaccd 1o 3o this dady wis crviewed by Fthucad Revirs Commmaer of the Nataomad bowss
Wt By Mol Reseurch STME) (Ref No. NINSUMOMR SVl D000 19 May, 2001).
Alse. Sclbonine Univeraty of Agtecsdturs provaded the puvmisehom lefter bor comdon ting e
wndy (el N SUAZADMLLAATIR X Felwnary, 20011 Marcowet, the locl ademiniutes.
tve suthormios of Aradvs toghon (Rel. No, PALSIWW01/, 13 Febwuary, 2001) snd Ngoroo.
000 disrict (Ref. No AR LIOSW01/ 1M 1* April. 2021) e gave permsvon. Priot 10 the
art o Lw b e Pt gt provided wittten sbormed comeent e cases where
the partacipait wis wnadde to wiite snd read. verhal sseent was sbtamnd
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Description of the study area
The propesed study was conductod bn five villages (Orgosarok, Malambs, Sabe, Piyiny and

Engarssera) of Ngorongoro distract where sninsal snd human ceses of RVF were reported in
the previous outhreaks | 18], The district bs in the enstern Jifl Valley ecomystem that suffered
the outhwesks from 1947 to 197N and 20062007 [ 14]. Ngarangoro District 1 one of the seven
districts of the Arusha Region of Tanzamia It s bordered o the east by Mondul Dstrict,
the south by the Karatu District and 1o the west by the Mara Keglon. The district has an ares of
about 14,036 square kilameters kocatod between latitudes 305 south of the equator and long)-
!ulnd»u mdmﬁﬂhhmlﬂﬂmsmm“wllnl

g 10 the 2012 T National Census, the p of the N district
-l'mllLvl Administrativdy, DMnM»M‘m(W
Lodivedn and Sale) and 20 Wards. The dietrict has o mod andd trogical cli-
e with aversge rainfall of 800 et to 1000 e |19). mmmmmmu
Sompe, whe depenids oo by & keeping and v crup farmang for their llvelhoods
. m.lmud.munwmmmwmmwml T
i vegetation i the stuidy ares is sheubs of acacs specion and grass open snd hick forests
1200,

Study design and sampling procedures
A croms soctionsd sty was done i Ngorangors dutris tn Igate RVE knowledpe, atn-
tudes and practices smoog nd | residents. The study population com-

mumw-mm-«m-ﬁqumudn
Bouseholds in each village. Villages were parpsefully selected based o0 the follow ting criteris.
propulation denity, accessbeility of the aren, located of Gress U Y alley, vestock and wild sni-
il avallability, The study was constucted i five villages namely Orgosornk, Mt Sale,
Eisgurasero and Pasyinyl Purgeoeiud sampiling was also used in the sedoction of bausebalds
based on availabduty of s Lk rsnin slogs aned rod At household level, the wiit.
e conent of the hinmehiold bead was soughvt heore (e inserview. The bousebodd hoad o
any other reshdest perscn (18 years and above) wi interviewed baved on the sasumptians like
knnwledge om diseases and ability of deciding on thesr partacipation in the study.

Sample size determinution

This fetsils o = 285 weuy unedd for ontienstion of the housebolds sampile sire |11, where:
N = sumple e estimate, Z = 19 ctandand normal variery st 5% e (P<0.00), and s
g4 respanse desteilastion of S (10 = the probability of knowledge anid d » shaodotr errar
it precisan (5%) The calculated househald sample stee (1) s 0 By considering the 9%
anark wp o miwsing samples Ohe infinite population siee bocomes #00 Then, the sample see
et 0 it popul 1, ) was computed wsing the equation; 1, = n/ (140 where;

11 estirmiated sutnple siee (408) ani £ = seempling fraction (H03/14,195), s grve 992 tumsber
of houselilds b omly 332 houschilids were iterviewed in Ngrsongaro distest due 1o
warious challenges encomnterad durtog feld work (unwillisgmess of individualy, Gl scces
seilitirs of wreas and reallication of pastoralists). However, the 332 houselhudds interviewed
ook 0 wiatintiend poserr of 08 vl Thin indscmed that the resolis are stativtically sign ot by
0% which i sciemtifically accepable. The proportionate formida v applied (N « W1

+ HW2e HWY) o determine the manmber of hossseholds s be imterviewed in each vilage,
where: N« toned muimber of househobd d i the disteict and HW1 « HW2

+ W3 = mumber of homscholds in the selected village. Selection of hamlets in ench village sems
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e prarpomtilly basend o hiatoey of RYF cuses and avaidadaday of snamibs s well a0 srvns ol
humans widlite mterface (wond of mosth fues the villages leaden ),

Data collection
T I daimend e stiidy s prrgese W all respumdenia. whe inciaded the kacal v

sty lenders s posermiment officiale Refory huaing mterviewsl. partiopunts gy writen
or anal consent to particypate in the study. All callectnd duts snd nbeemunon were Condicen.
ks handlend and st

Questionnaire survey.  Sised on Meratire revsew of 10 Valley fever, o semme-stro turnl
quesimnnaics wed wis estahlished [21]. The varvey was divides inin fiee categanses (1) srpon.

demt devmagraphis s () Seniesbadat o b () himwleudigs am KVF viren wetons, tramns
—u—b---nd—-hud-d*(m—t-—‘m
g nd (v agaliLal p of RVFE. To ensuy thet questions were
prevy the e i p 1 i1 20 hewmehuslils sl amserbed dccording b the
vk i The g it filked by vauting ane bowee sfter snather i cach

-ﬁum*mhﬂuw-ﬂ“h”w‘qhﬂh
admimarataon of the questemnaire Questxrms wetn ssbail im Mwvahih sl rrpomses ool
i Emglahs w serve tinse far retranslation. Evestigasirs bept & Chone eye an the questiomnaiee
adminsstratam pronvee sl double «hes houd e ommpleted hiem Mo vnsiry that the s ijuirsd
dats winn o bigh qaality

laterviews with the ey infurmants (Kis). (5 the Ngurongueo disteict, & fotal of bwenty
KT mntwrvines wurv damw o collect moev information sbost 1k Valley fever The shady
ermphryed 4 tanpried sample tochnigus. snd partiopeten was entieedy wiluntary Local collubo
ratms ot csh iy wardvillagr alentified partaipante fous adivatush per village The cam.
sty health wockers, nres, cinical officen, Bkl Iy R lvestock officers,
wnersary medcal vfficers and dected bacad autheriy headers werr smnag hewe who permc
nduhm Partwipents were skod va the KVF etidogy, rananisson, symploss,

plic b, vk o bors sl atboom ool by among

“MWMMNu“‘—-Aﬂ and peses were collected
by the vt tahers The interviews were aleo srounded ualng o phone recnder snd the sudi
recoeds were amscrbed

Focus growp discusstons (FGD). We condacsat three FGD and vach group comprnad 11

wpondents [ 1] Purgumetil sompling wos sl i selocting participants foe the FGD, target-
ing on ubats (agnl 19yesrs anud dbove| with (vefidencr in tallang, § denty, st
mal’ hreper snd person who didn') particpase in questisnaaire. The FGD was faciitased by
e community ealth worker o Svevtock officer agether wirh the resear her and there
werw e dete Lakers A et structurnd FGD guade wm crested aml used during discsatons.
POD particypuunss weee adhod um tranamiason of KVF yieus, dgoe of RVE s baadh humans snd
wnmade, comirnl sl provention, riek Sty of KVE sl s ioen o mpet ol KVF wn the
(oaumusne

Data analysis

Quamtitative duts analysis. Md-ﬂ-nhh—hbmu—-“h-
100 5 were grvem 1o cormect revpemes tased vm the fype F d
dun 't kneow responses weey sssigned sero soares. A kaowledge scare for oach revpondent wae
ol ulated by sarmiming the sumber of it of B okl scirews L8] Conrest
anwwers werv ssngned o s of |, and it were o o sebected a1 dony
Know”, wers sssigned 4 soue o0 [2]
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A J ding KVF pw and ceatrol were d wsing the Likest
xﬁmmmmh—lm&mﬁl- mphetely disagree; 2 = i
3« neutral, 4 = agree and 5 = complesely agree 12,24, Duriog croes tabulations snabysis,
mmwwmmwmwumw
who

ph qudorw-muwrdbhnpom
MMMIVF&M“M_M deeexd o have oegativ
[22). Im the Practices section, each pondent’s scare was calculated by adding the numb

of correct respanses to the nine questions posed.
The varisbsben in the data were coded for eany entry and snalysis. Dota were entered into

Microsaft Excel 2010 and edated s remsarve invalid vastables amt thereafter, exported o R soft-
watre version 4 10 (2021) for ssalysin th’m, d in descripti like

means. prop and freqy ¥ of prop for | variables sach
-WWN ctives were conducted by dep o g the Clu-aguare

mmmm&mwm.w&mpmhsdlw Heb
tomahip betwees vanous factoes and knowledgs oa RVF, attitude or peactices on taking into

about the influrmce was d uning mstiple Jogistic rogression. O ratios (ORs)
and thelr sponding s ¥5% coufid 1 (C18) were calculated and P05 wis con-
suderod signiticant fior all statistical smalyses.

Qualitative data analysis. A deductive analysis spproach was wsed foe qualitative data col.
hummruxqm-—uqu_j.m*mmw
thenses from the RVF Iterature review. FGL and Key & 0 war
etzed manually sccording to theses presented in the discussions and interviews. Resalts are
described in the text together with relevant speech marks.

