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Abstract 

Rodents are the most diversified terrestrial mammals in the world. These animals assist with 

maintaining a healthy ecosystem through the soil structure modification, aeration, and hydration, 

although 5-10% are regarded as pests and carry zoonotic pathogens. Besides consumption and damage 

of our food and property, they are responsible for the transmission of several diseases, including plague, 

typhus, and leishmaniasis. Commensal rodents are the primary source of these pathogens because of 

their close proximity to humans. Qatar is a small country in the Arabian Peninsula. Four rodent species 

have been recorded in this country, that includes three commensal (Mus musculus, Rattus norvegicus, 

and Rattus rattus) and one wild (Jaculus jaculus) species. The zoonotic importance of rodents is yet to 

be explored. Knowing the pathogens originating from rodents is essential for early preparedness, 

prevention, and control. Therefore, the current study was undertaken on commensal rodents, rodent-

borne zoonotic pathogens, and the factors that are associated with pathogen prevalence among rodents, 

such as rodent sex, age, and trapping location in Qatar. A cross-sectional study was conducted between 

August 2019 and February 2020, which trapped rodents from different facilities, such as livestock and 

agricultural farms, bachelor and family accommodations, and industrial and commercial areas of Qatar. 

After studying the morphological and morphometric characters, blood samples, ectoparasites and 

visceral samples were collected from the captured rodents. Parasitic, bacterial, and viral pathogens were 

identified and characterized using gross, necropsy, microscopic, culture, biochemical, immunologic, 

and molecular methods. Descriptive statistics and univariate analysis were conducted to detect rodents, 

rodent-borne pathogens abundance, and the related risk factors. The study trapped 148 rodents, most of 

which were adults (n = 138, 93.2%, 95% CI: 87.92–96.71), and from livestock farms (n = 79, 49%, 

95% CI: 41.02–57.65). R. norvregicus was the most prevalent (n = 120, 81%, 95% CI: 73.83–87.05), 

followed by R. rattus (n=24, 16%, 95% CI:10.68–23.16) and M. musculus (n=4, 3%, 95% CI: 0.74–

6.78) with an average body weight of 18.8 ± 2.2 gm, 264.3 ± 87.5 gm, and 130 ± 71.3 gm, respectively. 

This is the first morphologic and morphometric study of commensal rodents in Qatar and the Arabian 

Peninsula that detected the Qatari rodents are relatively smaller than those of Turkey, Tunisia, and Iran. 

About 63.5% of the rodents were infected with at least one of the 9 species of parasites, viz. Xenopsylla 

astia, Ornithonyssus bacoti, Hymenolepis diminuta, Taenia taeniaeformis, Capillaria annulosa, 

Strongyloides spp., Giardia spp., Toxoplasma gondii, Trypanosoma lewisi, and Leishmania spp. 

Helminths were the most prevalent (46.0%), followed by ectoparasites (31.8%) and protozoa (29.1%). 

Going by individual species prevalence, X. astia ranked the highest (31.8%), where the lowest prevalent 

parasite was C. annulosa (0.7%). The prevalence of H. diminuta was positively correlated (OR=4.13; 

p = 0.00) with the prevalence of X. astia. The study also identified thirteen bacterial species, namely 

Acinetobacter baumannii, Aeromonas salmonicida, Citrobacter freundii, Citrobacter koseri, 

Enterobacter aerogenes, Enterobacter cloacae, Escherichia coli, Hafnia alvei, Klebsiella pneumoniae, 

Providencia stuartii, Proteus mirabilis, Pseudomonas aeruginosa, and Salmonella enterica, from the 

intestine samples. The majority of the bacteria were E. coli (54.63%, 95% CI: 44.76-64.24), followed 

by P. mirabilis (17.59%, 95% CI: 10.94-26.10), and K. pneumoniae (8.33%, 95% CI: 3.88-15.23). The 

study detected 31.58% (6/19, 95% CI: 12.58-56.55) of the flea pools, and one (1/1) mite pool was 

positive with Rickettsia spp. S. enterica showed the highest antimicrobial resistance (100% resistant to 

8 antimicrobials). The top resistant antimicrobials were from cephalosporin, followed by penicillin and 

tetracycline groups. E. coli (26.92%, 95% CI:11.57-47.97) and K. pneumonia (50%, 95% CI: 6.76-

93.24) were ESBL (extended-spectrum beta-lactamases) producers. The studied rodents are indicators 

of the presence and dispersal of zoonotic pathogens in Qatar. Urgent action is needed to prevent future 

spillover of these pathogens at the human-animal-environment interface. It is essential to understand 

the biology, epidemiology, and transmission dynamics of these pathogens. Farm biosecurity and 

integrated pest management approach should be implemented in the farm premises. Implementing the 

One Health approach to combat rodent-borne zoonoses in order to reduce the risk of the future epidemic 

in Qatar is strongly recommended. 
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Isihloko: Ukwehluka kwezindalasifo ezithelelwanayo 

ezisemagundaneni   endaweni ehlala abantu nezilwane   

eQatar 

Iqoqa 

Amagundane ahlukene kakhulu ayizilwane ezincelisayo ezihlala ezweni. Lezi zilwane ziwusizo 

ngokugcina ihlanzekile inhlalo yemvelo ngokuguquka kwesimo somhlabathi, ukuguquguquka 

okwenziwa wumoya, ukumunceka kwamanzi, nakuba u-5-10% uthathwa njengezilwanyana 

eziyingozi/khathazayo nezithelelana ngendalasifo. Ngaphandle kokuba amagundane adle esikudlayo 

futhi onokalise ukudla kwethu, yiwona kanye athelelana ngezifo eziningi, kubandakanya ubhubhane, 

utwayi, nezilonda ezijulile. Ofeleba bamagundane ayisizinda salezi zindalasifo ngenxa yokusondelana 

kakhulu nabantu. I-Qatar iyizwana elise- Arabian Peninsula. Zine izinhlobo zamagundane ezitholwe 

kuleli lizwe, kubandakanya izilwane ezindlandawonye (amagundane ahlala endlini, amagundane 

ansundu, namagundane amnyama kanye namanye asendle anomsila omude nezinyawo ezinde. 

Ukubaluleka kokuthelelana kwamagundane kusazohlolwa. Ukwazi ngendalasifo evela emagundaneni 

kusemqoka ukuma ngomumo, ukuvikela, nokulawula. Ngakho-ke, lolu cwaningo lwenziwe kuqondwe 

amagundane adla ndabawonye/aluhlobofana, indalazifo ngokuthelelwa ngamagundane, nokunye 

okusondelene nendalasifo esabalele phakathi kwamagundane, njengobulili begundane, iminyaka, 

nalapho ande khona eQatar. Ucwaningo olugxile sakusabalala lwenziwe phakathi kukaNcwaba wezi-

2019 noNhlolanja wezi-2020, ngamagundane agcinwe ezindaweni ezehlukahlukene, 

njengasemfuyweni nasemasimini ezolimo, ezindaweni ezihlala ngayedwana, ezemindeni, embonini 

kanye nasezindaweni zokuhweba eQatar.  Emuva kokucwaninga ngafanayo nangokulinganisa umumo 

nesakhiwo, izibonelo zegazi, izimuncagazi nezibonelo zezibilini kwathathwa emagundaneni 

ayebanjiwe. Okuphila ngokudla emzimbeni wokunye, ibhakitheriya, ukusabalala kwendalasifo, 

kwahlonzwa futhi kwachazwa ubunjalo kusetsheniswa igrosi, ukuhlolwa kwesilwane sesifile noma 

ukusabalala kwesifo, ukupopola, isikompilo, ukusebenza kwekhemikhali emzimbeni, ukufunda 

ngezivikelimzimba, nangezindlela zemolekhula. Inani elichazwayo nokuhlaziywa kohlobolunye 

lweminingwane kwenziwa ukuthola amagundane nendalasifo yamagundane ethelelwanayo ngobuningi 

nokunye kwalokho okungaba yingozi. Ucwaningo lugcine amagundane ayi-148, iningi layo 

ebesemadala, (n = 138, 93.2%, 95% CI: 87.92–96.71), kuthi athathwe emapulazini emfuyo abe (n = 79, 

49%, 95% CI: 41.02–57.65). Amagundane ansundu yiwona ebemaningi (n = 120, 81%, 95% CI: 73.83–

87.05), kulandele amnyama (n=24, 16%, 95% CI:10.68–23.16) kube ansundumpunga (n=4, 3%, 95% 

CI: 0.74–6.78) avame ukuba nomzimba osisindo singu-18.8 ± 2.2 gm, 264.3 ± 87.5 gm, and 130 ± 71.3 

gm, ngokulandelana. Lolu cwaningo lungolokuqala lomumo nokwakheka kwamagundane adla 

ndawonye eQatar nase-Arabian Peninsula oluhlole amagundane aseQatar, mancane kunawaseTurkey, 

awaseTunisia nawase-Iran. Cishe ngama-63.5% wamagundane abetheleleke okunganani ngolulodwa 

kweziyi-9 eziphila ngokuncela ezinye, okungamazenze, izimbungulu, izikelemu emagundaneni, 

izikelemu ezisamisundu, okusashongololocimbi, izinhlobonhlobo zemisundu, igciwane elincu elenza 

uhudo, ithazopulasma gondi, itrayipanosoma lewisi, namashandazilonda.  Imisundu iyona ebiminingi 

kakhulu ingu-46.0%, kulandele imiqhaza/izintwala (31.8%) nezilwane ezinamagqamuzana 

amancu/amaphrothozowa (29.1%). Ngokubheka ngalunye uluhlobofana ngobuningi, amazenze 

asemagundwaneni akleliswe phezulu ngo-31.8%, kuthi izincelagazi ezimaphansi ngobuningi kube yi-

