
Thesis Ref. No. ---------- 

 

INVESTIGATION ON OCCURRENCE OF INFLUENZA A VIRUS 

INFECTION IN CAMELS SLAUGHTERED AT AKAKI MUNICIPAL 

ABATTOIR, ETHIOPIA 

 

MVSc. Thesis 

 

 

 

 

 

 

 

 

 

COLLEGE OF VETERINARY MEDICINE AND AGRICULTURE  

DEPARTMENT OF VETERINARY MICROBIOLOGY, 

IMMUNOLOGY AND PUBLIC HEALTH  

MVSc program in Veterinary Public Health 

 

BY: 

MARANATHA WONDATIR NIGATU 

 

 

 

 

September,2020 

Bishoftu, Ethiopia 



II 
 

INVESTIGATION ON OCCURRENCE OF INFLUENZA A VIRUS 

INFECTION IN CAMELS SLAUGHTERED AT AKAKI MUNICIPAL 

ABATTOIR, ETHIOPIA 

 

MVSc. Thesis 

 

 

 

 

 

 

 

 

 

A Thesis Submitted to College of Veterinary Medicine and Agriculture, Addis Ababa 

University, in partial fulfillment of the requirements for the degree of Masters of 

Veterinary Science in Veterinary Microbiology. 

 

 

BY: 

MARANATHA WONDATIR NIGATU 

 

 

 

 

 

 

 

 

 

 

September,2020 

Bishoftu, Ethiopia 



III 
 

Addis Ababa University 

College of Veterinary Medicine and Agriculture 

Department of Veterinary Microbiology, Immunology and Public Health 

 

 

As MVSc research advisors, we here by certify that we have read and evaluated this 

thesis prepared under our guidance by Maranatha Wondatir Nigatu 

 

 

Entitled: 

INVESTIGATION ON OCCURRENCE OF INFLUENZA A VIRUS INFECTION 

IN CAMELS SLAUGHTERED AT AKAKI MUNICIPAL ABATTOIR, ETHIOPIA 

 

Submitted by: Maranatha Wondatir Nigatu     _____________        _____________ 

                          Name of student                         Signature                       Date 

 

 

We recommend that it can be submitted as fulfilling the MVSc thesis requirement. 

 

 

 

Dr. Fanta Desissa                _______________                  ______________ 

Major Advisor                          Signature                                      Date 

 

 

Dr. Gezahegne Mamo            _______________                  _______________ 

Co-advisor                                Signature                                     Date 

 

 

Dr. Abraham Ali                      _______________                  _______________ 

Co-advisor                                Signature                                     Date 

 

 

 



IV 
 

Addis Ababa University 

College of Veterinary Medicine and Agriculture 

Department of Veterinary Microbiology, Immunology and Public Health 

 

 

As member of the examining board of the final MVSc. Open defense, we certify that 

we have read and evaluate the thesis prepared by Maranatha Wondatir Nigatu 

 

 

Entitled: 

INVESTIGATION ON OCCURRENCE OF INFLUENZA A VIRUS INFECTION 

IN CAMELS SLAUGHTERED AT AKAKI MUNICIPAL ABATTOIR, ETHIOPIA 

and 

 

We recommend that it be submitted as fulfilling the MVSc thesis requirement for the 

degree of Masters of Veterinary Public Health. 

 

 

 

 

Dr. ________________                  ________________                ___________ 

       Chairman                                        Signature                              Date 

 

Dr. _______________                     ________________                ___________ 

       External Examiner                           Signature                             Date 

 

Dr. ________________                   ________________                 ___________ 

       Internal Examiner                            Signature                             Date 

 

 

 

 

 



V 
 

TABLE OF CONTENTS 

 

CONTENTS                                                                                                      PAGES 

 

TABLE OF CONTENTS ........................................................................................... V 

STATEMENT OF AUTHOR ................................................................................. VII 

ACKNOWLEDGEMENT ...................................................................................... VIII 

LIST OF TABLES ..................................................................................................... IX 

LIST OF FIGURES .................................................................................................... X 

LIST OF APPENDICES ........................................................................................... XI 

LIST OF ABBREVIATIONS ................................................................................. XII 

ABSTRACT ............................................................................................................. XIII 

