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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 Illumina 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 
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by using MiSeq and MinION 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 zoonotic 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 
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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.  
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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. 
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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 iliripotiwa 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 MinION pamoja na programu ya 
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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 yalionyesha kuwa 8.52% ya 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 yalionyesha 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, 
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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 ujumla. 

 

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 
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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 
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(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 
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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 
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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-
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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.   
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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 
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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? 

ii. Are there any potential zoonotic pathogens present in the 

study populations? 

iii. 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 
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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 Illumina (used MiSeq) 

and Nanopore (used MinION sequencer (Plate 6) technologies were 

applied. Nucleic acids were extracted using the QIAamp® RNA/DNA 

Blood Mini Kit following Qiagen's instructions. For MinION 

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);   
        

    assuming a 

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 
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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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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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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 
I don’t know 35 9.94 

   
What effects do Mosquitoes have to the quality of 
your life? 

n=352  

Transmit pathogen 307 87.23 
Cause nuisance 24 6.82 
I don’t know 21 5.97 
Mosquito-borne diseases known/mentioned n=353*  
Malaria 314 89.22 
Dengue 1 0.03 
I 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 
I don’t know 273 77.56 
   
Which measures do you use to reduce mosquito 
population? 

n=361*  

Use of insecticides sprays 22 6.25 
Eliminate stagnant water 5 1.42 
Bush clearance 71 20.17 
I do nothing 256 72.72 

Kill as noticed 7 1.99 

Which control measure do you take to protect 
yourself and your family from being bitten by 
mosquitoes? 

n=355*  

Mosquito netting 311 88.35 
Repellents 3 0.85 
Stay indoor 11 3.13 
I don’t know 30 8.52 

   
Which season of the year mosquito population is 
high? 

n=352  

Rain season 335 95.17 
I 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 
I 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 

Agree Neutral Disagree Completely 
disagree 

Believing that mosquitoes 
have impact on their quality 
of life 

57(16) 210(60) 56(16) 25(7) 4(1) 

Believing that they at risk of 
acquiring mosquito borne 
diseases 

28(8) 202(57) 64(18) 34(10) 24(7) 

Believing that mosquitoes‘ 
bites can transmit diseases 

40(11) 221(63) 67(19) 19(6) 5(1) 

Always concerned with 
mosquitoes‘ management 

19(5) 218(62) 59(17) 48(14) 8(2) 

 

S4 Table: Proportion of communities’ attitude toward RVF 

transmission and prevention 
Variable Number (%) of respondents’ responses 

 Completely 
agree 

Agree Neutral Disagree Completely 
disagree 

Rift Valley Fever is a 
hazardous disease of public 
health importance 

22(6) 83(24) 172(49) 71(20) 4(1) 

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

27(8) 73(21) 132(37) 99(28) 21(6) 

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

41(12) 124(35) 143(41) 37(10) 7(2) 

Vaccination of livestock 
against RFV is crucial. 

58(16) 127(37) 132(37) 31(9) 4(1) 

Wearing protective gears 
while cleaning the 
environment prevents RVF 
transmission. 

25(7) 86(24) 147(42) 64(18) 30(9) 

Proper vectors management 
can prevent RVF outbreak  

28(8) 95(26) 150(43) 55(16) 24(7) 

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

29(8) 92(26) 154(44) 55(16) 22(6) 

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

39(11) 88(25) 174(50) 45(13) 6(2) 

You always provide 
information regarding sick or 
deceased animals 

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



84 
 

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 1.71 

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 1.71 

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., 1995), 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 numerous 

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 



106 
 

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 
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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 link 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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ii. 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.  
 

iii. 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. 

  

iv. 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. 

 

v. 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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vi. 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 

rodent 

Plate 2: Ratus captured from the 

store   

Plate 3: Outdoor trapping of 

rodent  
Plate 4: Rodent runway 

around home 
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Plate 5: Blood collection from 

dog 

Plate 6: MinION sequencing 
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Appendix 2: Questionnaire tool 

QUESTIONNAIRE TOOL  

Questionnaire No…………… Date ………………… 

 

 

 

 

 

 

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. 

I certify to the best of my understanding I have conducted the 

interview according to the study brief I was given. 