C. Anulosa (0.7%). Obekukuningi kwezikelemu ezisemagundwaneni kuhambisana bekungu (OR=4.13; 

p = 0.00) kuhamba phambili amazenze emagundwaneni. Ucwaningo luphinde lwahlonza uhlobofana 

lwebhaktheriya, imbulungandilinga, etholakala enhlanzini, emisanduku, ehambisana kakhulu nesifo 

imenenjathisi, iqoqondalazifobhaktheriya, ibhaktheriyasanduku, ibhaktheriyazibilini, iHafiniya aliveyi, 

iklebisiyela yumoniya, ibhaktheriya edala ukuchama kabuhlungu nohudo, iprothewusi mirabilisi, 

ibhaktheriyasanduku, nebhaktheriyambulungaboya, okuthathwe emathunjini kwaba yizibonelo. Iningi 

lazo bekuyibhaktheriyazibilini ebingu (54.63%, 95% CI: 44.76-64.24), kulandele ibhaktheriya 

eshwizashwizayo (17.59%, 95% CI: 10.94-26.10), ibhaktherimaphaphu/oyithola usesemtholampilo 

(8.33%, 95% CI: 3.88-15.23). Ucwaningo luthole 31.58% (6/19, 95% CI: 12.58-56.55) wamazenze 
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asemadamini okubhukuda, kwathi elilodwa (1/1) okusazicabucabu edamini kutholakale 

kunebhaktheriya ethelelwanwayo. Ibhaktheriya yamathumbu ikhombise ngamandla ukungagobi 

uphondo nge (100% kwezingu-8 izibulalibhaktheriya). Amabhaktheriya ebelingathi shu ikhambi kuwo 

abesukela kusephalosporini, kulandele amakhambi akhiqizwe ngokwemvelo bese kuba yiqoqo 

lamakhambi okwelapha ukutheleka kwebhaktheriya. Ibhaktheriya evame ukuhlala emathunjini 

ibingama (26.92%, 95% CI:11.57-47.97) kuthi ibhaktheriyamaphaphu ibe ngu (50%, 95% CI: 6.76-

93.24) obekungama-enziyamu athile akhiqhizwa ngamabhaktheriya) bekuyizikhiqizi. Ucwaningo 

ngamagundane ahloliwe beluyizinkomba zokuba khona nokusabalala kwendalazifo evela ezilwaneni 

eQatar. Umnyakazo ophuthumayo uyadingeka ukunqanda ukusabalala kwendalazifo ngomuso 

endaweni ehlala abantu nezilwane. Kusemqoka ukuqonda ngempilo yokuphilayo, izimbangela zempilo 

nangezifo kubantu/ngokwenzeka kubantu, nezindlela okwenzeka ngazo ukuthelelana ngalezi 

zindalazifo. Iningi lezindalazifo litholwe livela emagundaneni afuyiwe nasemasimini ezolimo. izindlela 

zokuphatha kwabakhiqizi ukugwema ukusabalala kwezifo kwezolimo, ukusebenzisa izindlela zemvelo 

ukulawula izinambuzane kufanele kwenziwe ezindaweni zolimo. Ukusebenzisa indlela eyodwa 

yezempilo ukulwa nokuthelelwa ngamagundane ngezifo ukuze kunciphe ukuba sengcupheni 

kwekusasa ngokubhebhetheka kokuthelelana ngesifo eQatar kuyisincomo esiqave kakhulu.
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Rodent overview 

Rodents are the most represented mammalian order in the world. The Class Mammalia consists of 27 

orders, which comprises 1314 genera and 6495 species. The order Rodentia has 36 families that include 

513 genera and 2552 species. The prominent rodent families are Muridae (157 genera and 834 species), 

Cricetidae (145 genera and 792 species), and Sciuridae (62 genera and 298 species) [1]. Rodents are 

distributed in every terrestrial ecosystem, from the desert to the arctic, except Antarctica and some 

islands [2]. These animals have evolved from the Clade Glires over 100 million years ago [3,4]. They 

have rapid evolution abilities, such as high prolificacy, short gestation period, easy adaptability to 

unusual environment, which made them capable of surviving in different ecosystems [5]. With extreme 

phenotypic differences, they are the most diversified mammals in the terrestrial ecosystems. The 

majority of the rodents are small and have a unique body shape. However, some are very small (Pygmy 

mouse: Mus minutoides, having only 5 g body weight) and others are big sized (Capybara: 

Hydrochoerus hydrochaeris, 35-66kg body weight) [6]. The adaptations of lesser jerboa (Jaculus 

jaculus), such as their ability to jump, live with minimal water, and run up to 10-14 kilometers searching 

for food has enabled them to survive in the harsh conditions of the desert [7]. Muskrat (Ondatra 

zibethicus) are semi-aquatic rodents, found in the wetlands [6,8]. On the other hand, Tundra vole 

(Microtus oeconomus) are capable of living in cold weather, including in the Arctic. Some have 

flying/gliding ability (Idiurus zenkeri and Petaurus breviceps) [6], while others can regenerate their 

tissues (Spiny mouse: Acomys spp.) [9]. Moreover, the African crested rat (Lophiomys imhausi) carries 

poison on their hair to protect them from predators and possess the microbial digestion capabilities in 

their guts [10]. Generally, rodents are classified as herbivorous as they eat flowers, fruits, grain, leaves, 

roots, seeds, and stems. However, some rodents are known to be omnivorous (Gracilimus radix [11]), 

while others are carnivorous (Grasshopper mouse, Onychomys leucogaster [12]). Most of the rodents 

are restricted to their ecological territory, except some commensal rodents, such as Mus musculus, 

Rattus norvegicus, and Rattus rattus from the Muridae family, which are distributed globally in the 

similar ecologies, including residential, agricultural, and commercial areas [2,13].  

Rodents in the ecosystem 

The introduction of rodents in different ecosystems in the world usually happened either accidentally 

or purposefully. Rattus norvegicus and Rattus rattus are the two major invasive rodent species that 

originated from Asia and currently have global distribution. Rattus rattus was accidentally introduced 

to the Galapagos islands by pirates or whalers. The distribution of these commensal rodents has been 

influenced by human movement around the world [13]. As a member of the land habitat ecosystems, 

rodents serve several benefits, such as modification of the soil structure, soil aeration and hydration, 

energy and nutrition cycling, seed and spore dispersal, pollination, and source of feed for other animals 

(Figure 1) [14]. In some places, rodents are a source of meat (Thryonomys swinderianus and 

Hydrochoerus hydrochaeris) and fur (Myocastor coypus) for humans [15,16]. Despite their many 

benefits, 5-10% of the rodent population are known to act as pests and disease sources [14,17]. Rodents 

consume and damage our food, contaminate and spoil it with urine, feces, and fur [18]. Their gnawing 

and burrowing habit destroys property (clothes and valuable documents) and structure (floor and 

networking facilities), and sometimes cause accidents (damage to the electrical wire) [18]. Although it 

is not clearly estimated, the International Rice Research Institute states that rodents damage 1% of the 

world cereal crops every year. In the developing countries, the estimate is 3-5%, which can increase up 

to 60% in some countries, like Bangladesh [18,19]. In Asia, rodents destroy around 30 million tons of 

rice which can feed 180 million people for a year [20].  

Rodents as a source of zoonotic pathogens 

Rodents are significant sources of zoonoses transmission worldwide. These animals caused many 

epidemics in history, such as plague, leishmaniasis, and typhus [21-24]. In recent years, many rodent-

borne diseases are causing illness in humans and animals in different parts of the world, such as 

leishmaniasis and monkeypox [25-28]. Rodents move from sewage to kitchen, therefore can serve in 

disease transmission efficiently. There are at least 70 rodent-borne zoonotic diseases [29]. Rodents act 

either as carriers or reservoirs in transmission of these disease pathogens to humans through direct or 

indirect contact (Figure 2A) [30]. Rodent-borne zoonoses occur through three mechanisms of 
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biodiversity: spillover of pathogens from rodents to humans, spillback of pathogens from humans to 

rodents, and dilution of pathogens at the human-animal-environment interface [31]. Many factors are 

associated with rodent-borne pathogens transmission and to increase the disease prevalence, such as 

direct and indirect exposure between humans and animals, climatic events, and war and famine (Figure 

2B). 

 

Figure 1: Rodent ecosystem. Rodents help in soil hydration (A), mineral-nutrition cycle (B), soil aeration (C). 

Cats, dogs, foxes, snakes, and falcons eat rodents (D). Rodents eat seeds, grains, and insects (E). They also cause 

crop and property damage (F).  

  

Figure 2: (A) Transmission dynamics of rodent-borne zoonoses at the human-animal-environment interface 

through direct or indirect contact. The direct transmission includes contamination of human food and water with 

rodent excreta, rodent bite, and physical contact with rodents, whereas the indirect contact includes the 

transmission of a pathogen through ectoparasite vectors, livestock, and pets; (B) Some risk factors that can 

increase rodent-borne disease prevalence, such as people working in the agriculture facilities or with animals get 

more contact with rodents or rodent excreta  [32]; deforestation and climatic events (floods) result in rodent 

ecosystem damage  [33,34]; war and famine forces mass population movement and leads to live more people in 

small confined premises with poor socio-economic conditions (in the refugee camps) [35,36],. 