1. INTRODUCTION ................................................................................................ 1 

2. LITERATURE REVIEW .................................................................................... 4 

2.1. Influenza A Virus Etiology ........................................................................... 4 

2.2. Host Range ..................................................................................................... 6 

2.3. Zoonotic Importance of Influenza A Viruses ............................................. 7 

2.4. Clinical  signs ................................................................................................. 8 

2.5. Routes of Transmission ................................................................................. 9 

2.6. Diagnosis ...................................................................................................... 10 

2.7. Prevention and Control .............................................................................. 11 

2.8. Status of Influenza A Virus in humans in Ethiopia ................................. 12 

2.9. Report of Influenza A virus in camels of Ethiopia ................................... 13 

3. MATERIALS AND MEHODS.......................................................................... 15 

3.1. Study Setting ................................................................................................ 15 

3.2. Study population ......................................................................................... 15 



VI 
 

3.3. Study Design ................................................................................................ 16 

3.3.1. Sample size and Sampling method ......................................................... 16 

3.3.2. Sample collection and transportation .................................................... 17 

3.3.3. Questionnaire survey ............................................................................. 17 

3.4. Laboratory investigation ............................................................................ 17 

3.5. Ethical consideration................................................................................... 20 

3.6. Data Management and Statistical Analysis .............................................. 20 

4. RESULTS ............................................................................................................ 21 

5. DISCUSSION ...................................................................................................... 34 

6. CONCLUSION AND RECOMMENDATIONS.............................................. 38 

7. REFERENCES ................................................................................................... 39 

8. APPENDICES ..................................................................................................... 49 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



VII 
 

STATEMENT OF AUTHOR 

 

 

First, lI ldeclare lthat lthis lthesis lis lmy lauthentic lwork land lthat lall lsources lof lmaterials 

lused lfor lthis lthesis lhave lbeen lproperly lacknowledged. lThis lthesis lhas lbeen lsubmitted 

lin lpartial lfulfillment lof lthe lrequirements lfor lMVSc ldegree lat lAddis lAbaba lUniversity, 

lCollege lof lVeterinary lMedicine land lAgriculture land lit lis ldeposited lat lthe lUniversity 

l/College llibrary lto lbe lmade lavailable lto lborrowers lunder lrules lof lthe llibrary. lI 

lsolemnly ldeclare lthat lthis lthesis lis lnot lsubmitted lto lany lother linstitution lanywhere lfor 

lthe laward lof lany lacademic lcertificate, ldiploma lor ldegree. l 

 

Brief lquotations lfrom lthis lthesis lare lallowable lwithout lspecial lpermission lprovided 

lthat laccurate lacknowledgement lof lsource lis lmade. lRequests lfor lpermission lfor 

lextended lquotation lfrom lor lreproduction lof lthis lmanuscript lin lwhole lor lin lpart lmay lbe 

lgranted lby lthe lhead lof lthe lmajor ldepartment lor lthe lDean lof lthe lCollege lwhen lin lhis lor 

lher ljudgment lthe lproposed luse lof lthe lmaterials lin lthe linterest lof lscholarship. lIn lall 

lother linstances, lhowever lpermission lmust lbe lobtained lfrom lthe lauthor. 

 

Name: lMaranatha lWondatir lNigatu 

Signature: l___________ 

Date lof lSubmission: l_______________ 

 

Advisors lname: 

Fanta lDesissa l(DVM, lMSc, lBSc, lMPH, lPhD lcandidate, lAssoc. lProf, lAAU-CVMA) 

Signature: l___________ 

 

Gezahegne lMamo l(DVM, lMSc., lPhD, lAssoc. lProf, lAAU-CVMA) 

Signature: l___________ 

 

Abraham lAli l(DVM, lMPH, lPhD lcandidate) 

Signature: l___________ 

 

Addis lAbaba lUniversity, lCollege lof lVeterinary lMedicine land lAgriculture, lBishoftu 

 



VIII 
 

ACKNOWLEDGEMENT 

 

 

First land lforemost, lI lwould llike lto lthank lGod lwho lis lthe lorigin lof lall lwisdom land 

lknowledge, lfor lallowing lus lto ldiscover lthe lmysteries lof lHis lcreations. lNone lof lthese 

lwould lhave lbeen lpossible lwithout lHim. 

 

I lwould lalso llike lto lthank lmy lprincipal ladvisor lDr. lFanta lDesissa lat lAAU-CVMA lfor 

lhis lvaluable lassistance lduring lthe lstudy lperiod land lsharing lhis lacademic lexperience lin 

lthe lwriting lof lthis lresearch lpaper. l 

 

I lwant lto lgenuinely lthank lmy lco-advisor lDr. lGezahegne lMamo lat lAAU-CVMA, lfor 

lhis lprofessional lguidance, lsuggestions land lcomments lduring lthe lresearch land lthe 

ldevelopment lof lthis lpaper. l 

 

Then lI lwant lto lexpress lmy lappreciation lto lmy lco-advisor lDr. lAbraham lAli lat lEPHI, lfor 

lallowing lme lto lwork lon lhis lproject land lfor lproviding lall lthe lnecessary lmaterials lfor lthe 

lstudy las lwell las lhis lcontinuous lsupervision land ladvice lthroughout lthe lprocess lof lthis 

lstudy. 