Interviewer ID………………   Supervisor‘s signature …………… 

 

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 
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No Questions Responses 

SECTION 1: DEMOGRAPHIC OF RESPONDENT 

1.  Name  

2.  Respondent age 1. 18-24 
2. 25-34 
3. 35-44 

4. 45-54 
5. 55-64 
6. >65 

7. I don’t know 

3.  Gender 1. Male 
2. Female 
3. Hermaphrodite 

4.  What is your 
highest level of 
education? 
 

1. Not attended 
school 

2. Did not completed 
primary school 

3. Informal  
4. Primary 
5. Secondary 

6. College 
7. University 

8.  I don’t know 

 

5.  What is your 
religion? 

1. Muslim 
2. Christian 
3. Traditional 

4. Others Mention…

………………

… 

5. I don’t know 

6.  What is your 
marital status? 

1. Single never 
married 

2. Married 
3. Widow/widower 
4. Separated  

5. Divorced 

6.    I don’t know 

7.  Who is the head of 
this household? 

1. Husband 
2. Wife 

3. Others mention…

………….. 

4. I don’t know 
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8.  What is the main 
source of income 
in this household? 

1. Livestock keeping 
2. Crop farming 
3. Employment 
4. Business 

5. Mixed sources 
6. Other mention 

……………………. 

7.  I don’t know 

SECTION 2: RESPONDENT’S HOUSEHOLD CHARACTERISTIC 

9.  What is the size of 
your household? 

1. 1-5 
2. 6-10 
3. >10 

4. Other mention……

………… 

5. I don’t know 

10. 
 
 
 
 

Walls of the house. 1. Mad 
2. Blocks 
3. Blocks with 

concrete 
4. Grass 

5. Animal feces 

6. Others mention…

…………………. 

11. 
 
 
 

Types of windows 
of the house. 

1. Nets windows  
2. Windows with 

shutters 
3. Open windows 

4. Other mention…

………………. 

5. I don’t know 

12. 
 

Type of roof of the 
house 

1. Iron sheet 
2. Grass 
3. Mad 

4. Other mention……

……………... 

13. 
 

Do you use 
electricity in your 
house? 

1. Yes 
2. No 

If yes  
1. TANESCO 
2. Solar 

14. 
 

Which type of toilet 
available in this 
household? 

1. Pit latrine 
2. Flush Sink 

3. No toilet 

4. I don’t know 

15. 
 

How do you get 
news? 

1. Radio 
2. TV 
3. Phone 

4. News paper 
5. Gatherings 
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 
about or seen 
mosquitoes? 

1.Yes 
2. No 

 

17.  How often do you 
get bitten by 
mosquitoes? 

1. Everyday 
2. Rarely  

3. I don’t know 

18 Which effect do 
mosquitoes have 
on your quality of 
life? 

1. Transmit 
pathogens 

2. Cause nuisance 

3. No effect 

4. I don’t know 

18. 
 

What are the 
diseases that are 
transmitted through 

mosquitoes ‘
bites?  

1. Malaria 
2. RVF 
3. Dengue 

4. Other mention …

………………

………... 

5. I don’t know 

19. 
 

Which species of 
mosquitoes do you 
know? 

1. Anopheles  
2. Culex 
3. Aedes 

4. Other mention…

………………

… 

5. I don’t know  

20.   Which measures do 
you use to reduce 
mosquito 
population around 
home compound? 

1. Kill as noticed 
2. Use of 

insecticides 
sprays 

3. Eliminate 
stagnant water 

4. Bush clearance 

5. Other mention…

…………. 

6. I don’t know 

7. I do nothing 

21. Which control 
measure do you 
take to protect 
yourself and your 
family from being 
bitten by 
mosquitoes? 

1. Mosquito netting 
2. Repellents 
3. Stay indoor 
4. Insect screens 

5. Insect zapper 

6. Other mention…

………… 

7. I don’t know 

22. If repellents used, 
which type?  

1. Mosquito coils 
2. Mosquito 

repellent liquid 

3. Other…………

……… 
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4. I don’t know 

23. Which season of 
the year mosquito 
population is high? 

1. Rain season 
2. Dry season 

3. Other…………

……………. 

4. I don’t know 

24. 
 

Have you heard 
about RVF 
disease? 

1. Yes 
2. No 

 

25. 
 

Is the disease 
zoonotic? 

1. Yes 
2. No 

 

26. 
 

If Yes in the above 
question which 
types of animals 
can be infected? 