Qatar 

Qatar is a small country situated in the Arabian Peninsula (Figure 3) [37], which is characterized by hot 

summer (42.7–48.1°C) and warm winter (10.7 °C) with minimal annual rainfall (114.1 mm in 2015) 
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[10,12]. It is a cosmopolitan country with about 2.6 million population. The local citizens constitute 

only 11% of the population, and the rest 89% are migrants. The majority of the population are males 

(72%), adults (82%) [38,39], and originate from South Asia (India, Bangladesh, Nepal, Pakistan, and 

Sri Lanka) [38]. The economy of the country is exclusively based on fossil fuels (petroleum and natural 

gas). The economic boom by fossil fuels invited large number of people from the developing countries 

in Qatar. Due to the harsh climate and landscape, agriculture is minimal in this country. Hence it imports 

food products from different parts of the world [40,41]. There is chance of importation of rodent-borne 

pathogens from the developing countries through migrant workers and imported agricultural products. 

The country has only four points of entry and exit that include two seaports (Hamad port and Al Ruwais 

port), one land port (Abusamara port), and one airport (Hamad international airport), which can be 

considered as potential routes of entry of rodents and rodent-borne pathogens to the country. 

 

Figure 3: The location of Qatar in the Arabian Peninsula. 
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There are only four rodent species recorded in this country: J. jaculus, M. musculus, R. norvegicus, and 

R. rattus [42-45]. One previous study reported that approximately 70% of the livestock farms are 

infested with rodents in Qatar [43]. Rodents of Qatar were found to be infested with Hymenolepis 

diminuta and Xenopsylla astia [44,45]. Many zoonotic diseases, such as toxoplasmonis, hymenolepiasis, 

leishmaniasis, Q-fever, hepatitis E, and salmonellosis, were reported among humans, livestock, and pets 

in Qatar [46,47]. With the current surge of emerging and reemerging zoonoses, some of these have 

immense global impacts. The country gets increased risk of rodent-borne zoonoses transmission by 

international travel and tourism [48] and imported animal, food, and agricultural products [49-51]. As 

there were minimal studies done on rodent-borne pathogens in Qatar, there is a knowledge gap in such 

pathogens, their prevalence and risk factors of prevalence in this country. Proper infection prevention 

and control for infectious and zoonotic diseases cannot be taken if the etiology, source, risks, and 

dynamics of the pathogens are adequately known.  

Research objectives 

Based on the paucity of such knowledge, the current study was conducted to understand rodents and 

rodent-borne zoonotic pathogens in Qatar. The specific objectives were to identify the commensal 

rodent morphology and morphometry, determine the rodent-borne zoonotic pathogens, and assess their 

risk factors associated with the prevalence of these pathogens.  

To address the objectives, we assessed the following questions: (1) What are the rodent-borne zoonotic 

pathogens dispersed at the human-animal-environment interface in Qatar and the region? (2) What is 

the spatial distribution and characteristics of commensal rodents? (3) What are the burdens of rodent-

borne zoonotic pathogens among commensal rodents? and (4) Which are the drivers and risk factors of 

rodent-borne zoonoses in Qatar? 

The objectives and questions were addressed with the following tasks: 

1. To conduct systematic reviews on rodent-borne pathogens previously reported in Qatar and the 

region (Chapter 2.1, Chapter 2.2, and Chapter 2.3) 

2. To identify the characteristics of commensal rodents collected from different facilities (Chapter 3) 

3. To investigate the burden of rodent-borne pathogens with public health importance (Chapter 4.1, 

Chapter 4.2, and Chapter 4.3) 

4. To study the related drivers and risk factors for rodent and rodent-borne zoonoses in Qatar (Chapter 

6) 
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Chapter 2: Literature Review 

 

 

 

 

  

A background study is essential prior to any research. Therefore, before 

starting the field and laboratory work in the current study, we 

conducted three systematic reviews and meta-analysis on rodent-borne 

pathogens in Qatar and in the Middle Eastern region. These studies 

helped us to understand the prevailing rodent-borne zoonotic pathogens 

in this country and the region.  
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Chapter 2.1: Rodent Ectoparasite in the Middle East: A Systematic Review and Meta-

Analysis 

 

 

 

Islam, M.M.; Farag, E.; Eltom, K.; Hassan, M.M.; Bansal, D.; Schaffner, F.; Medlock, J.M.; Al-

Romaihi, H.; Mkhize-Kwitshana, Z. Rodent Ectoparasites in the Middle East: A Systematic Review 

and Meta-Analysis. Pathogens 2021, 10(2):139, doi:10.3390/pathogens10020139 

  

Rodent-borne ectoparasites include flea, louse, mite, and tick. These 

ectoparasites are important in two ways: some have the potential to 

infect humans and other animals, and some ectoparasites act as vectors 

or reservoirs of many zoonotic pathogens. To understand the overall 

situation of rodent ectoparasites in Qatar and the region, we reviewed 

the available data of rodent ectoparasites in the Middle East. This 

chapter compiles over 100 years published reports of rodent 

ectoparasites in the Middle Eastern countries. 
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Chapter 2.2: Helminth Parasites among Rodents in the Middle East Countries: A 

Systematic Review and Meta-Analysis 

 

 

 

Islam, M.M.; Farag, E.; Hassan, M.M.; Bansal, D.; Awaidy, S.A.; Abubakar, A.; Al-Romaihi, H.; 

Mkhize-Kwitshana, Z. Helminth Parasites among Rodents in the Middle East Countries: A Systematic 

Review and Meta-Analysis. Animals 2020, 10, 2342, doi:10.3390/ani10122342 

 

 

 

Rodents carry different parasites including cestodes, nematodes, and 

trematodes, some of which has zoonotic potential. The current study 

compiled all the published articles in the history of the Middle East that 

studied rodent-borne helminths. The study also identified the rodent-

borne zoonotic helminths in the region. 
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Chapter 2.3: Rodent-Related Zoonotic Pathogens at the Human–Animal–Environment 

Interface in Qatar: A Systematic Review and Meta-Analysis 

 

 

 

Islam, M.M.; Farag, E.; Mahmoudi, A.; Hassan, M.M.; Mostafavi, E.; Enan, K.A.; Al-Romaihi, H.; 

Atta, M.; El Hussein, A.R.M.; Mkhize-Kwitshana, Z. Rodent-Related Zoonotic Pathogens at the 

Human–Animal–Environment Interface in Qatar: A Systematic Review and Meta-Analysis. 

International Journal of Environmental Research and Public Health 2021, 18(11):5928. doi: 

10.3390/ijerph18115928   

One objective of the PhD research was to know the zoonotic pathogens 

carried by rodents in Qatar. It was essential to document the reported 

rodent-related zoonotic pathogens among humans, other animals, and 

environmental interface in this country. Therefore, the current study 

was undertaken to review and compile all reports of rodent-related 

zoonotic pathogens in the history of Qatar. 
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Chapter 3: Rodent Ecology and Morphology in Qatar 

 

 

 

Islam, M.M.; Farag, E.; Mahmoudi, A.; Hassan, M.M.; Atta, M.; Mostafavi, E.; Alnager, I.A.; Farrag, 

H.A.; Eljack, G.E.A.; Bansal, D.; Haroun, M.; Abdeen, R.; Al-Romaihi, H.; Al-Zeyara, A.A.; Almalki, 

S.A.; Mkhize-Kwitshana, Z. Morphometric Study of Mus musculus, Rattus norvegicus, and Rattus 

rattus in Qatar. Animals 2021, 11(8):2162. doi: 10.3390/ani11082162. 

  

Commensal rodents have a high potential of transmitting zoonotic 

pathogens to humans and other animals. While working with the 

rodent-borne zoonoses, it is a prior necessity to understand the rodents 

and their ecosystem and distribution in the study area. As there was no 

previous research about commensal rodent identification and 

distribution in Qatar, the current study was undertaken to identify 

morphological and morphometric characteristics, and distribution of 

the commensal rodents in this country.  
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Chapter 4: Diversity of Rodent-Borne Pathogens in Qatar 

 

 

 

  

Using standard laboratory techniques, we investigated rodent-borne 

pathogens diversity and identified different species of helminths, 

protozoa, and bacteria among commensal rodents in Qatar. Some of the 

pathogens that were detected in this study have zoonotic potential. We 

analyzed the prevalence of the pathogens among rodents, risk factors 

of their prevalence, and reported our findings as articles. To the best of 

our knowledge, this type of study is novel for Qatar.  
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Chapter 4.1: Detection of rodent-borne parasites in different ecosystem of Qatar: a 

possible risk for public health 

 

 

 

Islam, M.M.; Farag, E.; Hassan, M.M.; Enan, K.A.; Ali, M.; Aldiqs, A.K.; Alhussain, H.; Al-Romaihi, 

H., et al. Detection of rodent-borne parasites in Qatar: a potential risk for public health. Ecohealth, 

Under review 

  

Rodents carry several ectoparasites, cestodes, nematodes, trematodes, 

and protozoa that are of public health importance. The current study 

aimed to explore the rodent-borne parasites, zoonotic potentiality, and 

their related risk factors in Qatar.  
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Chapter 4.2: Diversity of Bacterial Pathogens and Antimicrobial Resistance Profile 

among Commensal Rodents in Qatar 

 

 

 

Islam, M.M.; Farag, E.; Hassan, M.M.; Enan, K.A.; KV, M.S.; Alhaddad, M.; Smatti, M.K.; Al-Marri, 

A.M.; Al-Zeyara, A.A.; Al-Romaihi, H., et al. Diversity of bacterial pathogens and antimicrobial 

resistance profile among commensal rodents in Qatar. Veterinary Reserach Communications. 2022 

Jun;46(2):487-498. doi: 10.1007/s11259-021-09876-2. Epub 2022 Jan 27. PMID: 35083655. 