 

I lalso lwant lto lthank lthe lworkers lat lAkaki lmunicipal labattoir lDr. lSolomon lTesfay, lMr. 

lDejene lGizachew, lMr. lGeletaw lMohammed land lMr. lMoges lNegash lfor lassisting lme 

lin lsample lcollection land lrestraining lthe lcamels lwith ldiligence lduring lthe lstudy lperiod. l 

l 

 

Then lI lwant lto lthank lthe llaboratory ltechnicians lat lEPHI, lMr. lAdamu lTayachew, lMr. 

lAdimikew lAgunie, lMr. lHiwot lAmare land lMrs. lBetselot lZerihun, lwho ltaught lme lso 

lmuch lby limparting ltheir lknowledge land lexperiences lwith lenthusiasm. 

 

Finally, lI lwant lto lacknowledge lthe lsupport lof lmy lfather lDr. lWondatir lNigatu land lmy 

lmother lFikirte lWodajo las lwell las lmy lfriends land lclassmates lthrough ltheir 

lencouragement, ladvice land linspiration lso lI lcould lperform lat lmy lbest. 

 

 



IX 
 

LIST OF TABLES 

 

Pages 

Table 1:  Characteristics of sample population ........................................................... 21 

Table 2: General information on workers at Akaki municipal abattoir ...................... 27 

Table 3: Worker relationship with camels (frequency) .............................................. 28 

Table 4: Hygienic practices of workers ...................................................................... 28 

Table 5: Health history of workers ............................................................................. 29 

Table 6: Knowledge assessment on workers .............................................................. 29 

Table 7: General information about camel traders ...................................................... 31 

Table 8:  Trader relationship with camels (frequency) ............................................... 32 

Table 9: Hygienic practices of the traders .................................................................. 32 

Table 10: Health history of the traders........................................................................ 33 

Table 11: Knowledge assessment on camel traders .................................................... 33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



X 
 

LIST OF FIGURES  

                                                                                                                                              

Pages 

Figure 1: Schematic structure of influenza A virus ...................................................... 5 

Figure 2: Host range of Influenza A virus .................................................................... 6 

Figure 3:  Rate of camel production in Ethiopia (2000-2018) ... Error! Bookmark not 

defined. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XI 
 

LIST OF APPENDICES  

 

Pages 

Appendix 1: Laboratory procedures ............................................................................ 49 

Appendix 2: RT-PCR result of the camels .................................................................. 54 

Appendix 3: Questionnaire survey form for human exposure risk assessment of 

Influenza A virus.......................................................................................................... 55 

Appendix 4: Data Collection Format for cross-sectional abattoir survey in camels ... 63 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



XII 
 

LIST OF ABBREVIATIONS 

 

 

dNTP 

EPHI 

HA 

IAV 

IBV 

ICV 

IDV  

IVs 

MOH 

RT- PCR 

NA 

NIRL 

NP 

RdRp 

RIDT 

VTM 

vRNP  

di nucleoside triphosphate 

Ethiopian Public Health Institute 

hemagglutinin 

Influenza A virus 

Influenza B virus 

Influenza C virus 

Influenza D virus 

Influenza viruses  

Ministry of Health 

Reverse Transcriptase – Polymerase Chain Reaction 

neuraminidase 

National Influenza Reference Laboratory  

nucleocapsid proteins 

RNA-dependent RNA polymerase  

Rapid influenza diagnostic tests  

Viral transport medium  

viral Ribonucleoprotein   

 

 

 

 

 

 

 

 

 

 

 

 



XIII 
 

ABSTRACT 

 

 

Influenza is a contagious respiratory disease of birds and mammals including 

humans caused by influenza viruses A, B, C and D.  Influenza A virus (IAV) 

subtypes possesses the greatest zoonotic potential. Continuous circulation of 

Influenza A virus in different animal species may cause influenza virus to acquire 

adaptive genetic features for efficient human to human transmission through 

mutations. An abattoir based cross-sectional study was conducted from November, 

2019 to August, 2020 to evaluate the prevalence of Influenza A virus infection in 

camels at Akaki municipal abattoir and assess the public health importance of the 

virus. The study animals were camels slaughtered at Akaki municipal abattoir, 

central Ethiopia in which the camels were brought for slaughter from camel rearing 

pastoral areas of Ethiopia. A total of 392 nasal swab samples were tested for the 

presence of viral RNA using Reverse transcriptase – polymerase chain reaction (RT-