Quantitative data from questionnaire

Demuographic characteristio of the studied communition. [0 the Ngorvogoeo district, o
total of 352 persanmel took purt in the survey, with the majority of them being men (s = 138,
67 61%). Their median sge group was 25-34 yesrs old aml the age renged from 15-65 years.
The muajority of the pogulition weot 10 primsary school (n = 139, 39.5%). Also, the majority
[n = 205, 58.2%) were pastoralints (Talde |1

1l

hotd ch ristics. Among 152 houschalds visted during thas study, 349
(99 15%) were headed by men and 3 were (0.85) headed by woman. A high proportion (48%)
of thve household size was found to be 13 memsbers in vach bousehold in Ng

Abeorut 35.2% uf respondents own houses constructed by wng ansmal feces { Lubic 2). Further-
e, 41.2% of houses have apen windows and gravses were fosmd s be the prefernad thatch-
g msaterials of roofs Lastly, the rests shaw that about 33.4% of households use s pit latrine.
With the exception of trets type. veher variabiles were highly sgnificant different (7204 )

Sources of various Information umong agropastoral and pastoral communities.  The
shady Tosstul that cotmmunatios i (he study arvs profer use of phote (42A%) and madio (29%)
s the major source of commumication (gl V).

Knarwledye about mosquitoes masagement sod theie soomases.  The snalysis of the
hiowhedige scare inuficatiod that scoees of respandents ranged froms 0w 13 st of & toeal of 17
toeal polste. Amsong the participants, oaly 36.1% (1 = 127) musaged bo get above 50% of the
total scones. showing pooe knowledge of the commumity. The most known mosquiso borne
disease s Makiria as stateu by $9.22% of respondents. #8.33% of p eparted the we

(3

of bed nets an the mam pr i of mescaito bives (31 Tablc)
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Tubie | Bevguendines demmgrpte b T dern
N e Frmale » (%0 Made w 1% Toasd N 1N
Vomslh (18- 34 pears) e -y NLIUE
Adak (¥4t yuend i) |1y _romn
ety (9 yuore aond shovvr .. L Iy
Toot atutaded whved Rl s s
ool mot mngieand wbured s DS ]
Ieamary e i (L)
Seemter e e ey
Colbge e LN 1
Owidiae _oam LAl Pl ]
Madien oM am .
Tradtimal S L -
L. S J1Nan (DS
Mamed L] usave L
Cuapation 3 3
At s i e
Pesmaetia _sarm isamn WA D)
Lacaley (Villgro 3 1=
gt s | Pazm e
Maainte Ay s ]
e Loy o s
Tngsseane R {3 «“us
m 1908 5 L] M
L T e ) 104 (31 TN s
TR ™ 1T Mg s 3 1

Hedstionadig betwern rovpondont (sctor and good Lnowledge shout mosquitocs
Mot of the rrspemdents” demmgrapbic 0on had insgaificent powtrve nflocace on knowl
edgr abwsat merwquits horne sounoss snd cantral measures (P-00%) Only el stion leved
wat fomand 1 have apficast postive iflacnce o knowladge shost mosguan horme dincases
o el s om control meessures (FCO05), e imdicated i [l &

Kaowhedgr of the (ommunities about rift valley fever svmeptoms and tramsnnsion. (e
snulysts of knowledge soore demomstratnd that out of wtal points (17), respondents soore ran.

febrile fever 13.05% Sollowed by hesdache 1020% : wesr trogaently mentnol in

oogand w sgas of RVE i sdeads, 30.4% and 1761% p d feves Sollowed by
abortion e et s of VT, resguectiondy. Mosguito bites s the significant kavown route of
L - als et meertioned by 13.64% of respondente (02 Tabilc).

romdts of tuls etiady dhone that the communities kaowledge om TVT 0 sgificantly rebated o
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Communithes” attitwde toward RVT tramsmsssion and mosquitoes” management. e
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and negative antitade towand quito-borne dy. The mujoray of

Tespon.
mwuwmmm-hmuuummumu
prttng discases through mosquitn bites (51 Tabic)

Relationhip betwern lactoes and attitude toward mosquite borme discasen. The rewadts
of the logistsc regresinn mnded mdicated that sex, level of adacation. marital status and kecality
hnp&m(km-hmuwemmhnmdu
agrment { Labic £). Male respoadents s pured 1o female one
and the ddfference was sgmificant (P < (L006). M-d-bvdp—y-hmd.yknld
education were found te have 2 more posittve attitude compared 10 those didn't amend schoal,
and this difference was statistically significant (P<0.05),

Communities’ sttitudes toward Wit Valley Fever i and p
wmmnmm;dxumm)wowmu
dy. The findings showed that most of participents neither “agrees”

Lo L2
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oor “disagroes” about the stasements posed to them abost KVF. The majarity of resgondents
dadn't decide on BV belng o huzardous desease of public bealth importance. The majority of
sespandents didn't decide an betng at rsk of getting RVF virus infection. The majoesty of
them diddn 1 decide on wearing peotective gears can prevent transmission of RVF virus, and
that the how by h and I can facilbtate RVF transmassion (34 Taldke)
Relatbonship betwoen demographic factors and attitudes toward RVE transmision,
The results indicated that sex, education and occup have o sigaificant (11<0.05) Influence
on communities’ attitudes towand RVF transmsssson aod prevention. Males have o significant

(P = 0003) p [ an ativade ds RVE. Abo, lndividuals wh ded school
Sonind 80 have & signiticant (110.05) positive influence an antisade soward RVF transmissios
and p (Lable 2, M agrapastoral were Sound so have & sigaificast (P = 0.044)
megative influence v attitude towand RVF.

C ithes’ practices om RVF iion and p tiom. The analyss of partici-
peotap eas chiasciorioied e ellactive ik y jom frractices or mon-afectt
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infection prevention practices (effective when the score was above 30% and nom-effective
Mhmmhﬂnhiﬂduﬂmlmmmwua&w
(16.19%) of the 352 respondents sh i Jon prevention practices. The majoeity
of participants (o = 336 or 95.3%) do not avld contacting ssck or dead animaly’ faids or has
dling sborted fetuses with their bare hands (55 Tabile). 80.25% drink fresh raw animnal blood
and 77.27% keep antmals in thest sleeping ares (45 Table). Bed nesting, insecticide sprays, and
nwllmlolnnmu..wllu|hm‘mo(wnw.mmﬂdumwh

the commumitses to manag aquato bites. H , the
mv(lul\)dmmw&ewdwmnhmmw
against mosquito bites (55 Tabk)

Multiple logistic rege lysis of factors and p ive § of RVE. Con.
miqr&uﬂpmdunqqtmm:nleﬁmwmmd
RVFE, the p d logistic regr moded indicated that respoadents with primary and

mmmmuwm(r-ummumwm«
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Correlation between Lnowledge. stiiude and practice.  Rosuktoof this dady inloosed
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& about dis and pr s adapt. Health workers aften comdact
mmWﬂ&mykd&pdmgwm&b&(lqhﬁr
mants). Health workens deliver bealth acucation 10 the cosmmusity level but with deffioudtics doe

o inadequate facilitation from the go {Key Ink Health workers in Piyinyl and
Sale vilkages wsually bave o regular weekly and moedhly ch iny at the feved
(Key Infrmants). They provide health ecucation o indsviduas or gationts who attend dirsics in

workieng facilities lhe dispensaries ansd bedlth centers or henputals. They gve educution to targeted
o of peopde like prognant woenen. Theretore, the provision of health oducation depends on
m.mmumammqmmmx

program in Ngorongore district. I the fast RVF episcde in 2007,

és,.. ducted of small rumi tn the district. The local sethon
andmim’nryo(" k toggether onganized the vacei proge mnﬂnuphmollVF
breaks {Key informasts). The interviews with partic bcated that the servention
was carried ot hate afer li k iredd the | s (RID bers). Vacci Pro<ess
hﬂmhmmhmfwmdnhlld»l!mlwm”ﬁp(xq
lnformants)
S0 econvanic lmpact of RV in the sties of Ngorongoro district, Dunng the
R-Dandkcy f rticipants described several soci ic lmpacts s
in the foll qm'&mphewtblukdunmh‘hmnﬂtyd

sheep and goats alany the Kift Valley ecosyssem in villages like Malambo, Engarasera and
Pinyiny (Key informanss). Also, there wan a deficiency of food particulariy 1o the pastoralsts
community that mostly depends on mxeat and milk diets (FGD respondent). Furthermore,
there was lack of incame as the g chosed the li k markets and restricted ani-
th(lthwdml)).mdn; thiresk imatedy 35 individuals were sus-
nwammnWmmnmmmmmwm:m
slck or desd 4 s theis househelds (Key infs \

Socio-cubtural behaviors of the agr | and p fists of Npy Severnl
el eh, were L'nmm-wwmmmma
I the discussions amd interviews. The risk behuviars inchaded drinking raw malk and blood,
consumptson of raw meat (kidneys and bvers), sheltenng of young animals in human houses,
Trandling of abossed fetases with hare bands and the vse of animal feces for comstruction of
Iwaman howses. However, sonse of the respondents stated that some of the Ivestock keepers

have reformed their habits of g, dend ‘nulm" k products such as
milk, blood, and meat. Changes were due 1o the gor i aagn in the last
lVFanmhthmmnuhmdw-Mthmwhduq
rane i k products ({(Key ). The g authorities-imposed restriction on
catang of dead, sick aninsals and raw liv ‘, ducts s s 1o reduce the risks of contracting
RVF {Key ink Despite education, some of the p It inve with
dmmmﬁdbdwoummmmlkhuﬁywmﬂkym
mants). Some of the respondents beleve that raw prods tain many P

o cooked ones, thus why they peeder them (FGD members).

Climsatic factors associated with RVF.  Most Kev Inf waed hagh temp
ture and heavy ranfall as the majar <l factars associated with of Rift valley
fever, l-omquhnwo'hn-ﬁynhlnmwhglhl‘v:ﬂq the villages
akang the eift valley exp le i For ir's cy hot ba
meomdﬁnyluﬂt‘nn(xﬂ ). According to particigunts of the Engara-

sera, m0squitoss remaain an issue theoughout the year In some villiges in the ot valley ecosys-
teon (FGD members). Additinally, villages (s the RIft Valley region beconse flooded whenever
the year's heavy rains have fallen (Key informants).