  

Antimicrobial resistance is the current threat for humans and animals. 

We identified diversity of rodent-borne bacterial pathogens and their 

antimicrobial resistance status in our current study.  
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Chapter 4.3: Rodent-borne viruses in commensal rodents of Qatar 

 

 

 

  

Besides ectoparasites, helminths, protozoa, and bacteria, rodents carry 

several viruses with zoonotic importance. We tested our rodent samples 

by using standard laboratory techniques for detection of hantavirus and 

Rift Valley fever virus. None of our samples were positive for those 

viruses. We reported our findings in the statement below. 
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Rodent-borne viruses in commensal rodents of Qatar 

Abstract 

Rodents are known to be potential sources for over 60 zoonotic viruses. Commensal rodents have a 
higher importance in transmitting zoonotic viruses as they live close to humans. Several rodent-borne 
viral diseases, including Rabies, Chikungunya, and Hepatitis E virus, have been reported at the human-
animal interface in Qatar. There are reports of Hantavirus (HV), Rift Valley Fever virus (RVFV) in 
some other countries of the Arabian Peninsula. The current study investigated HV and RVFV in rodents 
of Qatar. The study tested 108 rodents tissue samples using the RT-PCR method to check nucleic acids 
of HV and RVFV. However, all the samples were negative by RT-PCR. A further longitudinal study is 
required to investigate the diversity of rodent-borne zoonotic viruses at the human-animal interface in 
Qatar.  

Keywords: Mus musculus, Rattus norvegicus, Mus musculus, Rift Valley fever virus, Hantavirus, Qatar 

Introduction  

Spillover of zoonotic pathogens from animals to humans in the last decades indicates that every animal 
in close proximity to humans should be investigated for zoonotic pathogens [1]. Rodents are the largest 
mammalian order in the terrestrial ecosystem [2, 3]. Although these animals have several benefits in 
the landscape ecosystem, including soil aeration and hydration, they are known as potential sources of 
resource damage and zoonotic pathogens. Commensal rodents have a higher importance in transmitting 
zoonotic viruses as they live close to humans. Bats are known as the   highest per species zoonotic virus 
carrier. However, rodents are potential sources for around 68 zoonotic viruses [4].  

Qatar is a small country in the Arabian Peninsula, where the risk of zoonotic viruses increased due to 
climate change, rapid urbanization, higher population growth, and desert ecosystem damage in the 
recent years [5, 6]. Several rodent-borne viral diseases have been reported among the humans and 
animals in the country, including Rabies, Chikungunya, and Hepatitis E, which were mainly considered 
as imported diseases [7-11]. Many rodent-borne viruses have been reported in the neighboring countries 
of Qatar. For example, hantavirus (HV) specific antibodies were reported among humans and rodents 
in Kuwait [12]. Crimean-Congo hemorrhagic fever (CCHF) was detected among humans in Oman [13]. 
Hepatitis E virus, rabies virus, CCHF virus, and hantaan virus were detected in humans and rodents in 
Iran [14]. West Nile fever virus was reported among humans and animals in Saudi Arabia and Yemen 
[15, 16]. Yemen and Saudi Arabia experienced outbreaks of Rift Valley fever virus (RVFV). Rift Valley 
fever (RVF) is one of the most important viral diseases in Africa [17]. Qatar imports livestock animals 
from the countries of the Arabian Peninsula and Africa, such as Saudi Arabia, Kuwait, Oman, Sudan, 
and Somalia. There is a chance of importing RVFV and HV to Qatar while importing livestock animals. 
Recent studies showed several rodent-borne parasitic and bacterial pathogens in Qatar [18, 19]. 
However, no virological investigation has ever been done in rodents of the country. Therefore, the 
current study was undertaken to explore the rodent-borne zoonotic viruses, specifically HV and RVFV 
among commensal rodents of Qatar. 

Methods 

Ethical approval 

Ethical permission was obtained to conduct the research from the Institutional Animal Care and use 
Committee of the Ministry of Municipality and Environment, Qatar (IACUC-A-MME-4, Date: 10 
February 2019). 

Rodent trapping 

A cross-sectional study was conducted from November 2019 to February 2020 in Qatar, which was 
detailed previously [20]. The study trapped rodents from different municipalities of the country. Six 
types of locations were considered for the rodent trapping, viz. livestock farms, agricultural farms, 
bachelor accommodations, family accommodations, commercial areas, and industrial areas. After 
trapping, the rodents were transferred to the rodent research laboratory in the Central Veterinary 
Laboratory of the Department of Animal Resources, Qatar, which is equipped to work with rodents 
possibly carrying zoonotic pathogens. 

Virological sample collection 
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Following anesthesia by inhalation of 5% isoflurane for 3-5 minutes in a desiccator, the rodents were 
used to identify species, sex, and age. Then whole blood was collected from each rodent by cardiac 
venipuncture using a 5 ml vacutainer EDTA tube. Afterward, the rodents were returned to the desiccator 
for euthanasia and necropsied to collect visceral samples viz. diaphragm, intestine, kidney, liver, lung, 
and spleen. Each of the visceral sample was collected in a 2 ml cryotube and stored at -80°C for further 
study.  

Molecular assessment 

The visceral samples were transferred to the biosafety level 3 laboratory in the Biomedical Research 
Complex of Qatar University. The visceral samples of each rodent were grouped in a single tissue pool 
and homogenized using ceramic beads in a speed mill. Viral RNA was extracted from homogenized 
materials of rodent tissue using commercial kits (QIAGEN GmbH, Germany), following the 
manufacturer’s protocol. Real-time RT–PCR was carried out to detect the nucleotides of RVFV using 
QuantStudio7 Pro Real-time PCR system (Thermofisher, USA). A nested PCR was used to detect RNA 
of HV using SimpliAmp Thermal cycler and GDS-200C gel documentation system. The PCR reaction 
conditions and primer/probe used have been shown in Table 1. The PCR protocols were previously 
developed in the Virology Unit of the Central Veterinary Laboratory of the Department of Animal 
Resources, Qatar. We used the positive control RNA of HV and RVFV collected from the Central 
Laboratory of the Ministry of Higher Education and Scientific Research, Sudan. Distilled water was 
used as the negative control. 

Table 1 Primers, probes, and annealing temperature for detecting hantavirus and Rift Valley fever virus 

used in rodent samples of the current study 

Pathogen 
Primer 

name 
Primers 

Annealing 

temperature 
Reference 

Hantavirus 

HAN-L-F1 5′- ATGTAYGTBAGTGCWGATGC -3′ 94°C for 2 minutes, 45 

cycles of 94°C for 15 

seconds, 60°C for 30 

seconds 

[21, 22] 
HAN-L-R1 5′- AACCADTCWGTYCCRTCATC -3′ 

HAN-L-F2 5´-TGCWGATGCHACIAARTGGTC-3´ 

HAN-L-R2 5´-GCRTCRTCWGARTGRTGDGCAA-3´ 

Rift Valley 

Fever virus 

RVFV-S-F 5′- TGATGGTCCTCCCAGGATAC -3′ 45°C for 10 minutes, 

95°C for 10 minutes, 

40 cycles of 95°C for 

10 seconds, and 60°C 

for 1 minute. 

[23] 

RVFV-S-R 5′- ACTAGGACGATGGTGCATGA -3′ 

RVFV- 

probe 

5′- FAM-AAAGCTTTGATATCTCTCA 

GTGCCCCAA-BHQ1-3′ 

Statistical analysis 

Descriptive statistics of the trapped rodents were conducted using STATA/IC-13 (Stata Corp, 4905 

Lakeway Drive, College Station, Texas 77845, USA), and the results were expressed as percentage (%) 

and 95% Confidence intervals (CI). 

Results 

The current study used 108 rodents, belonging to three species; Mus musculus (n=4), Rattus norvegicus 

(n=86), and Rattus rattus (n=8). Descriptive statistics of the rodents have been presented in table 2. The 

majority of the rodents were trapped from the livestock farms (55.6%), followed by agricultural areas 

(26%) and other areas (14%). The rodents were mainly from the Rayyan municipality (48%), followed 

by Alkhore (16%) and other municipalities (37%). In addition, all the Mus musculus and Rattus rattus 

were captured from the Rayyan municipality. The rodents mainly were adult (92%) and males (54%). 

A total of 46.3% of the rodents were females, of which 30% were pregnant.  