1. Humans 
2. Ruminants 
3. Rodents/wildlife 
4. Dogs 

5. Other……………

………. 

6. I don’t know  

27. 
 

What are the 
common clinical 
signs of RVF in 
humans? 
 

1. Hemorrhagic 
fever 

2. Febrile fever 
3. Muscle/joint pain 
4. Backache 
5. Convulsion 
6. Lethargy 

7. Abortion 
8. Headache 
9. Blurred vision 

10. Others mention…

……………. 

11. I don’t know 

28. 
 

What are the 
general clinical 
signs of RVF in 
infected animals? 

1. Hemorrhagic 
fever 

2. Fever 
3. Fetid diarrhea 
4. Lameness 
5. Lacrimation 

6. Mucopurulent 
discharges 

7. In coordination 
8. Abortion 
9. High mortality of 

new borne 

10. Other mention…

……………… 

11. I don’t know. 
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29. 
 

What are the routes 
of transmission of 
RVFV to humans? 

1. Direct contact 
with Animal fluid  

2. Drinking raw milk 
3. Consumption of 

raw or 
undercooked 
meat 

4. Contact with 
contaminated 
surfaces 

5. Mosquitoes’ 

bites 

6. Aerosol 

7. Other mention…

………………. 

8. I don’t know 

30. 
 

What are the routes 
of transmission of 
RVFV to animals? 

1. Mosquitoes’ 

bites 
2. Blood feeding 

flies 
3. Sheltering 

animals in 
houses 

4. Other mention…

………………
... 

5. I don’t know 

31. 
 

Do you know 
rodents? 

1. Yes 
2. No 

 

32. 
 

Mention species of 
rodents you know. 

1. ………………

……….. 

2. ………………

…………… 

3. ………………

……….. 

 

4. ………………

…… 

5. I don’t know 

33. 
 

Where have you 
seen them? 

1. Inside the house 
2. Around home 

compound 
3. In the 

forest/bushes 

4. In the farm 

5. Other mention…

………………. 

6. I don’t know 
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34. 
 

Why rodents get 
inside the house? 

1. ………………

………….. 

2. ………………

…………….. 

3. ………………

……………… 

4. I don’t know 

 
 

35 What are the 
adverse effects of 
rodents in the 
communities? 

1. ………………

………… 

2. ………………

……………. 

3. ………………

…………….. 

4.………………

……………. 

5………………

……………... 

6 I don’t know 

36. 
 

Do you know that 
rodents harbor 
zoonotic diseases? 

1. Yes 
2. No 

 

37. 
 

If yes in above 
question, what are 
the zoonotic 
diseases 
transmissible from 
rodents to humans? 

1. ………………

…………… 

2. ………………

…………… 

3. ………………

…………… 

4. ………………

…… 

5. ………………

…… 

6. ………………

…… 

38. 
 

How do you control 
rodents? 

1. Use of cats 
2. Rodenticides 
3. Set traps 

4. Other 

5. I don’t know 

39. 
 

Which form of 
rodenticides do you 
use? 

1. Rat poison liquid 
2. Rat poison pellets  

3. Rat poison powder 

4. I don’t know 

40. 
 

What are health 
risks of using 
rodenticides in your 
house? 

1. ………………

…………… 

2. ………………

……………. 

3. ………………

…….. 

4. I don’t know 
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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 5 

 Attitude toward RVF      

1.  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 
zoonoses 

     

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 

  

1.  Do you avoid contact with blood/fluids from sick 

animals? 

  

2.  Do you avoid handling of aborted fetuses on bare 

hands? 

  

3.  Do you eat well cooked meat products from 

domestic and wildlife animals? 

  

4.  Do you drink properly boiled milk?   

5.  Do you eat wild animals?   

6.  Do you drink fresh blood collected from animals?   

7.  Do you wear protective gears during handling sick 

or dead animals? 

  

8.  Do you avoid keeping animals inside your house?   

9.  Do you use Insecticides treated nets in your house?   

 Total score RVF practices   

10.  Do you use mosquito repellents?   

11.  Do you treat ponds/stagnant water with   
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insecticides? 

12.  Do you avoid staying outdoors at night?   

 Total score Mosquitoes practices   

13.  Do you consume rodents?   

14.  Do you control rodents in your house?   

15.  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? 

 

1.  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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