PLOS Noglectnn Tropscal Disases | it 44 010, 147 Lsoumal oot 001 1580 August 23 2023 14721
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The s of our shady wits 10 ssens the knowhedge, sttitude and peacticon towsrd RVF disease,
I this peesent study. & st of 352 people agad 18-43 years were interviewed, with the mapor-
nyh«qm(ﬂ.ll\l mm-—muuu—au—-&-mnm

llowed to give ins isnioe of the heuss of Bousehold [26]. Consequentiy,
mmuﬂhmhﬂm Av i result, i sty bas 2 higher propartion of
make derrts than s comp ﬂyomhmdhlnnby“-llml.-h
Wﬁuﬂymd pusndents were men. M the mvagurivy ol p

m“uh.-.md&ﬂmaﬂhﬁn&-“hm
partcipation of this age group m the study compured 10 other age groups (Researcher's
observatem)

Similarty, the srudy found that masarity {19.9%) of respondents had primary e ad
“mMIbMHM»&-ﬁM.mM-
not ot all in onder o take cane of Tivestock or to protect their cultures [ 16, Only few individuals
allowed 10 i secondary schuol and higher wudics. These results are bused an the histuey of
M—-‘k—nﬁad—nwhmt—nh—numwh

goro districy in high p ges 1241 Our snudy populations had lower sdacational
MM.‘M&I-MM 12% of our participamts had wcond -
ary educations, compared o A9, of partscipants in Ugseda 127). bn comparisoe to 2 study by

Mnlw&hmuaﬂyb‘“ﬂah—u, > (36.6%) wl resposdents with
informal education comparal 10 & higher gropartion (A8% ) of respondents who receivad
informal education in Kenys.
Dissenminasion of information about diseases among the communities & cracial for safe-
guanding the public’s health. According %o our findings, the mujonty of the participents in

had beard of RVF. This was not unexpected as the Ngneongoeo district had expers-
enced several RVF epidemics between 1947 10 1978, and from 1997 50 2007 [1101. The majority
of the participanss repartnd 1 get mbsrmation shout discases through radio and calls from
frieods or family members soxd other li 4 hoepers from Kenya. S they get infoe-
mation froe the comumunity meetings and govermment officias. These resalts are probubly due
0 the fact that many agropestoral snd pastoraliets m the stady area liwe in smviroaments that
Tack & reflable source of decericity. Lack of expertise in vestock and agriculture sectors m some
villages of Ngorongro district can ibuse s proe dissermanath o indorination W the com-
mumitien (Hesearcher’s cbservatinns). M#Mb—hm
may bead 1o insutficicnt di ool sl e among the Consmusitics.
mmdw-‘“m tes sboul g hoeme

Is imp s p e This sady led that 36 1% and
mmdmupdwumm-wm
y (#9.22%) of them identsfied malaris 25 the only disease
thﬂhMMmM“nmmmn
eradicate malaria carried out here in Tameamia [ 18], For instance, the Minister of Henlth
annousced the fullowing: “our respoesiility is e ensare that the prevaience of maliss
decresses s W doro percont. For this roason, we must have & of Sestrib
g long lasting msectiodes treated bed nets to all honsebokds i Tansow. Sumdarly, we must
-hﬂmbﬂ&pﬁymmmwﬁbdﬂ-
under ane year odd” [ 14]. Our wudy reveled the benefits of go s

y (B8.33%) of purticyp poctal the tse of muonquita nets. This fesding was protably
~hh‘t*aﬁnumﬁ-d-ﬂﬁwﬂdbhmb’hh&
wirken

PLOE Manghuctint Tromeal Drmmmanans | 55 (s 015 19 187w s 0011000 Auspant 23, 2003 wan
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Knowledge abuut the modes of tsstun of RVE inf = critical for executing
proper deterrent measures and thereby lowering the likelibood and magnitude of RVF ¢pé-
demics. The masarity of respoadents sarveyed (n this study were unaware of msquitoes’ role
-hwwﬂmhmmdwtmmmodyuuudm
knew that RVF virus s i h caito bites, im apite of believing that mosqu-
muwm&mmwumqumwm“mm

discase. These findings are almost parallel to those reported in studies con-
ducted in Tanzania [16], Kenya [22] ]M&mﬂqumﬂkd&np].fﬂ

Correspoesdingly, this study evaduated the general knowledige, mitstude and practices toward
RVF amany agrop | and | The study found thas 36, 1%, 38.64% and
16.19% of participants had good k e, positive sttitude and effective infections preven-
mmmmdlt\? mpeandr(hnmllv these results indicated that the studied com.

Tl poar & de and non-effective infection preventive

mwuwmwmmbmummdmmm
where agropastorul and pastoral societies fonnd o have low KAP regarding RVF occarrences
62500, 1.02,00] The lack of education may have infhaence on KAP of the communities

torward bnterventions that could reduce risks of RVF vieus wnd RVF epids
Diespite the fact that 52% of participants bad heard of RVF, the magority were unable 1o
identify the most stgnificant signs of the diszase s both b and animals. Fever (1 |

body temperatare) wis the nsost prreval parted in both h wnnd anlisal

Mn;h*dlwmhmnnl.nﬂ:humd‘ fache, other symgp ( {

pain, point pain, backache, blurred vision and lethargy) were quantified by less thas 1% of the
participants. The outcames of gur study differ from the study by Abdi et al. [22] in Kenya, who
portad that the majorsty (92%) of respandents sdestitied hemoerbage s the key sign of RVF
it haamans and other siges by less than 0% These fladings suggest st most of participants
are unaware of how RVF manifests clismically 1o bamans. This was probably dee to lack of rega-
Lar elucational camgaigns shout RVE InwwlnplnNmpmdmt

Despite the fact that Ngorongoro district had exp threaks of RVF, this
studdy showed that the had poue kiiowledge segarding KVF clisical sigas in ani-
mals. Apart from hemarrhagic fever, ab and fetid diarrhes other signs were pronounced
by leess than 8% of participants This was in w b condacted i A

smong
heepers in Tanzania (poor awarenes of RVF cinical indicatioen was reported with a score of
Jess than 5%) and s Kesyn (kmowledge scoce of levs than 25%) |22.52], This lndicates that
memmmwwmmmwmmmmhm
forces the need for d and out-
side of active outbreaks,

Furthermore, the findings revealed that ooly arvend ¥#% of the communities’ members
were anard that coosmption of raw meat and milk, direct contact with contaminated surfaces
ot handling of abarted fetuses on bare hands, and sheltering animals in their houses are all risk
foctuars for RVF transmsisson, The resdi of this stady, which shomwed that raw lvestock prod-
ucts are consumed by the highest propartion, reflect findings from previous research con-

dmedmkmyal.'.:.\..n.ul.umu(lndTu-hlml.nundymnbadh
Kenys ! that sheler li kit B houses and deisk
raw ik, regandless of bealth od provided during RVE epidemics {12,52,34]. These
risk factors increase the Hikelibood of the communities in Ngotongora district and their v
stock 80 get RVT imfections and ather Therefore, the go shovhd keep on
educating the commanities on risks ol ang raw livestock products and use of p i

peans during haodling of sick or dead animals.

PLOS Nugh Tropesd D Tt Ot 0ng/ 10 V32 1 Aouomi st 0011500 Augun 29, 2033 18
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Acconiling to this survey, the nsjuricy of respand

do nat

Jer Wit Valley Fever tn

be n dangerous disease of public health cotorern, despite the fct that KVF ousbresks are com-
man 10 Ngerongorn district. Alwo, they don't believe that they are ot 4 high risk of contracting
VY. Moreover, the mapoeity of them do not feel that wearing protective gears during the envi-
ronmental cleanliness will peotect them from catchimg RVE. Lasaly, despite the exsstence of

wild anamads i N wgoco districy, the y of

dents S0 not bebeve that lsterac-

tons amsang humsans, domestic, d-ﬁmﬁ-hmmhvtﬂdhl\ﬂm
The lack of communities’ awareness about the disease was linked to the participants’ negative
m-mma-cmmmummumm

I In agrog | aed p Iix oeder 10 prevent the sk currence of KVE
Inde These prond well with fimbings reported in variou serveys con-
ducted wocldwide, tx which ites exp d a negative atitude towands RVF tranumis.
shon [2231)

The recent study indicatesd that general knowledge about RVF is not related with age. mari-
tal status and religion but sgnificantly related to ses, education and localiry. Males wese moee

likely awarw of BVF compared to the females (P = 04M). This is probably comnected with

socko-cultsral practices of M people. where males are oty lvolved in anbmals’ Socases
management crmgpared 1 the femmales. The finding of thes study Siffers from s reported by
Abdietal 122 mwmwmuwnummm&h

sl edduscation ( Y dary andd college) were found 10 be more Kenwledpeable on

IWMMM(RNB). This result implies that level of knowledge can in fact be
[0 d bry leved of eds Samilar reuults were documented by Owange et ul [10]

Kenya where. repondents with tertury e were more &

dedgeable on RVF, Lastly,

hmhhnndmﬂﬂcwmﬂmdl\‘?m

d 1 those of Orgy h (P<0.05) Thin finding is attributed by a well-organined

uﬂumymumnm(xquﬁmnwu&umm-uy
health usually . hly wkumm«mmm

erance in their communities (Key b in P

Y hered

v

mmuumwuum-mm;um

g publics’ e

Mnmnu mﬁrmddhdmﬁhhlﬂomdnw the government

o the semall rumi

Unk

"

ly. the intervention

WMWUMWIWWMMmMW the
livestock keepers did ot see good recovery lmpact as their livestock coatinoed o die. There-
fore, the livestock keepers advised that the vaccine should be deftvered before the TVE mani-

fests (b December and June). Addstionally, the

Mﬁmnmllwl’umﬁ-‘w;mlvlm After that, no furthes

§ vacximating thetr kve-

vaccination wwk place in Ngnrungor, s the Bvestock k
stock. The g wis gracksly J by the
mewmuunab RVF ep

Nygorongoro asd the country m o whale.