The study aimed to detect the HV and RVFV in the visceral organs of the rodents using the RT-PCR 

method. All the tested samples were negative for HV and RVFV. 
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Table 2 Demographic characteristics of the rodents used for virological investigation in the current 

study 

Characters  n (% of total capture, 95% CI) 

Trapping location (N=108) 

Agriculture Farm 26 (24.1, 16.4-33.3) 

Bachelor residence 12 (11.1, 5.9-18.6) 

Commercial area 6 (5.6, 2.1-11.7) 

Family residence 3 (2.8, 0.6-7.9) 

Industrial area 1 (0.9, 0.1-5.1) 

Livestock farms 60 (55.6, 45.7-65.2) 

Municipalities (N=108) 

Al Khore 17 (15.7, 9.5-24.1) 

Daayan 1 (0.9, 0.1-5.1) 

Doha 10 (9.3,4.5-16.4) 

Rayyan 52 (48.1, 38.5-56.9) 

Shamal 7 (6.5, 2.7-12.9) 

Um Salal 8 (7.4, 3.3-14.1) 

Wakrah 13 (12.1, 6.6-19.7) 

Species (N=108) 

Mus musculus 4 (3.7, 1.1-9.2) 

Rattus norvegicus 86 (79.6, 70.8-86.8) 

Rattus rattus 18 (16.7, 10.2-25.1) 

Sex (N=108) 

Female 50 (46.3, 36.7-56.2) 

Male 58 (53.7, 43.9-63.4) 

Pregnancy (N=50) 

Pregnant 15 (30.0, 17.9-44.6) 

Non-pregnant 35 (70.0, 55.4-82.2) 

Age (N=108) 

Adult 99 (91.7, 84.8-96.2) 

Young 9 (8.4, 3.9-15.3) 

Discussion 

Due to the global importance of emerging and reemerging viral diseases, it is immensely important to 

investigate the zoonotic viruses, their sources, prevalence, and transmission dynamics. RVF is a disease 

of domestic animals and humans, transmitted by mosquitoes, characterized by fever, headache and 

muscle pains, hemorrhagic fever, and meningoencephalitis. RVF was first discovered in 1934 in Kenya 

[24]. Rodents are considered as a reservoir host for maintenance of the virus [25]. HV causes pulmonary 

syndrome and hemorrhagic fever with renal syndrome in humans [26]. Rodents are considered as the 

major reservoirs of HV. Out of 80 known hantavirus reservoirs in nature, 51 are rodent species. Mus 

musculus and Rattus spp. have been identified to carry hantavirus [27, 28]. There is a chance of 

migrating these viruses through human travelers, livestock and agricultural trades from the partner and 

neighbor countries in Asia and Africa to Qatar. However, our study shows that the sampled commensal 

rodents of Qatar did not carry HV and RVFV. There may no such zoonotic viral existence among the 

commensal rodents in Qatar or the pathogens were not detected due to several limitations in the current 

study, such as small sample size, short period of study, and investigation of only two zoonotic viruses. 

A further longitudinal study is required with more samples using serology and molecular methods to 

investigate the zoonotic viral diversity among rodents in Qatar.  

Conclusion and recommendation 

The current study tested the presence of HV and RVFV among commensal rodents in Qatar and found 

that the commensal rodents trapped in this study were not important for these two zoonotic viruses. 

Further study is necessary by serologic and molecular methods to investigate the rodents role in zoonotic 

virus diversity in this country.  
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Chapter 5: Mandibular Tumor in Rattus norvegicus from Qatar: A Case Report 

 

  

Tumors in wild animals are rarely reported. While working with the 

rodents in the current study, we detected a mandible of a Rattus 

norvegicus with abnormal growth. Primarily we diagnosed the case as 

ameloblastoma. A short report of the case has been presented here. 
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Abstract 

An adult male rat, Rattus norvegicus, was captured from a livestock farm of the Rayan area in Qatar as 

a part of the survey of rodent-borne zoonotic pathogens. The rat had swelling on the right side of its 

mouth. We conducted a morphologic and morphometric study of the rodent, complete blood count, 

plasma biochemistry to understand its physical status. The rodent was also subjected to fecal and blood 

film parasitic examination, gram-negative gut bacterial isolation and identification, ELISA, and PCR 

to detect zoonotic pathogens. However, the rodent had neutrophilia and regenerative macrocytic 

normochromic anemia. It was positive for Cesticercus fascioliaris and Hemenolepis diminuta. 

Escherichia coli and Salmonella enterica spp. diarizonae were isolated from its intestine. The rat was 

negative for the antibodies against Coxiella burnetii, Chlamydophila abortus, Brucella spp., 

Toxoplasma gondii, Leishmania spp., and West Nile Virus by ELISA. The rat was negative for the 

DNA of Coxiella burnetii, Rickettsia spp., Leptospira spp., Yersinia pestis, Leishmania spp., and 

Toxoplasma gondii by PCR method. Moreover, the rodent was negative for RNA of Rift Valley fever 

virus and Hantavirus by RT-PCR. In addition, we conducted histopathology of the rat thyroid, 

prescapular, and the inter-jugular lymph nodes, lung, liver, kidney, and intestine. Only hemosiderin 

pigment at the prescapular lymph node was identified. While processing the skull as a part of the 

morphometric study, we found a swelling mass on the right mandible. There was extensive development 

throughout the body and ramus of the mandible. The length of the right abnormal mandible was longer 

than the same of the left healthy mandible (29.43 mm vs. 28.09 mm). The length, width, and height of 

the mass of the right mandible were 26.92, 21.5, and 19.67 mm, respectively. All the incisors except 

the lower right one were longer than the standard size. We diagnosed the case as solid ameloblastoma. 

Based on a systematic search on PubMed, Scopus, Science Direct, and Web of Science, the current case 

is considered a unique case of mandibular ameloblastoma in wild rodents.  

Keywords: ameloblastoma, mandible, Rattus norvegicus, wild rodent 

Introduction 

Odontogenic tumors are the tumors of the oral and maxillofacial area, which can be benign or malignant. 

Ameloblastoma is a type of odontogenic tumor, defined as “A benign but locally invasive polymorphic 

neoplasm consisting of proliferating odontogenic epithelium, which usually has a follicular or plexiform 

pattern, lying in a fibrous stroma” [1]. This type of tumor is rare in both humans and animals [1-3]. 

Overall, 1% of human oral tumors are ameloblastoma, whereas it is the second most prevalent (9-11%) 

among human odontogenic tumors [4, 5]. Previous reports diagnosed ameloblastoma in buffalo [6], cat 
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[7], cattle [8], dog [9], fish [10], horse [11], mouse [3], sheep [12], and snake [13]. Among rodents, 

ameloblastoma was found in amargosa vole (Microtus californicus), domestic brown rat (Rattus 

norvegicus), and Syrian hamster (Mesocricetus auratus) [14], and Wistar rat [15]. Like human cases 

[1], animals also get the tumor mostly at the mandible [14z].  

Ameloblastoma is classified into four types: conventional/solid/multicystic, Extraosseous/peripheral, 

desmoplastic, and unicystic [1, 5]. Ameloblasts arise from odontogenic epithelial or mesenchymal, 

especially from the rests of the dental lamina, surface epithelium, or the radius of the dental lamina. 

Sometimes ameloblast can arise due to neoplastic change. The cause is described as alteration or 

mutation in the genetic material of the cells that are embryogenically programmed for the tooth, such 

as odontogenic epithelium, including bone membrane protein, fibroblast growth factors, sonic 

hedgehogs, and wingless [16]. Arenavirus may be a potential causal agent of odontogenic tumors [17]. 

Different treatment methods, including enucleation, curettage, and enblock resection, were described 

in humans [4, 18], but no ameloblastoma treatment cases were reported among veterinary species. We 

presented a case of ameloblastoma in the right mandible raised from the ramus of the mandible of wild 

rodents. The tumor and pathobiology of the rodent have been illustrated here. 

The Case description 

The research team of the case was working with the rodents of Qatar to find rodent-borne zoonotic 

pathogens. While trapping, a brown rat was captured on 29 January 2020 from a livestock farm located 

in the Al Rayan area.  

As a routine research process, we anesthetized the rodent with 5% isoflurane and conducted a 

morphologic examination. We collected its blood through cardiac venipuncture using a 5ml vacutainer 

EDTA tube and conducted a complete blood count (CBC) (ABX Micros ESV 60, SL#207EVOH04392) 

and plasma biochemistry (UniCel DxC 600, Backman Coulter, SL#962). Then the rodent was examined 

for ectoparasites, such as flea, louse, mite, and tick. We euthanized the rodent, necropsied it, examined 

its visceral organs for gross abnormality, and collected the skull and visceral organs, viz lung, liver, 

diaphragm, kidney, spleen, and intestine for further study. The rodent feces and blood were used to 

conduct parasitologic examination by direct microscopy. The intestinal content was subjected to detect 

Gram-negative gut bacterial isolation and identification (VITEK®2, Version 07.01 compact system, 

SL#14EFDOFF, using the kit: VITEK® 2 GN Ref#21341). We conducted histopathology of the rodent 

thyroid, prescapular, and inter-jugular lymph nodes, lung, liver, kidney, and intestine. The blood plasma 

was examined by ELISA for detection of antibodies against some zoonotic pathogens, such as Coxiella 

burnetii (Ref: FQS-MS-2P, IDvet, France), Toxoplasma gondii (Ref: TOXOS-MS-2P, IDvet, France), 

West Nile virus (Ref: WNC-2P, IDvet, France), Chlamydophila abortus (Ref: CHLMS-MS-2P, IDvet, 

France), Brucella spp. (Ref: BRUS-MS-5P, IDvet, France), and Leishmania spp. (Ref: IB0510, IBL, 

Minneapolis). We tested the rodent visceral organs by PCR method to detect DNA of Coxiella burnetii, 

Rickettsia spp., Leptospira spp., Yersinia pestis, Leishmania spp., and Toxoplasma gondii. The rodent 

visceral organs were also tested to detect RNA of Rift Valley fever virus and Hantavirus by RT-PCR 

method. 

The subject case was an adult male Rattus norvegicus weighing 440gm and a total length of 47cm. The 

rodent had a swelling on the right side of its mouth (Figure 1). As a part of the morphometric study 

[18], the rodent head was subjected to prepare skull skeleton by hot water treatment [19]. While 

processing the skull of the rodent, we identified a swelling mass on its right mandible (Figure 2). There 

was extensive development of the right mandible throughout the body and ramus. The abnormal 

expansion was more at the lateral posterior side. The three processes of the mandible, such as the 

coronoid process, condyloid process, and angular process, as well as the alveolar part of the molar teeth, 

were free from that growth. The length (base of incisor to condyloid process) of the right abnormal 

mandible became slightly longer than the left healthy mandible (29.43 mm vs. 28.09 mm). The length, 

width, and height of the mass of the right mandible were 26.92, 21.5, and 19.67 mm, respectively. The 

right and left lower incisors were 8.56 mm and 11.57 mm, respectively. The left lower incisor was 

broader than the right lower one. Except for the upper incisors, the cranium did not have any 

abnormality. The right and left upper incisors were 12.9 mm and 11.56 mm long, respectively. Both the 

upper and lower incisors were blunt, not sharp as typical rodent incisors.  
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Figure 1: The ventral and right lateral view of the rodent. The rodent had swelling on the right side of its head. 

 

 

Figure 2: The four-sided (ventral [a], dorsal [b], right lateral [c], and left lateral [d]) view of the mandible suffering 

from ameloblastoma. There was soap-foamy development at the right mandible.  

The detailed result of CBC and plasma biochemistry have been presented in Table 1. There was 

lymphocytosis, more appropriately neutrophilia. The blood film examination showed that there were 

reticulocytes (5%) and anisocytosis (>90%). We confirmed that the rodent had regenerative macrocytic 

normochromic anemia. There were hypoproteinemia, hypoglycemia, and abnormality on some of the 

enzymes and metabolites. 
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Table 1 The complete blood count and plasma chemistry of the case 
 

 Parameters Results 
Reference 

range  
 Parameters Results 

Reference 

range  

Hematology 

White blood cell, WBC 

(×103/µl) 
22.3 7.3-12.7 Red blood cell, RBC (106/µl) 5.795 6.6-9.0 

Lymphocyte (%) 33.6 13-15 Hemoglobin, Hbg (g/dl) 12.6 13.2-16.4 

Monocyte (%) 3.9 3-5 Hematocrit, Hct (%) 39 41.1-51.1 

Neutrophil (%) 62.5 79-81 
Mean corpuscular volume, 

MCV (µm3) 
72.15 52.6-65.4 

Eosinophil (%) 4.2 1-2 
Mean corpuscular hemoglobin, 

MCH (pg) 
23.25 16.5-21.3 

Lymphocyte (103/µl) 7.5 5.1-9.1 
mean corpuscular hemoglobin 

concentration, MCHC (g/dl) 
32.31 30.2-34.6 

Monocyte (103/µl) 0.8 0.1-0.4 
Red cell distribution width, 

RDW (%) 
20.6 28.0-38.2 

Neutrophil (103/µl) 14.1 1.3-3.7 Platelet, Plt (×103/µl) 1.03 0.8-1.2 

Basophil (103/µl) 0 0-0.1 
Mean platelet volume, MPV 

(µm) 
7.7 5.7-9.0 

Eosinophil (103/µl) 0.94 0.1-0.3 Reticulocyte, RT (%) 5 0-4.6 

Plasma biochemistry 

Albumin, Alb (g/dL) 2 4.1-5.4 
High density lipoprotein, HDL 

(mg/dL) 
11.3 19.1-57.1 

Alanine aminotransferase, 

ALT (IU/L) 
16 26-37 Iran, Fe (mg/dL) 2.5 7.2-7.7 

Aspartate 

Aminotransferase, AST 

(IU/L) 

414 40-53 
Gamma-Glutamyl Transferase, 

GGT (IU/L) 
4 2.5-3.9 

Cholesterol, Chol 

(mg/dL) 
27 36-100 

Lactate dehydrogenase, LDH 

(IU/L) 
2650 63-573 

Creatinine, Cr (mg/dL) 0.94 0.5-1.5 Phosphorus, P 10.5 5.3-7.5 

Creatinine kinase, CK 

(IU/L) 
3339 6-309 Total bilirubin, TB (mg/dL) 0.3 0.1-0.6 

Glucose, Glu (mg/dL) 2 114-143 Urea, U (mg/dL) 59.5 54.1-71.7 

References: [20-25] 

At necropsy, we found two cysts of Cesticercus fascioliaris (the cystic form of Taenia taeniaeformis) 

on the liver. There were no visible pathological lesions on the other visceral organs. We found eggs of 

Hemenolepis diminuta in feces. We also isolated Escherichia coli and Salmonella enterica ssp. 

diarizonae from the intestine. The histopathology showed normal histology of the organs except for 

hemosiderin pigments in the prescapular lymph node and mild congestion in the liver. Furthermore, the 

rodent was negative for the antibodies against Coxiella burnetii, Chlamydophila abortus, Brucella spp., 

Toxoplasma gondi, Leishmania spp., and West Nile Virus. The PCR method did not identify the DNA 

of Coxiella burnetii, Rickettsia spp., Leptospira spp., Yersinia pestis, Leishmania spp., and Toxoplasma 

gondii by PCR method. The rat also was negative for RNA of Rift Valley fever virus and hantavirus by 

RT-PCR. Finally, we diagnosed the mandibular mass as ameloblastoma.  

Discussion 

We conducted a systematic search on PubMed, Scopus, Science Direct, and Web of Science to check 

reports on rodent ameloblastoma. The search detected three articles [14, 15, 26] that reported 

ameloblastoma in three laboratory rodents (one Sprague-Dawley rat, one Fischer rat, and one female 

Wistar rat), one domestic brown rat (Rattus norvegicus), one Syrian hamster (Mesocricetus auratus) 

from a hamster breeding farm, and one client owned Amargosa vole (Microtus californicus). As per our 

knowledge, the current report is the first report of ameloblastoma among wild rodents. We favor the 
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current diagnosis as ameloblastoma, a benign bone tumor of the mandible. There are reports of 

malignant ameloblastoma in humans, which usually metastases to the lung, although, it is rare [27, 28]. 

The CBC, plasma biochemistry, and histopathologic figure of different organs did not show any 

indication to consider the case as a malignant tumor.  

Rodent enamel grows throughout its life. The upper and lower teeth grind down on one another, which 

helps the rodent to maintain a regular teeth length.  The lower incisors are generally longer than the 

upper ones [29]. The asymmetric size of two mandibles and the giant ameloblastoma caused loss of 

occlusion and the inability of the incisors to grind each other. As a result, the incisors increased in length 

and lost their sharpness. Therefore, upper incisors became longer than the lower ones. The tumor may 

be behind the reduction of growth of the right lower incisor; as a result, it was shorter and narrower 

than the left lower one.  

There is a relation between ameloblastoma with anemia and decreased albumin. In extensive 

ameloblastoma, protein (mainly albumin) leaks to the oral cavity through the tumor mass [30]. Giant 

ameloblastoma, asymmetric mandibles, loss of occlusion, and blunt incisors can result in malnutrition 

[5], thereby producing anemia. Moreover, the rodent was coinfected with T. taeniaeformis and H. 

diminuta. There is no previous report of C. fasciolaris in rodents of Qatar, but the parasitic form of the 

cestode T. taeniaeformis is common among stray cats in the country [31]. C. fasciolaris causes damages 

to hepatic cells near the parasitic cyst [32], which may result in hepatic congestion. T. taeniaeformis 

infected rodent shows reduced ALT and Urea and increased GGT [25]. Similarly, our current case had 

low ALT and urea, along with high (upper level) GGT. Rodents infected with H. diminuta can have a 

liver function and hematological disorder. Anemia, leucocytosis, eosinophilia, and neutrophilia has also 

been described with cysticercosis and hymenolopeasis [33-35]. Ameloblastoma is associated with 

extensive tissue destruction and deformity [16]. It may be the cause of the higher CK of the rodent [20]. 

LDH can be increased if an animal has bony or muscular disorder [20]. The animal was hypoglycemic 

and maybe diabetic too. Diabetes can lead to hypoglycemia as well as a lowering of HDL [36]. 

Conclusion and way forward 

Ameloblastoma is a rare tumor for both human & veterinary species. Its detail is that veterinary practice 

is not well known yet due to rarity & lack of economic interest. We described this incidentally found 

case in the rat at skull processing. Antemortem analysis of this condition in veterinary species is required 

for further evaluation & management planning.   

The sample was not subject to routine histological examination because the tumorous mandible was 

incidentally identified, and the mandibular skeleton was already prepared. ‘Dry bone histology’ by 

epoxy embedding method is a suggested technique of dry bone histology. This method of dry bone 

histology is rarely used in routine histology laboratories [37, 38]. The Fgfr2 gene can be behind this 

type of bony development. We got the primer to detect the gene Fgfr2: F: 5'-

CACGACCAAGAAGCCAGACT-3', R: 5'-CTCGGCCGAAACTGTTACCT-3' and extracted DNA 

from the tumorous mandible to identify the mutant gene [39]. It is noteworthy that this incidental finding 

was not a part of the thesis objectives. Nonetheless, we are adopting the dry bone histology and PCR 

methods to confirm the mandibular tumor diagnosis for scientific interest. 
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Rodents act as vectors of several zoonotic pathogens, although there is a knowledge gap on such 

zoonoses in many countries of the Middle East, including Qatar (Chapter 2.1 and Chapter 2.2) [1,2]. 

The current study is the first in-depth study on commensal rodents and rodent-borne pathogens in Qatar. 