Lastly, than study found that must of the Key Informants were aware of dimatic factors seso-

cated with RVF scasrrences. Most of the them were

=

2007 with high temperature s hoavy ranfall They defined that the villages slong the Rift val-
ley ecowystem were heavily flooded and there was massive death of livestock during the out-
Bresk. The previous stindies conducted in Kenya [ 22.22.00] and Tamsania [210,18] had Enked
thyewe factors with the RVF epidensics in the eastern econystem of Rift Valley. The castern Wit

‘k] e e o I”LA Alm'
hmumumm
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Limitations of the study

Because this study wes conducied 14 years snce the lest KVF spudemnic 1 3007, the sesalts iy have
been mfnenced by falure o recall phenomens. The KAP survry was estshinhed 10 oollect haseline
mnuﬁnhhmdﬁwm.lﬁ‘”mu
lu-ﬁ CGEnts were thar kisswiedzr. atteudes. zanhog

tmtuth-nh mt—du mm-‘ntnhw

Conclusions and recommendations
Accotding W & recent sursey conducted in Ngorangoro districl, sgrepusional and pastoesd resi-
drmts have madequate knowdedgr, unt e attitudies, aned umertadactury practices when
comes 1o RVF. The ded pr soneurd HVF sre not followed by these
ithes. Thetefone, the and pracices reparding RVF epidemuclogy noeds 1 be
lngeoved so that these can protect thesnachves and thedr bvestock froes socue-
rimce of epudermion. Well-planned edocation canpengs on b A wnd
comtrol woadkd be effictive seshueds 10 help prevent the spread of RVE. Fhune and sadio-based
mm—kﬂwmuhn‘hﬂ-hhﬁi—ish

the most widely ased mades foe Yar ping & phane appl

wzh the mm of ed g the ies on RVF ino, Sy end managemem,

could be an exslly dhle way 10 0 deliver ‘ and w
Health ed should be d and strengthened when there is 2 high

chance of RVF cothresk. Finally, h'u—’w_rhpa—dmnpn

sre availabie W the agy al and p J and wrmgly p their mape.
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List of tables provided to PLOS Neglected Tropical Diseases
journal as supporting information

S1 Table: Knowledge about Mosquito-borne zoonoses and
control measures in Ngorongoro district

Variable Frequency (n)  Proportion (%)
Know mosquitoes n=352

Yes 349 99.15

No 3 0.85

How often have you bitten by mosquitoes n=352

Everyday 263 74.72

Rarely 54 15.34

| don’t know 35 9.94

What effects do Mosquitoes have to the quality of n=352

your life?

Transmit pathogen 307 87.23
Cause nuisance 24 6.82

| don’t know 21 5.97
Mosquito-borne diseases known/mentioned n=353*

Malaria 314 89.22
Dengue 1 0.03

| don’t know 38 10.79
Species of mosquitoes known/mentioned n=364*

Aedes 2 0.57
Anopheles 77 21.88
Culex 12 3.41

| don’t know 273 77.56
Which measures do you use to reduce mosquito n=361*

population?

Use of insecticides sprays 22 6.25
Eliminate stagnant water 5 1.42
Bush clearance 71 20.17
| do nothing 256 72.72
Kill as noticed 7 1.99
Which control measure do you take to protect n=355*

yourself and your family from being bitten by
mosquitoes?

Mosquito netting 311 88.35
Repellents 3 0.85
Stay indoor 11 3.13

| don’t know 30 8.52
Which season of the year mosquito population is n=352

high?

Rain season 335 95.17
| don’t know 17 4.83

*Respondents gave multiple response
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S2 Table: The knowledge of agropastoral and pastoral
communities about RVF signs and transmission in Ngorongoro
district, Tanzania

Variable Frequency (n) Proportion (%)
Have you heard about RVF disease? n=352

Yes 184 52.00
No 168 48.00
Is the disease zoonotic? n=352

Yes 88 25.00
No 264 75.00
Types of animals can be infected n=428*

Humans 71 20.17
Ruminants 161 45.74
Wild animals 9 2.25
I don’t know 187 53.13
Common clinical signs of RVF in humans n=401*

Hemorrhagic fever 5 1.42
Febrile fever 47 13.35
Muscle pain 18 5.11
Backache 9 2.56
Convulsion 3 0.85
Lethargy 11 3.13
Headache 36 10.23
Blurred vision 5 1.42
Joint pain 15 4.26
| don’t know 282 80.11
Common clinical signs of RVF in animals n=488*

Hemorrhagic fever/fever 107 30.40
Fetid diarrhea 45 12.78
Lameness 9 2.56
Lacrimation 15 4.26
Abortion 62 17.61
Incoordination 22 6.25
Mucopurulent discharge 22 6.25
Sudden death of animal 27 7.67
I don’t know 201 57.10
Routes of transmission of RVFV to animals n=353*

Blood feeding flies 28 7.95
Mosquitoes' bites 48 13.64
Ticks' bites 32 9.09
Direct contact with fluid or contaminated fomites 16 4,55
I don’t know 229 65.06
Routes of transmission of RVFV to humans n=373*

Consumption of raw meat 29 8.24
Direct contact with fluid 28 7.95
Drinking raw milk 20 5.68
Mosquitoes' bite 4 1.14
Sheltering animals in house 10 2.84
I don’t know 282 80.11

*Respondents gave multiple response
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S3 Table: Proportion of communities’ attitude toward
Mosquitoes borne diseases

Variable Number (%) of respondents’ responses

Completely Agree Neutral Disagree Completely

agree disagree

Believing that mosquitoes 57(16) 210(60) 56(16) 25(7) 4(1)
have impact on their quality
of life
Believing that they at risk of 28(8) 202(57) 64(18) 34(10) 24(7)
acquiring mosquito borne
diseases
Believing that mosquitoes’ 40(11) 221(63) 67(19) 19(6) 5(1)

bites can transmit diseases

Always concerned with 19(5) 218(62) 59(17) 48(14) 8(2)
mosquitoes’ management

S4 Table: Proportion of communities’ attitude toward RVF
transmission and prevention

Variable Number (%) of respondents’ responses
Completely Agree Neutral Disagree Completely
agree disagree
Rift Valley Fever is a 22(6) 83(24) 172(49)  71(20) 4(1)

hazardous disease of public

health importance

Humans are at high risk of 27(8) 73(21) 132(37) 99(28) 21(6)
being infected with RVF virus

in this district

Spread of RVF virus infection 41(12) 124(35) 143(41) 37(10) 7(2)
to both humans and animals

can be prevented

Vaccination of livestock 58(16) 127(37) 132(37) 31(9) 4(1)
against RFV is crucial.
Wearing protective gears 25(7) 86(24) 147(42) 64(18) 30(9)

while cleaning the
environment prevents RVF
transmission.

Proper vectors management 28(8) 95(26)  150(43) 55(16) 24(7)
can prevent RVF outbreak
Interaction between human, 29(8) 92(26)  154(44) 55(16) 22(6)

domestic, companion and
wild animals can facilitate
spreads of RVF virus.

Health workers can solve the 39(11) 88(25) 174(50) 45(13) 6(2)
problem of RVF outbreaks in

this district.

You always provide 40(12) 114(32) 103(29) 89(25) 6(2)

information regarding sick or
deceased animals
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S5 Table: Proportions of communities’ responses on practices

about RVF prevention in Ngorongoro district

Variable Frequency (n) Proportion (%)
Avoid contact with blood/fluids from sick or dead

animals

Yes 16 4.55
No 336 95.45
Avoid handling of aborted fetuses on bare hands

Yes 16 4.55
No 336 95.45
Eat well cooked meat from domestic and wildlife

animals

Yes 279 79.26
No 73 20.74
Drink properly boiled milk

Yes 269 76.42
No 83 23.58
Eat wild animals

Yes 113 32.29
No 237 67.71
Drink fresh blood collected from animals

Yes 212 60.23
No 140 39.77
Wear protective gears during handling sick or

dead animals

Yes 6 171
No 346 98.29
Avoid keeping animals inside their houses

Yes 80 22.73
No 272 77.27
Use of insecticides treated nets

Yes 125 35.51
No 227 64.49
Use of mosquito repellents

Yes 21 5.97
No 331 94.03
Treat ponds/stagnant water with insecticides

Yes 6 171
No 346 98.29
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CHAPTER SIX

6.0 GENERAL DISCUSSION

The research was performed in the Ngorongoro district, where there
is harmonious coexistence of wildlife, domestic animals and humans
(Mweya et al, 2015). Zoonotic diseases were previously
documented in both livestock and human patients within the district
(Mellau et al., 2009; Mweya et al., 2015; Mwakapeje et al., 2018;
Motto et al., 2021). Although prior research had focused on livestock
and human cases, the district remained unaware of the contribution
of rodents and dogs in transmitting pathogens. Rodents are
recognized as natural hosts for a wide range of infectious agents
responsible for emerging diseases and global outbreaks (Theonest
et al., 2019; Dahmana et al., 2020). Likewise, domesticated dogs
have the potential to transfer pathogens to humans and other
animals (Ghasemzadeh and Namazi, 2015). This study
concentrated on investigating zoonotic bacteria and viruses present
in rodents, dogs, and humans interacting in the same environment.
Also, this study established levels of knowledge, attitudes, and
practices of communities regarding rodent-borne diseases with a
focus on Rift Valley fever.