Our study listed 88 rodent-borne zoonotic diseases, which pathogens can be transmitted by rodents to 

humans globally (Chapter 2.3). Recent histories of zoonotic spillover of pathogens from animals to 

humans suggest that zoonoses through rodents is not a neglected issue. The rodent can be a source of 

future epidemics in Qatar, as the region has several histories of rodent-borne zoonotic disease epidemics 

[3-7], and Qatar has interconnections with several countries, which are endemic with rodent-borne 

zoonotic diseases, from which pathogens can be imported. Therefore, intervention on rodent-borne 

zoonoses needs to be emphasized. liaison 

Rodents as a source of zoonotic pathogens 

Our review identified 85 species of rodents in the Middle Eastern region, of which three commensal 

species (Mus musculus, Rattus norvegicus, and Rattus rattus) are widely distributed in this region 

(Chapter 2.1 and Chapter 2.2) [1,2], including Qatar [8-11]. The current study (Chapter 3) is the first to 

describe the rodent morphometric pattern of these three commensal rodents in Qatar and the Arabian 

Peninsula [12]. We found that these rodents are relatively smaller than the same species in Iran, Turkey, 

and Tunisia, which supports Bergmann’s rule of ecology that animals of the colder environment are 

bigger in body size than the same animals of warmer environments (Chapter 3) [12]. It had been 

recorded that the average annual temperature of Qatar, Iran, Tunisia, and Turkey is 28.02°C, 17.99°C, 

20.38°C, and 11.69°C, respectively [13]. R. norvegicus was found to be most prevalent, followed by R. 

rattus and M. musculus in Qatar. These commensal rodents have public health significance as they carry 

several pathogens that can transmit to humans and other animals through contact with rodent stool, 

urine, and skin/fur and through ectoparasites and other animals.  

The systematic review [1] (Chapter 2.1) identified at least 104 species of fleas, followed by 134, 27, 

and 28 species of mites, ticks, and lice, respectively prevailing on rodents in the Middle East. Xenopsylla 

astia and Xenopsylla cheopis are two widely distributed rodent ectoparasites, which also have been 

reported previously in Qatar [10,14]. The most common rodent ectoparasite found in the present study 

was X. astia (Chapter 4.1), a finding supported by previous studies in Qatar [9,10]. Interestingly, 

Ornithonyssus bacoti was identified for the first time in Qatar in this study (Chapter 4.1) [12], which 

was previously reported in rodents of Egypt, Iran, Kuwait, Saudi Arabia, and Turkey [1]. In addition, a 

review (Chapter 2.2) was aimed to provide a baseline data on rodent-borne helminths to recognize the 

threats to public health in Qatar and in the region [15]. Hymenolepis diminuta was the most prevalent 

helminth (Chapter 4.1), and this is in accordance with the previous studies [9,10], where H. diminuta is 

highly prevalent in rodents and positively correlated with the prevalence of Xenopsylla astia. 

Cysticercus fasciolaris is the intermediate form of Taenia taeniaeformis, where cat is the primary host 

and a rat is an intermediate host. Our study found that 23% of R. norvegicus are carrying cysticerci of 

T. taeniaeformis in their liver. Presence of both intermediate and mature forms of this cestode [16] 

suggests that T. taeniaeformis is prevalent at the cat-rodent interface in Qatar. In addition, (Chapter 2.3) 

there are previous reports of Echinococcus granulosus, Hymenolepis nana, Trichuris trichiura, 

Schistosoma mansoni, non-specific Taenia reported in humans [17-19], and non-specific Taenia and 

Toxascaris leonine in cats [20] in this country. Three species of Giardia have been reported in rodents 

in the Middle Eastern countries; Giardia lamblia, Giardia muris, and Giardia microti [21-23], of which, 

only G. lamblia has zoonotic importance [24-26]. G. lamblia was found in rodents of Egypt [21] and 

Palestine [22], where G. muris was reported from rodents of Iran [23]. There are human and ruminant 

reports of Giardiasis in Qatar [27-30]. Toxoplasma gondii has importance for human and livestock 

abortion and is highly prevalent in humans and cats. Presence of antibodies (Chapter 4.1) of T. gondii 

in Qatari rodents indicates that this protozoon is disseminated at the Qatari ecosystem. Additionally, 

Leishmania spp. has also been reported in dogs and cats [31], and in fleas in the current study, which 

emphasize that this pathogen should not be neglected in Qatar, like in the other tropical countries 

[32,33].  Rodents could mediate in transmission of these pathogens at the human-animal-environment 

interface, which increases the public health risk of getting an infection by such pathogens in this 

country. 
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In the current study (Chapter 4.2), several bacterial spp. viz. Acinetobacter baumannii, Aeromonas 

salmonicida, Citrobacter freundii, Citrobacter koseri, Enterobacter aerogenes, Enterobacter cloacae, 

Escherichia coli, Salmonella enterica, Hafnia alvei, Klebsiella pneumoniae, Proteus mirabilis, 

Providencia stuartii, and Pseudomonas aeruginosa were detected in rodent intestines. These pathogens 

are commensal in mammalian intestines and in the environment and cause opportunistic infections in 

humans and other animals. Most of them were identified in our study for the first time among rodents 

in Qatar. Some of these bacteria are multi-drug-resistant (Chapter 4.2). Likewise, this study also 

detected Rickettsia spp. in rodent fleas and mites, which could be a public health risk in Qatar. Our 

review (Chapter 2.3) showed campylobacteriosis, corynobacteriosis/non-diphtheritic corynebacterium, 

listeriosis, Q-fever, and non-plague yersiniosis in humans. As rodents have access from kitchen to 

sewage and agricultural facility to human residence, rodents can mediate transmission of these disease 

pathogens at the human-animal-environment interface in Qatar (chapter 2.3) [15].  

Based on life history and ecological factors, rodents are listed as top zoonotic virus carriers. In general, 

a total of 61 species of zoonotic viruses were identified in bats, where it was 68 species of viruses in 

case of rodents [34]. Several rodent-borne viral diseases (Chapter 2.3), such as chikungunya, hepatitis 

E, and rabies have been reported among humans and animals in Qatar [35-37]. Hantavirus-specific 

antibodies were reported in both rodents and humans in Kuwait [38]. Crimean-Congo hemorrhagic 

fever was detected in Oman [39], and West Nile fever was detected in Saudi Arabia and Yemen [40,41]. 

In this study (Chapter 4.3), Rift valley fever and hantavirus were not detected in rodent samples. 

However, a further large cohort study is required to investigate the rodent-borne viruses in Qatar.  

Risk factors for rodent-borne zoonoses 

Rodent abundance is an important factor for related pathogen availability [9,42-44]. The rodent 

population is variable in urban and semi-arid regions [45], and in the current study (Chapter 3), we 

found that the commensal rodents are mostly distributed in the livestock farms, followed by agricultural 

farms, residential areas, industrial areas, and commercial areas in Qatar. The current study showed that 

certain rodent-borne pathogens, such as Giardia spp., H. diminuta, and X. astia prevalence varied with 

rodent host, age, and trapping location. Hitherto, several studies have been performed to understand the 

rodent factors in relation to rodent-borne pathogens. Some studies reported that the prevalence of 

pathogens is dependent on rodent host (species, age, sex, body size), season, and location of trapping, 

whereas some others showed that such factors are not necessarily important [9,46-59]. Therefore, the 

prevalence of rodent-borne pathogen is a complex phenomenon and consequence of a combination of 

many factors together, mainly rodent population, availability of reservoir, vectors and intermediate, 

facilities in the trapping location (cleanliness, use of rodenticide, insecticide, and management), and 

changes of climate (temperature, humidity, and rainfall).  

Possible drivers of rodent-borne zoonoses in Qatar 

There have been massive changes over the past 70 years in Qatar, such as economics, population, 

landscape, agriculture, and urbanization. Based on these changes, some drivers could be considered as 

mediators in rodent population and rodent-borne disease emergence in Qatar: (1) Oil and gas revolution, 

(2) rapid increase of multicultural population, (3) rapid urbanization, (4) importation of food and 

agricultural products, (5) agricultural and livestock development, (6) farm biosecurity, and (7) stray 

animals. In the past, Qatar was a country of the Bedouin whose main business was fishing, pearl 

harvesting, and livestock farming. After the oil revolution in the 1950s, economic development and 

globalization [60-62] has attracted high numbers of skilled and semi-skilled workers [61,63]. This 

migration played an important role in determining population change and the dynamics of the socio-

economic environment. In 1960s, the Qatar population was 47000, which was increased 12 folds in 21st 

century [64], and around 2.8 million in 2020 [65]. Over the period, the majority of urban infrastructural 

projects, such as residential facilities, markets, hospitals, and roads, were accomplished. The urban 

growth was increased at least 4 times between 1987 and 2013 [66]. The spatial range was also changed 

considerably for the development of highways, residents, coastline, and airport [66,67]. Therefore, the 

rodent ecosystem in the deserts could be damaged, and rodents could migrate toward the cities. 