The study successfully identified 24 bacterial families comprising
numerous pathogenic and zoonotic bacteria species in rodents,
domestic dogs and humans. The study revealed the occurrence of
airborne, arthropod-borne, water or foodborne zoonotic bacteria in
all study populations. The detected airborne zoonotic bacteria were
Mycobacterium spp, Bordetella spp, Mycoplasma spp, and
Legionella spp. Mycobacterium species are well known to cause
several diseases in humans, and the most notable include
tuberculosis, leprosy, Buruli ulcer, and non-tuberculous pulmonary
infections (Jha et al., 2007). Bordetella commonly causes
respiratory infections in humans and animals, while Legionella
species can lead to Legionnaires’ disease in humans, and
Mycoplasma infections affect a wide range of tissues in both species
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(Wagner et al.,, 2018). These results highlight the need for
exhaustive investigation and execution of suitable deterrence and
control measures to reduce transmission of airborne bacteria among
populations in the district and other places in the country.

The arthropod-borne bacteria found in rodents, dogs and humans
were Borrelia miyamotoi, Rickettsia spp, and Bartonella spp. This
indicates the likelihood of zoonotic transmission through vectors
such as ticks and fleas. Moreover, Streptobacillus moniliformis was
found in both rodents and dogs, while Yersinia pestis and
Anaplasma spp were detected exclusively in rodents, and Ehrlichia
spp were solely identified in dogs. Generally, these zoonotic bacteria
species are well-known as causative agents of mild to severe
illnesses in humans and animals globally (Michelet et al., 2016;
Kernif et al., 2017; Richardson-Boedler, 2020). These results
highlight the need for vector control and awareness campaigns to
prevent the risk of arthropod-borne infections among hosts in the
district.

Furthermore, the study found waterborne, foodborne and contagious
bacteria in rodents, dogs and humans, including Leptospira spp,
Brucella spp, and Salmonella spp. It has been documented that
these bacteria species spread through direct contact with infected
animals, contaminated water and food which pose a significant risk
to public and animal health (Nthiwa et al., 2019). These species of
bacteria are of significant public health importance due to their
potential to cause zoonotic infections such as leptospirosis,
brucellosis and salmonellosis (Tabibi et al., 2013; Nthiwa et al.,
2019). These findings necessitate robust surveillance and control
measures to prevent outbreaks and safeguard public health.

The study also detected 20 RNA and 20 DNA viral families, along
with multiple species, providing insights into the diversity of viral
infections among the three hosts. The study findings showed that
rodents had a greater rate of viruses’ detection in comparison to
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dogs and humans. The results imply that rodents play a crucial role
as significant reservoirs for various pathogenic viruses. This
research revealed the occurrence of Orthobunyaviruses and
Orthohantaviruses in both rodents and humans, representing the
first confirmation of their existence in the study area. Rodents
harboured California encephalitis orthobunyavirus and MPoko
orthobunyavirus, while humans were found to be infected with
Simbu and Shamonda orthobunyavirus. It has been found that the
California encephalitis virus is associated with encephalitis in
humans (Putkuri et al., 2014). The public health importance of
MPoko orthobunyavirus is still unknown. The Simbu orthobunyavirus
is reported to cause infection in ruminants leading to various clinical
manifestations including hemorrhagic fever, and reproductive and
neurological disorders (Dutuze et al.,, 2018). The Shamonda
orthobunyavirus is known to cause mild to severe infection
associated with hemorrhagic fever, and neurological abnormalities in
cattle (Yanase et al., 2005). Correspondingly, the Seoul
orthohantavirus and Choclo orthohantavirus were recognized from
rodents, while the Oxbow orthohantavirus was spotted in humans in
this study. Studies have documented that Seoul orthohantavirus is
mostly spread by rodents and it causes hemorrhagic fever with renal
syndrome (HFRS) in humans (Clement et al., 2019; Kabwe et al.,
2020). The Choclo orthohantavirus is also transmitted by rodents,
and its association with human illness is not well-established. The
Oxbow orthohantavirus was reported for the first time in American
shrew mole and the associated disease is unknown (Kang et al.,
2009). These results have provided the baseline information on
Orthobunyaviruses and Orthohantaviruses present in rodents and
humans in the study area.

The current study spotted several Retroviruses in rodents and
domestic dogs. The significant retroviruses screened in rodents
were Abelson murine leukemia virus, Avian myelocytomatosis,
Simian retrovirus virus, Ovine enzootic nasal tumour virus and
Mason-Pfizer monkey virus. The Mason-Pfizer monkey virus is a
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retrovirus that predominantly targets monkeys and has been
thoroughly investigated as a model for studying retroviral replication
and the development of cancer (Ahmed et al., 1974). The Ovine
enzootic nasal tumour virus is a retrovirus that principally causes
nasal tumours in sheep (Ahmed et al., 1974). The Simian retrovirus
is a type of retrovirus discovered in different primates’ species,
encompassing both monkeys and apes, and may induce infections
in humans (Lerche et al., 2001; Lerche, 2010). The Avian
myelocytomatosis virus is a group of retroviruses that mainly cause
tumours in birds and there is no evidence of causing illness in
humans (Schat and Erb, 2014). Murine leukemia virus has the
potential to cause Lymphosarcoma in mice and can be transmitted
to other animal species, including humans (Goff, 1985).
Furthermore, the research identified Baboon endogenous virus in
dogs, which is the virus naturally occurring within Baboons (Van der
Kuyl et al., 1995). Because endogenous viruses are inherited and
passed down through generations (Van der Kuyl et al., 199%5), it's
likely that dogs acquired them by consuming Baboons. These
results highlight the importance of conducting thorough studies on
the genetic evolution of retroviruses in various animals and
understanding how they are transmitted.

This study also found Herpesviruses in rodents, dogs and humans,
pointing to their widespread occurrence among different animal
hosts. Several herpesviruses were spotted in rodents, comprising
Felid alphaherpesvirus, Bovine gammaherpesvirus, Tupaiid
betaherpesvirus, Equid gammaherpesvirus and  Elephant
endotheliotropic  herpesvirus. The Equid gammaherpesvirus
primarily affects members of the equid family, which includes
horses, donkeys and Zebras and has been linked with infections of
reproductive, respiratory and neurological systems (Nolte et al.,
2020). The Equid gammaherpesvirus was also previously found in
bats, which indicates the likelihood of cross-transmission among
animal species (Shabman et al, 2016). The Elephant
endotheliotropic herpesvirus (EEHV) has been linked to the
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occurrence of deadly hemorrhagic disease in young elephants in
Asia and Africa (Lee et al., 2021). The Tupaiid betaherpesvirus is a
type of herpesvirus that primarily affects Tupaiid (tree shrews), and
its effect on tree shrew health and possible zoonotic threat remain
unidentified (Bovo et al., 2022). The Bovine gammaherpesvirus
causes bovine gammaherpesvirus encephalitis and reproductive
disorders in cattle (Headley et al.,, 2022). Additionally, some
gammaherpesviruses can cross species barriers and potentially
infect other animals even humans in rare cases (Headley et al.,
2022). The Felid alphaherpesvirus primarily affects cats and can
cause various health problems such as Feline Viral Rhinotrachetis
(FVR), Feline Keratoconjunctivitis and systemic infections (Slaviero
et al., 2022). Domestic dogs were found to harbour Ateline
alphaherpesvirus in this study. This virus primarily affects monkeys
and cause oral and genital ulcers in affected non-human primate
(Eberle and Black, 2017). In the human part, Murine roseolovirus
and Panine betaherpesvirus were detected. The Murine roseolovirus
is genetically closely related to Human roseolovirus, and it mainly
infects mice (Patel et al.,, 2017). The Panine betaherpesvirus was
initially found in Apes, chimpanzees and Gorillas, and its public
health importance is still under investigation (Cagliani et al., 2020).
The findings of this study mirror the research done by Ntumvi et al.
(2019) identified a significant variety of herpesviruses in rodents and
shrew species in Central Africa. Therefore, these results underscore
the significance of closely observing and comprehending how
herpesviruses spread among various animal groups to avert inter-
species transmission.

Moreover, the study found unclassified RNA viruses Shim 16 in dogs
and humans. The RNA viruses detected in dogs were Sanxia water
strider virus 19, Beihai Charybdis crab virus, Wuhan house
centipede virus, Wenzhou tombus-like virus 15, and Hubei picorna-
like virus, while Wuhan centipede virus was found in humans. These
species of viruses were primarily discovered in the invertebrates
collected around human settings (Cholleti et al., 2018).
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Additionally, the study pinpointed several pathogenic and zoonotic
viruses exclusively in rodents like Avian Influenza A virus, Sicinivirus
A, Kunsagivirus A, Human orthorubulavirus, Tailam jeilongvirus,
Middelburg virus, T'Ho virus, Hainan torovirus, Human and Bat
masterdenovirus, Poxvirus, and Torque teno virus. The Avian
Influenza A virus was isolated for the first time in humans from
Scotland in 1959, and it is a zoonotic virus (Msoffe et al., 2010). The
Sicinivirus A was primarily found in commercial chickens showing
serious illnesses in China (Zhou et al., 2015). The Kunsagivirus A
was formerly isolated from the faeces of the migratory bird and later
in blood samples collected from the wild yellow baboon (Boros et al.,
2013; Buechler et al., 2017). The Middelburg virus was identified in
Aedes spp in South Africa in 1957 (Kokernot et al., 1957). This virus
has been linked to neurological ailments in domestic animals (cattle
and shoats), wild animals and humans in South Africa (Kokernot et
al., 1957; Fourie et al., 2022) and in horses in Zimbabwe (Attoui et
al., 2007). The T'Ho virus is a newly discovered virus from Culex
quinquefasciatus mosquitoes in the Yucatan Peninsula of Mexico
(Briese et al., 2017). Although there was no published information on
associated diseases, it's worth noting that diverse Flaviviruses can
lead to zoonoses (Briese et al., 2017). The Hainan hebius popei
torovirus was first found in freshwater snapping turtles in New South
Wales along the coastal river (Zhang et al., 2018). This virus caused
severe illnesses associated with the high fatality rate of the infected
turtles in the river (Zhang et al., 2018). Human mastadenovirus C
(HAdV-C) is associated with respiratory infection in children, and
most Mastadenoviruses are zoonotic, capable of causing illnesses in
various mammals (Medkour et al., 2020). These outcomes strongly
suggest an in-depth examination of diverse viruses identified in
rodents. Such an analysis is crucial to ascertain their genetic
composition and fully understand their possibilities of causing
zoonoses in the populations in the study area.

In this study, it was discovered that 8.52% of participants exhibited a
strong understanding of rodent related diseases and their control.
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This proportion can be attributed to individuals with a secondary
education who demonstrated a significant (P=0.017) level of
knowledge about rodent-borne diseases and their management. The
knowledge at this level suggests that the communities in
Ngorongoro district have a limited understanding of rodent-borne
infections and the measures to control them. Comparable results
were noticed in Trinidad, where fewer than 50% of the population
had awareness regarding rodent-borne diseases and how they are
spread (Hardgrove et al.,, 2021). Furthermore, Begon in 2003 and
Suwannarong et al. (2022) found that a substantial portion of rural
residents lacked awareness about rodent-borne diseases and
effective control strategies. Additionally, Banda et al. (2022) noted
that certain members of the community may possess general
knowledge about zoonotic diseases but may lack specific
information about rodent-borne zoonoses.

The results indicated that, with the exception of education, most
demographic factors did not exert a significant (P>0.05) influence on
the level of knowledge regarding rodent-borne diseases and their
prevention. In contrast to individuals without formal education, those
with a secondary education demonstrated a significantly higher
(P=0.017) level of understanding regarding rodent-borne diseases
and their control. This study found that there was a significant
(P=0.02) connection between general knowledge and overall
practice scores as well as attitudes and practice scores (P=0.000).
Consequently, considering these results, it's logical to suggest that
enhanced knowledge would likewise have effect on how
communities perceive the management of rodents.

In the current study, it was found that 64.5% of participants
displayed a negative attitude towards rodent-borne diseases, with
65% of them expressing disbelief in the likelihood of contracting
rodent-borne zoonotic infections. The current findings could be
influenced by the communities’ limited understanding of rodent-
borne diseases. These observations indicated a positive correlation
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(r=0.0609) between knowledge levels and attitudes towards rodent-
borne diseases. Moreover, within the demographic characteristics of
the respondents, sex, education level, and occupation exhibited a
notable and positive influence on attitudes towards rodent-related
diseases and their management. Individuals who had received
formal education displayed a significantly (P<0.05) positive attitude
towards prevention of rodent-related diseases and control of rodents
compared to those without formal education. It has been noted that
education tends to promote favourable perspectives on behaviours
and actions (Kravitz and Klineberg, 2000).

Furthermore, this research discovered that 94.3% of participants
demonstrated effective practices in preventing rodent-borne zoonotic
diseases. Positive rodent management behaviours observed
included abstaining from consuming rodents, avoiding direct contact
with deceased rodents using bare hands, and employing cats and
rodenticides. However, even though they scored well in overall
practice, a staggering 99.43% of respondents confessed to not using
protective gear when cleaning their surroundings. This practice puts
the community at risk of rodent-borne diseases through direct
exposure to rodent droppings or urine. Studies conducted in the
United States and various parts of the world have indicated that
rodents transmit pathogens to humans through their excrement
(Diaz and Hardgrove et al., 2021). Therefore, there is a need for
educational initiatives on rodent-borne diseases to be implemented
not only in the Ngorongoro district but also in other regions of
Tanzania.

Similarly, this study examined the levels knowledge, attitudes, and
practices related to RVF among both agropastoral and pastoral
communities. This research discovered that 36.1% of participants
exhibited sound knowledge, 38.64% displayed a favorable attitude,
and 16.19% adopted effective preventive measures against RVF
infection. In broad terms, these findings suggest that the
communities under examination possessed inadequate knowledge,
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unfavorable attitudes, and ineffective practices in preventing RVF
virus infections. Comparable outcomes were observed in humerous
studies conducted in Africa, which revealed that agropastoral and
pastoral communities generally exhibited limited knowledge,
attitudes, and practices when it came to RVF occurrences (Shabani
et al., 2015; Ng’ang’a et al., 2015; Mutua et al., 2017; Hassan et al.,
2017; Alhaji et al., 2018)). The lack of education may have influence
on KAP of the communities’ readiness to adopt interventions aimed
at preventing the risks of RVF virus transmission and RVF
epidemics.

The latest study showed that overall knowledge of RVF was not
linked to factors like age, marital status, or religion. However, it was
notably associated with sex, education level, and geographical
location. Males’ participants demonstrated a higher likelihood of RVF
awareness compared to females (P=0.04). This is possibly linked
with the socio-cultural practices of the Masai community, where
males are commonly involved in animals ‘diseases management
compared to females. The results of this research contrast with the
findings of Abdi et al. (2015) in Kenya, as sex was not observed to
be associated with knowledge. Additionally, this study revealed that
individuals who had received formal education (including primary,
secondary and college education) exhibited greater knowledge
about RVF compared to those with informal education (P<0.05).
these findings suggest that one’s education level can impact their
level of knowledge. This aligns with previous research by Owange et
al. (2014) in Kenya, which observed that individuals with tertiary
education showed higher knowledge about RVF. Hence, enhancing
the quality of public education will result in a greater understanding,
ultimately promoting better practices.

In general, the study conducted in the Ngorongoro district revealed
the prevalence of zoonotic bacteria and viruses among rodents,
domestic dogs, and humans, filling a gap in understanding their
transmission dynamics. Airborne, arthropod-borne, waterborne, and
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foodborne bacteria were identified in all three populations,
highlighting the need for control measures to reduce transmission
risks. Orthobunyaviruses and Orthohantaviruses were confirmed in
both rodents and humans for the first time, emphasizing their public
health significance. Retroviruses and Herpesviruses were
widespread among all hosts, indicating further research needs.
Additionally, the study uncovered gaps in community knowledge,
attitudes, and practices regarding rodent-related diseases and Rift
Valley fever (RVF), suggesting targeted educational interventions
are needed to improve preventive measures, particularly among
vulnerable populations.
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CHAPTER SEVEN

7.0 CONCLUSIONS, IMPLICATIONS, CONTRIBUTIONS AND
RECOMMENDATIONS
7.1 General Conclusions
In summary, this thesis has offered valuable insights into the
pathogenic and zoonotic bacteria and viruses identified in rodents,
domestic dogs, and humans at the human-animal interaction region.
The presence of airborne/contagious, arthropod-borne, and
food/waterborne bacteria in rodents, dogs and humans in the
Ngorongoro district underscores the risk of disease transmission
among the coexisting populations. The airborne/contagious bacteria,
such as Mycobacterium spp, Mycoplasma spp, Legionella spp, and
Bordetella spp, arthropod-borne bacteria included Borrelia
miyamotoi, Rickettsia spp, Bartonella spp, Streptobacillus
moniliformis, Ehrlichia spp and Yersinia pestis, and food/waterborne
bacteria like Leptospira spp, Brucella spp, Salmonella spp, and
Campylobacter spp pose important threat to animal and public
health. In general, this study detected high proportion of bacteria in
rodents, followed by domestic dogs, and lastly humans. This
underscores the significance of rodents as crucial reservoirs for
bacteria. The identification of several bacteria in humans highlights
the need for improved hygiene, such as proper ventilation and use of
personal protective equipment. Enhanced surveillance and control
measures targeting vectors are crucial to minimize the risk of
arthropod-borne diseases. Also, the detection of contagious and
food/waterborne bacteria underscores the importance of public
health interventions aimed at promoting hygiene, safe food handling,
and control of animal reservoirs. Additionally, good husbandry
practices of domestic dogs need to be executed to decrease the
risks of spreading bacteria to humans and other animals.

Likewise, the detection of Orthobunyavirus, Orthohantavirus,
Alphavirus, Flavivirus, Torovirus, Coronavirus, Retroviruses,
Herpesviruses, Adenovirus, Poxvirus, and Picornavirus in rodents
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underscores their capacity to acts as reservoirs of zoonotic viruses.
Moreover, the identification of Orthobunyavirus, Orthohantavirus,
Herpesviruses and the Wuhan centipede virus in humans indicates
the potential of zoonotic transmission from arthropod vectors or
animal reservoirs to humans. Also, the identification of the
Lymphocystis disease virus, Retroviruses, Herpesviruses, and
unclassified RNA viruses of Shim 16 in dogs suggests the likelihood
of cross-transmission of viruses. These results emphasize the
importance of conducting thorough molecular analysis and
surveillance to grasp their significance in animal and public health.
Lastly, the communities should apply proper rodents control
measures in their settlements in order to deter the risks of
contracting zoonoses. The government and health professionals can
effectively reduce the burden of bacterial and viral infections and
protect the public and animal health by using suitable measures, and
raising awareness.

Moreover, the study demonstrated that the communities have limited
understanding of diseases transmitted by rodents, underscoring the
necessity for educational and awareness initiatives. Most of the
participants exhibited negative attitudes towards rodent-borne
diseases, which may lead to misconceptions and insufficient
preventive measures. Most respondents were unaware that rodents
carry and transmit infections to humans and animals. Therefore,
promoting limited contact with rodents, use protective gear during
cleaning environment, emphasizing good hygiene, proper food
storage, and improving houses designs to prevent rodent
infestations should be integral components of public health
education efforts in the study area. Though, it was encouraging to
see that most respondents reported adopting good does, such as
refraining from consuming rodents, use of cats or rodenticides, and
avoiding direct contact with deceased rodents. Additionally, the
evaluation of Knowledge, Attitudes, and Practices (KAP) regarding
Rift Valley fever revealed insufficient knowledge, unfavorable
attitudes and ineffective preventive practices among the survey
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participants. Therefore, poor KAP highlight the need for education
campaigns to improve the community’s understanding, promote
positive attitudes, and encourage application of proper preventive
measures.