Generally, rodents prefer to live in the cities as they get more food and less predation pressure [68]. The 

country imports food and agricultural products from different countries. The annual cost of food import 
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has been raised from around $100 million in 2000 to $1000 million in 2018 [71]. Some major partner 

countries for importation of manpower, live animals and food products are India, Bangladesh, Nepal, 

Srilanka, Pakistan, Philippines, Egypt, Turkey, and Sudan [71,72], which are endemic with many 

rodent-related diseases, such as rabies, typhoid fever, chikungunya, leishmaniasis, and Rift Valley fever 

[73-77]. Several studies reported that the newly immigrant workers are more prevalent with 

gastrointestinal parasites than the old residents and citizens in Qatar, such as Giardia lamblia and 

Cryptosporidium spp. [17,18,28], which can be transmitted by rodents [3]. There is a chance of 

importing rodent-borne pathogens by immigrant residents, live animal trade, and imported food and 

agricultural products to Qatar [14]. Being a decertified country, Qatar had minimal agricultural 

activities in the past [69,70], which trend has been changed in the recent years by increasing the effort 

to agricultural practices. The amount of vegetated area and arable land increased from 5.3% to 5.8% 

and 6.8% to 7.2%, respectively [71]. Rodent-borne pathogens can spread throughout the country by 

contaminated agricultural products. The number of livestock and livestock farms have also been 

increased by 3 times in the last 10 years [78]. In Qatar, livestock farms are mostly managed traditionally 

with insufficient biosecurity measures. These farms are generally keeping mixed livestock in the same 

housing facility. The majority of farmworkers are from Bangladesh, India, Nepal, and Sudan and live 

in the farm compound. The owners keep their resting place (majlis) inside the farms, where they spent 

their evening and holiday times. Our study demonstrates that livestock and agricultural farms are more 

prevalent with rodents than other areas [12]. Due to the close contact between human workers, owners, 

and multispecies animals with poor biosecurity management in the Qatari livestock farms, there is 

chance to cross the species barrier by the zoonotic pathogens at human and animal interface, which was 

observed in a MERS-CoV case. The owner, worker, and camels of a farm were found positive for 

MERS-CoV [60]. Although there is no documented report of stray dogs and cats in Qatar, according to 

the newspaper reports [79-81], there has been a rise in the population of stray animals, which can 

influence the transmission cycle of the rodent-borne pathogens [15].  

Possible rodent control programs 

Rodent control is considered to be a significant tool to prevent rodent-borne disturbances. The current 

study (Chapter 4.1 and Chapter 4.2) revealed that over 50% of the commensal rodents carry at least one 

pathogen of public health importance, highlighting the necessity of rodent control. Several steps, such 

as control of rodent population, rodent access, and rodent contact could be valuable for controlling 

rodents. In general, 90% of rodent populations are not pests. Therefore, it is not recommended to kill 

large populations of these animals. Infectious agents can remain even if 75% of the total population is 

controlled. Rodent-borne diseases can disappear after few years of continuous rodent control programs 

but can reemerge if the control program is either stopped or the population increases. Even after the 

entire rodent population has been eliminated, pathogens can still increase with new/adaptive ecological 

and evolutionary dynamics. A pathogen may establish a different transmission pathway, e.g., find 

different vector instead of rodents [68]. In some cases, the rodents are harmful, and in other cases, 

rodent-ectoparasites are more dangerous [68]. Moreover, the rodent is a part of an ecosystem [82]. 

Therefore, it is essential to find an eco-friendly and balanced way of managing rodent control in Qatar. 

In Qatar, governmental and corporate services are managing pest control, including rodents. The service 

beneficiaries are mostly corporate offices, industries, residential areas, major public parks, and other 

public places. However, limited interventions are applied in livestock and agricultural farms, which 

may be one of the causes of high rodent and rodent-borne pathogen abundance in such areas. Due to 

the absence of clear rodent control guidelines, pest control service providers work on their own 

strategies. It is essential to develop a national guideline for rodent control. Additionally, ecological 

surveillance is needed to understand the rodent population demography, habitual distribution, and 

associated factors for rodent abundance and overload. An epidemiological study on rodent-borne 

pathogens is important to understand the rodents and other animals as vectors, pathogen prevalence at 

different host levels, and pathogen transmission dynamics. It might be helpful to prioritize rodent-borne 

pathogens, their transmission pathways, which may not necessarily need the understanding of the whole 

ecology but only the common drivers and understanding the common risks based on the context that 

will alleviate the control program.  
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Rodent control should be organized considering four major keywords: humanity, effectiveness, 

biosafety, and cost-efficiency. For this, it is essential to raise the activity of governmental authority, 

engage the lobbyists, and educate the citizens and residents to develop collective consciousness about 

rodents. Although animal ethics are intensely practiced for experimental cases, less attention is given 

when they are pests. Human social behavior and perception are a challenge in controlling rodents. 

People usually prefer to have a magic box to kill all the rodents, hence they like to use acute poison. 

Rodent control and prevention are a public-private joint work. As the inhabitant of the world, these 

animals deserve a moral value. A humane way should be favored in treating them. Integrated Pest 

Management (IPM) is an environmentally friendly and common-sense approach pest controlling 

program, which is considered as the best rodent control approach [83]. IPM should be implemented as 

a quality procedure of biosafety and management in the hospitals, residential complexes, business 

centers, airports, and seaports in Qatar. Categorizing control strategies, such as short-medium-long term 

rodent control in different facilities, can be applied. A short-term solution addresses the immediate 

rodent problem, whereas a long-term plan focuses on understanding rodent ecology and risk factors. In 

the residential, corporate, and industrial areas, short-term or emergency rodent control is applicable. 

Higher emphasis should be given to the livestock and agricultural areas. The development of biosecurity 

in the farming systems is a prime requirement in rodent and zoonoses control. Modifying the rodent 

habitat, such as hiding and nesting places, blocking rodent entrances, and reducing food and water 

access lead to significant prevention of rodent abundance. Trap barrier system/fencing is a well-known 

non-toxic rodent control method, where they can enter but is unable to exit, so it is easy to catch and 

eliminate. Such techniques can be applied in the Qatari livestock and agricultural farms. Poisoning, 

fumigation, chemo sterilant, glue-board, and trapping are also accepted methods of rodent control. 

Before selecting any of such methods, there is a need to evaluate the number of targets to kill, degree 

of pain, distress, or discomfort to the rodent; time length to kill the animal; effects on the rest of the 

population; and chances of secondary poisoning (e.g., children, livestock, and environment) [84].  

One-Health movement 

The One Health approach advocates for a holistic approach to tackling diseases at the human-animal-

environment interface. The rodent-borne zoonoses are the classic example of where the One Health 

movement can play a key role. We propose a possible One Health framework for rodent-borne pathogen 

surveillance and control to combat future epidemics in Qatar (Table 1).  

Working with wild or commensal rodents needs time, money, dedication, facilities, and expert 

involvement. Multidisciplinary involvement is needed to quantify the impacts of rodents, rodent 

control, and control of rodent-borne hazards. In rodent-borne pathogen surveillance, a single/specific 

pathogen surveillance is not practical. The individual sectoral movement will cause time and cost 

consumption, whereas joint-team work can enhance sharing of knowledge and views of one sector with 

the others, and increase the efficiency of each sectoral work. Therefore, the One Health movement is 

essential in the prevention and control of rodent and rodent-borne zoonoses. One Health approach in 

rodent control gives a complex connection between different sectors and levels (local, regional, 

national, and global), who need to join together and assess relationships between humans, animals, 

plants, shared environment, climate, economics, and society. Multisectoral engagement is needed, 

including stakeholders, such as rodentology, entomology, acarology, microbiology, parasitology, 

ecology, policy makers, lobby groups, and media; considering the local socio-economic, cultural and 

spiritual facets; capacity building for research, data collection, and control of rodent-borne disease 

outbreak; access of up-to-date technologies for pathogen surveillance and characterization; risk 

mapping, stratification, GIS, big data, and prediction model preparation; translating research findings 

to rodent control; and unified decision making. Such One Health team showed success in working 

together for emerging disease research, such as outbreak investigation, surveillance, early detection of 

pathogens in many countries [85,86], including Qatar [87]. The “National Outbreak Control Task 

Force” of Qatar can be strengthened by capacity-building, formulating supportive legislation, allocating 

budget, and engaging relevant international and national organizations and personals. 
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Table 1: Possible One Health framework for rodent-borne pathogen surveillance and control to combat future 

epidemics in Qatar 

Conclusion and recommendation 

In general, 5-10% of the rodents are pests or carriers of zoonotic pathogens. The current study reported 

that over 50% of the rodents in Qatar carry at least one pathogen, including ectoparasites, helminths, 

protozoa, and bacteria, which indicates that the commensal rodents of this country are indicators of the 

presence and dispersal of zoonotic pathogens. In our initial study, we reviewed the available data in the 

history and found the diversity of ectoparasites and helminths in the Middle East. Moreover, we 

estimated the pooled prevalence of rodent-borne parasites in the region. In addition, we reviewed 

available historical data of rodent-borne zoonotic pathogens in Qatar, estimated the pooled prevalence 

of the pathogens, and identified the major risk factors and diversity. In our study, livestock and 

agricultural farms are the hotspots for rodent abundance. We found different rodent-borne zoonotic 

pathogens, which have the potential to transmit to humans and other animals. Inappropriate farm 
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biosecurity may be behind the rodent abundance and rodent-borne pathogens in these facilities. Urgent 

action is needed to prevent future spillover of these pathogens at the human-animal-environment 

interface. A policy needs to be prepared for rodent, and rodent-borne zoonoses control in this country, 

which should go through three principles: (1) surveillance, monitoring, evaluation, and analysis; (2) set 

action thresholds; (3) prevention and control. It is essential to develop a surveillance system to explore 

rodent biology, including demography and population overload, and epidemiology of the rodent-borne 

zoonoses. Capacity development for pathogen detection by both medical and veterinary sectors, 

vaccination to both humans and animals (including rodent vaccination) are suggested. A multifactorial 

and multisectoral rodent and rodent-borne disease control program should be built on IMP models, in 

which local structure, environment-ecosystem between humans and rodents, socio-economic balance, 

and cost-benefit will be respected. Based on our study, we recommend the relevant authority and 

policymakers in Qatar to implement an appropriate intervention program. A roadmap identifying 

priorities for research and development, capacity building in rodent control programs should be 

developed. Furthermore, implementing the One Health approach to combat rodent-borne zoonoses and 

reduce the risk of the future epidemic with rodent-borne pathogens in Qatar is strongly recommended. 
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