The research findings on zoonotic diseases, particularly on rodents,
dogs, and humans in the Ngorongoro district of Tanzania, carry
significant implications for existing policies and interventions. The
identification of numerous pathogenic and zoonotic bacteria and
viruses in rodents, domestic dogs, and humans underscores the
need for sustained surveillance systems. These systems should
monitor the prevalence of these pathogens and their potential
transmission routes. Such data can inform the development and
implementation of targeted control measures, including vector
control, sanitation practices, and vaccination programs, to mitigate
the risk of disease transmission. The detection of arthropod-borne
bacteria and viruses, such as Borrelia miyamotoi, Rickettsia spp,
and Bartonella spp, highlights the importance of vector control
strategies. This could involve initiatives aimed at controlling tick and
flea populations, as well as educating communities on preventive
measures to reduce exposure to vectors.

The study's findings reveal gaps in community knowledge, attitudes,
and practices regarding rodent-borne diseases and Rift Valley fever
(RVF). These gaps underscore the importance of implementing
targeted public health awareness campaigns. Such campaigns
should focus on educating communities about the risks associated
with zoonotic diseases, promoting appropriate preventive measures,
and encouraging early detection and reporting of suspected cases.
The association between education level and knowledge about
rodent-borne diseases and RVF suggests the importance of
educational interventions. Policies aimed at improving access to
formal education, particularly in rural areas, can contribute to
enhancing community understanding of zoonotic diseases and their
management. Given the interconnectedness of human, animal, and



107

environmental health, the findings support the implementation of a
One Health approach in disease surveillance and control efforts.
This approach involves collaboration across disciplines and sectors
to address health challenges at the human-animal-environment
interface effectively. Engaging communities in disease surveillance,
prevention, and control efforts is essential for sustainable outcomes.
Policies should prioritize community participation and empowerment,
fostering ownership of health initiatives and promoting behavior
change at the grassroots level.

In summary, the thesis contributes significantly to our understanding
of zoonotic disease dynamics in the Ngorongoro district and
provides valuable insights for policymakers, public health officials,
and wildlife management authorities. The findings underscore the
importance of interdisciplinary approaches to address complex
challenges at the interface of human, animal, and environmental
health. Moreover, the research findings provided valuable insights
that can inform policy development and implementation in Tanzania,
with a focus on enhancing disease surveillance, vector control,
public health awareness, education, gender sensitivity, and
community engagement strategies. By incorporating these insights
into existing policies and interventions, Tanzania can strengthen its
capacity to prevent and control zoonotic diseases, ultimately
improving public and animal health outcomes.

7.2 Implications for Wildlife Management and Conservation

This study has significant implications for wildlife management and
conservation as follows: Ecosystem health: Rodents are an
essential part of ecosystems and play crucial roles in nutrient cycling
and seed dispersion. However, when they become reservoirs and
vectors for zoonotic pathogens, they can negatively impact the
health of wildlife populations. Understanding the prevalence and
transmission dynamics of zoonotic pathogens can help inform
wildlife management strategies aimed at maintaining ecosystem
health.
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Disease transmission at the wildlife-livestock-humans interface:
In areas where humans, domestic animals, and wildlife interact,
such as the Ngorongoro District, there is a high risk of zoonotic
pathogens transmission among various species. Effective wildlife
management practices need to consider the potential spillover of
pathogens from wildlife to domestic animals and humans, as well as
vice versa. This understanding can inform strategies to mitigate
disease transmission while promoting coexistence between wildlife,
livestock and humans.

Conservation of endangered species: Some zoonotic pathogens
can pose significant threats to endangered wildlife species. By
identifying the presence of these pathogens and understanding their
transmission dynamics, wildlife managers can implement targeted
conservation measures to protect vulnerable populations. This might
include disease surveillance programs, habitat restoration efforts,
and captive breeding initiatives aimed at maintaining genetic
diversity.

Habitat management: Rodents survive in various habitats, including
natural ecosystems and human-modified landscapes. Effective
wildlife management and conservation policies should consider how
land use practices, such as agriculture and urbanization, influence
rodent populations and their interactions with other species.
Implementing habitat management strategies that minimize human-
wildlife conflicts and reduce opportunities for disease transmission
can benefit both wildlife and human communities.

Community involvement in conservation: Raising awareness
about the Ilink between rodent-borne diseases and wildlife
conservation can foster community engagement in conservation
efforts. By empowering local communities to participate in disease
monitoring, habitat restoration, and sustainable land management
practices, policymakers can promote conservation initiatives that
benefit both human health and biodiversity conservation.
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In general, integrating the findings of this study into wildlife
management and conservation policies can help protect biodiversity,
maintain ecosystem integrity, and safeguard human and animal
health in the Ngorongoro District and similar ecosystems around the
world.

7.3 Contribution of my PhD Study

The study has made significant contributions to our understanding of
public health and zoonotic diseases within the Ngorongoro district.
Firstly, it established, for the first time, the remarkable diversity of
pathogenic and zoonotic bacteria across various hosts, including
wild rodents, domestic dogs and humans. Secondly, it expanded our
knowledge by revealing the diversity of pathogenic and zoonotic
viruses within the same populations, shedding light on potential
disease reservoirs and transmission dynamics. Additionally, the
research estimated the levels of knowledge, attitudes, and practices
among human population concerning rodent-borne infections and
Rift valley fever in Ngorongoro district, offering invaluable insights
into community understandings. These results collectively may
contribute to the development of strategies for diseases control and
prevention in the region and other places in Tanzania.

7.4 Recommendations
Based on the finding of this study, the following recommendations
are suggested:

i. Implementing comprehensive education campaigns to raise
awareness about existing zoonotic diseases, emphasizing
the potential risks, mode of transmission, and preventive
and control measures. The education program should target
both the general population and specific high-risk groups,
such as pastoral and agropastoral residing in areas of
human-animal interfaces.
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Adopting a One Health approach that integrates human,
animal, and environmental health sectors to address
zoonotic disease transmission holistically. Facilitating
multidisciplinary collaboration among health professionals,
veterinarians, environmental scientists, and policymakers to
develop and implement coordinated strategies for zoonotic
disease prevention and control. This multidisciplinary
approach is important for active surveillance, early
detection, and management of zoonoses.

Investing in training healthcare professionals, veterinarians,
and other relevant stakeholders on zoonoses, with a focus
on diagnostic techniques, and management options. This
will improve the overall performance and enhance the ability
to provide accurate information to the communities.

Foster community engagement and participation in zoonotic
disease prevention and control efforts through community-
based organizations, local leaders, and healthcare
providers. Encourage active involvement of communities in
surveillance activities, including reporting sick or dead
wildlife, domestic animals, or unusual human illnesses. This
can be achieved through community outreach programs,
workshops, and campaigns that empower individuals to take
ownership of their health and the health of their animals.
The workshops and seminars should focus on safe handling
practices for wildlife, domestic animals, and their products to
reduce the risk of exposure to zoonotic pathogens.

Allot resources for the improvement of healthcare
infrastructure, laboratory facilities, and veterinary services to
enhance disease detection, diagnosis, and response
capabilities. Ensure adequate funding for research initiatives
aimed at understanding the ecology, epidemiology, and
transmission dynamics of zoonotic pathogens in the region.
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Allocate funds for research initiatives aimed at
understanding the ecology, epidemiology, and transmission
dynamics of zoonotic pathogens in the Ngorongoro district.
Support policies that promote interdisciplinary collaboration
among researchers and facilitate the translation of research
findings into actionable interventions.

By implementing these recommendations, stakeholders can work
together to strengthen zoonotic disease surveillance, prevention,
and control measures in the Ngorongoro district, ultimately reducing
the burden of disease on human and animal populations and
safeguarding public health.
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APPENDICES

Appendix 1: Various photos from field and lab works

Plate 1: Indoor trapping of Plate 2: Ratus captured from the
rodent store

Plate 3: Outdoor trapping of Plate 4: Rodent runway
rodent around home
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Plate 5: Blood collection from Plate 6: MinlON sequencing
dog
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Appendix 2: Questionnaire tool

QUESTIONNAIRE TOOL

Questionnaire No............... Date .....coccvvvvvnneennn

SOKOINE UNIVERSITY OF AGRICULTURE

COLLEGE OF FORESTRY, WILDLIFE AND TOURISM

Knowledge, attitude and practices of community on Rift
Valley fever management and Rodent borne diseases in
Ngorongoro district, Tanzania

Questionnaire for household heads

This questionnaire should be completed by household Heads

Good morning/afternoon/evening we are researchers from SUA
conducting a study on knowledge, attitude and practices of
community on Rift Valley fever management and Rodent
borne diseases. We guarantee that any information you share
will remain undisclosed to anyone. This interview will take 30
minutes only and your time will be highly appreciated.

| certify to the best of my understanding | have conducted the
interview according to the study brief | was given.

Interviewer ID.................. Supervisor’s signature ...............
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No | Questions

| Responses

SECTION 1: DEMOGRAPHIC OF RESPONDENT

1. | Name
2. | Respondent age 1. 18-24 4. 45-54
2. 25-34 5. 55-64
3. 35-44 6. >65
7.1don’ tknow
3. | Gender 1. Male
2. Female
3. Hermaphrodite
4. | What is your 1. Not attended 6. College
highest level of school 7. University
education? 2. Did not completed | 8. Idon’ tknow
primary school
3. Informal
4. Primary
5. Secondary
5. | What is your 1. Muslim 5. ldon’ tknow
religion? 2. Christian
3. Traditional
4. Others Mention---
6. | What is your 1. Single never 5. Divorced
marital status? married 6. ldon’ tknow
2. Married
3. Widow/widower
4. Separated
7. | Who is the head of | 1. Husband 4. ldon’ tknow
this household? 2. Wife
3.

Others mention- -
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What is the main
source of income
in this household?

oo~

Livestock keeping
Crop farming
Employment
Business

5. Mixed sources
6. Other mention

7. Idon’ tknow

SECTION 2: RESPONDENT’

S HOUSEHOLD CHARACTERISTIC

9. | Whatis the sizeof | 1. 1-5 4. Other mention- -+
your household? 2. 610 |
3. >10 5.1don’ tknow
10. | Walls of the house. | 1. Mad 5. Animal feces
2. Blocks 6. Others mention- -
3. Blockswith | ..o
concrete
4. Grass
11. | Types of windows | 1. Nets windows 4. Other mention---
of the house. 2. Windowswith | ...l
shutters 5. Idon’ tknow
3. Open windows
12. | Type of roof of the | 1. Iron sheet 4.Other mention------
house 2. Grass | ..
3. Mad
13. | Do you use 1. Yes If yes
electricity in your 2. No 1. TANESCO
house? 2. Solar
14. | Which type of toilet | 1. Pit latrine 3. No toilet
available in this 2. Flush Sink 4. ldon’ tknow
household?
15. | How do you get 1. Radio 4. News paper
news? 2. TV 5. Gatherings
3. Phone 6. Health/veterinary
servants

7. Other mention---
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SECTION 3: KNOWLEDGE OF COMMUNITIES ON MOSQUITOES, RVF AND

RODENTS

16. | Have you heard 1.Yes
about or seen 2.No
mosquitoes?

17. | How often do you 1. Everyday 3. Idon’ tknow
get bitten by Rarely
mosquitoes?

18 | Which effect do 1. Transmit 3. No effect
mosquitoes have pathogens 4. 1don’ tknow
on your quality of 2. Cause nuisance
life?

18. | What are the 1. Malaria 4. Other mention ---
diseases that are . RVF |
transmitted through | 3. Dengue | ...
mosquitoes 5. ldon’ tknow
bites?

19. | Which species of 1. Anopheles 4. Other mention---
mosquitoesdoyou | 2. Culex | .
know? 3. Aedes

5. ldon’ tknow

20. | Which measures do | 1. Kill as noticed 4. Bush clearance
you use to reduce Use of Other mention---
mosquito insecticides | ... .
population around sprays 6. ldon’ tknow
home compound? | 3. Eliminate 7. I do nothing

stagnant water

21. | Which control 1. Mosquito netting | 5. Insect zapper
measure do you 2. Repellents 6. Other mention---
take to protect 3. Stayindoor | ...l
yourself and your 4. Insect screens 7 1don’ tknow
family from being
bitten by
mosquitoes?

22. | If repellents used, 1. Mosquito coils 3. Other-----«+-+--
which type? Mosquito | ...l

repellent liquid
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4. ldon’ tknow
23. | Which season of 1. Rain season 3. Other-----------
the year mosquito | 2. Dryseason | ...l .
population is high? 4 ldon’ tknow
24. | Have you heard 1. Yes
about RVF 2. No
disease?
25. | Is the disease 1. Yes
zoonotic? 2. No
26. | If Yesin the above | 1. Humans 5. Other------vveeveeee
question which 2. Ruminants | ......... .
types of animals 3. Rodents/wildlife | ¢ | qon’ tknow
can be infected? 4. Dogs
27. | What are the 1. Hemorrhagic 7. Abortion
common clinical fever 8. Headache
signs of RVF in 2. Febrile fever 9. Blurred vision
humans? 3. Muscle/joint pain | 10. Others mention---
4. Backache | ...l .
5. Convulsion 11. I'don’ t know
6. Lethargy
28. | What are the 1. Hemorrhagic 6. Mucopurulent
general clinical fever discharges
signs of RVF in 2. Fever 7. In coordination
infected animals? | 3. Fetid diarrhea 8. Abortion
4. Lameness 9. High mortality of
5. Lacrimation new borne

10. Other mention---

1

1. 1don’ tknow.




119

29. | What are the routes | 1. Direct contact . Aerosol
of transmission of with Animal fluid Other mention- -
RVFVtohumans? | 2. Drinkingrawmilk | .........ooeeni.
3. Consumption of ldon’ tknow
raw or
undercooked
meat
4. Contact with
contaminated
surfaces
5. Mosquitoes’
bites
30. | What are the routes | 1. Mosquitoes’ Idon” tknow
of transmission of bites
RVFVto animals? | 2. Blood feeding
flies
3. Sheltering
animals in
houses
4. Other mention---
31. | Do you know 1. Yes
rodents? 2. No
32. | Mention Species of I Y R L EETTR TR
rodents you know. | ... | Ll
2. .................. |don’ tknOW
3_ ..................
33. | Where have you 1. Inside the house In the farm
seen them? 2. Around home Other mention- -
compound | .l
3. Inthe Idon’ t know

forest/bushes
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34 Why rodents get 1 .................. | don’ t knOW
inside the house? |  ....eo......

2_ ..................
3. ..................

35 What are the 1. e Qo
adverseeffects of |  .ooeeiiii. |
rodents in the TR T T Beerneneieieans
communities? | |

3. .................. 6 | don, tknow

36. | Do you know that 1. Yes
rodents harbor 2. No
zoonotic diseases?

37. |f yes in above 1. i [ 4 e
question, whatare | ... |
the zoonotic D i [ B e,
diseases | ... | ...
transmissible from
rodents to humans? 3 ....................................

38. | How do you control | 1. Use of cats Other
rodents? 2. Rodenticides [don’ tknow

3. Settraps

39. | Which form of 1. Rat poison liquid Rat poison powder
rodenticides do you | 2. Rat poison pellets I don’ tknow
use?

40 What are heaﬂh 1 ....................................
risksofusing | .o |l )
rodenticides inyour | o .................. ldon’ tknow

house?
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SECTION 4: RESPONDENTS ATTITUDE TOWARD RFV
MANAGEMENT, MOSQUITOES AND RODENTS

Tick the appropriate number (1= Completely agree, 2= Agree, 3= Neutral,
4= Disagree and 5= Completely disagree)

STATEMENT

RESPONSES

1

2

3

4

Attitude toward RVF

Rift Valley Fever is a hazardous disease of
public health importance

2. | Humans are at high risk of being infected with
RVF virus in this district

3. | Spread of RVF virus infection to both humans
and animals can be prevented

4. | You believe that vaccinating animals against
RFV is important.

5. | You trust that wearing protective gears while
cleaning the environment prevents RVF
transmission.

6. | You believe that interaction with rodents/dogs
can spread RVF to humans.

7. | Proper vectors (Mosquitoes) control can
prevent RVF outbreak in this area

8. | The interaction between human, domestic and
wildlife animals can facilitate spreads of RVF
virus.

9. | Health workers can solve the problem of RVF
outbreaks in this district.

10.| You always provide information regarding sick
or deceased animals
Attitude toward mosquitoes

11.] You believe that mosquitoes do have impact on
your life quality

12.| You believe that you are at risk of acquiring
mosquito borne diseases

13.| You believe that mosquitoes’ bites can transmit
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diseases

14.

You are always concern with mosquitoes’
control and prevention

Attitude toward rodents

15.

Rodents have adverse effects on public health

16.

You are at risk of catching rodent borne
Z0ON0Ses

17.

You trust that rodents can harbor infectious
agents

18.

You are always concern with rodent controls
and prevention

SECTION 5: RESPONDENTS PRACTICES ON RIFT VALLEY FEVER
AND OTHER RODENTS BORNE ZOONOSES PREVENTION

STATEMENT

RESPONSES

| Do you avoid contact with blood/fluids from sick

animals?

Do you avoid handling of aborted fetuses on bare
hands?

Do you eat well cooked meat products from
domestic and wildlife animals?

Do you drink properly boiled milk?

Do you eat wild animals?

Do you drink fresh blood collected from animals?

N> o~

Do you wear protective gears during handling sick
or dead animals?

©

Do you avoid keeping animals inside your house?

Do you use Insecticides treated nets in your house?

Total score RVF practices

Do you use mosquito repellents?

Do you treat ponds/stagnant water with
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insecticides?

1

Do you avoid staying outdoors at night?

Total score Mosquitoes practices

Do you consume rodents?

14

Do you control rodents in your house?

18

Do you handle dead rodent with your bare hands?

16

Do you wear protective gears during environmental
cleanliness?

Total score Rodents practices

THANK YOU FOR YOUR VALUABLE TIME AND
Responses
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Appendix 3: Guideline for focus group discussion

QUESTIONS FOR FOCUS GROUPS DISCUSSION

1

How do you understand RVF?

What are the adverse effects of RVF
in this district?

What are risk factors which contribute
to RVF occurrence in this district?

What can be done to avoid RVF
episodes in this district?

2 | Questions on rodents

Do you know rodents

Do you think rodents have adverse
effects to this community?

Mention rodent-borne diseases

How do this community control
rodents?

THANK YOU FOR YOUR VALUABLE TIME AND RESPONS
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Appendix 4: Guideline for key informants’ interviews

Awareness and socioeconomic importance of RVF in the district

No | Questions

1. | What do you understand about RVF? Does
this district experienced RVF?

2. | What are risk factors which contribute to RVF
occurrence in this district?

3. | Do you think that the lifestyle of this
community predisposes them to RVFV
infection?

What were the major effects of RVF in this
community?

4. | Briefly explain how the previous RVF
outbreaks managed in this district?

Community knowledge on RVF

5. | Do you think that the community is aware of
the risk factors which contribute to RVF
epidemic?

6 | Does the community know the clinical signs of
RVF in both humans and animals?

7 | What is the attitude of the community toward
RVF?

8. | What are the challenges due to health
services provided in this district?

9. | Further views on RVF if any.

Knowledge about rodent-borne diseases

10. | Do you know rodents?

11. | What are adverse effects of rodents in the
community?

12. | Do you think rodent can transmit diseases?

13. | How do this community control rodent
population?
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Appendix 5: Assessment of rodents’ inhabitation in houses and
around houses in Ngorongoro district

Househol
d Identity

Presence of
rodent runways
(Yes/No)

Rodents’
droppings
(Yes/No)

Presence of
burrows
(Yes/No)

Rodent

trapping
(Yes/No)
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