PCR), at the National Influenza Reference Laboratory at EPHI and their result 

showed no occurrence of Influenza A virus RNA in sampled camels. The public 

health significance was evaluated using questionnaire survey. A total of 19 

participants who had direct contact with the camels at Akaki municipal abattoir (12) 

and traders (7) participated in the study. In conclusion, the present study showed that 

there were no camels with current infection. Yet serologic tests should be done to 

see the presence of antibodies. The zoonotic importance of the disease is not 

something that can be neglected due to the potential risk factors at Akaki municipal 

abattoir such as the high frequency of contact with the camels as well as 

consumption of raw camel meat and milk and lack of appropriate personal protective 

equipments. Hence, this warrants further study in camel population of pastoralist 

area of Ethiopia in order to confirm the occurrence of Infulenza A virus in camel and 

design a control options to reduce its zoonotic chance to the high-risk pastoralist 

population.  

 

       Keywords: Influenza A virus, prevalence, public health importance, RT-PCR, 

Akaki municipal abattoir, Ethiopia 
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1. INTRODUCTION 

 

 

Influenza (the flu) is a contagious respiratory illness of birds and mammals including 

humans caused by influenza viruses A, B, C and D. In the last 100 years, influenza 

viruses in human are generally manifested as seasonal, zoonotic and pandemic with 

clinico-pathological manifestation that vary from mild to severe illness, and at times 

can lead to death. However, the most threatening influenza infections are those caused 

by zoonotic and/or pandemic strains particularly influenza A subtypes H1N1, H3N2 

and H2N2, following their introduction usually from animal reservoir into human 

population (Reperant et al., 2016). Although the infection of humans with zoonotic 

influenza viruses is less frequent than infections with seasonal influenza viruses, there 

is a global concern that these zoonotic viruses may acquire mutations in animals or 

humans that favor the efficient animal-to-human or sustained human-to-human 

transmission (Kandeil et al., 2017a).  

 

Of the four known influenza virus genera, Influenza A viruses (IAVs) possess the 

greatest zoonotic potential as they are able to infect different avian and mammalian 

animal hosts, from which they can be transmitted to humans. This is based on the 

ability of IAV to gradually change their genome by mutation or even reassemble their 

genome segments during co-infection of the host cell with different IAV strains, 

resulting in a high genetic diversity (Mostafa et al., 2018).   

 

Influenza A virus infections have attracted more attention especially since the 

identification of avian and swine influenza viruses that can (with or without biological 

or molecular adaptations) be transmitted directly, and cause severe disease in humans 

and other mammals. This was notable with the occurrence of A/Goose/Guangdong/96 

lineage of H5N1, which had infected 860 people and killed 454 (52% case-fatality 

rate) up till December 2017 (WHO, 2017). 

 

Continuous circulation of Influenza A viruses in different animal species and zoonotic 

transmission to human may cause influenza virus to acquire adaptive genetic features 

for efficient human to human transmission through mutations (insertions/deletions), 

reassortment or emergence of immune or antiviral resistant strains. Those may likely 
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be precursors of emerging influenza A virus with pandemic potential. Global 

surveillance for influenza diversity and monitoring reassortment events between 

potential animal species and human viruses therefore greatly improves the ability for 

early detection, to identify and anticipate which strains are more likely to evolve 

(Reperant et al., 2016).  

 

One such species that has the potential to harbor these viruses is the Camelus 

dromedarius (Yamnikova et al., 2002). More than 80% of the camel population 

inhabits Africa with 60% being in the Eastern African countries (Sudan, Somalia, 

Ethiopia and Kenya) which are important exporters of dromedary camels to the 

Arabian Peninsula and Egypt (Faye, 2015). Ethiopia has an average of 1.42 million 

camels according to CSA, 2018. In Ethiopia camels are commonly reared by 

pastoralists who travel across many territories where the animals may be exposed to 

and adopt Influenza A viruses. The difficulty to control the contact between people 

and dromedary camels especially in pastoral areas poses a risk for the viruses to 

develop a zoonotic nature (Tefera, 2004). 

 

Despite reports of serologic activity against influenza A virus among camels in 

several African countries (Caffar and Kheir, 1985; Olaleye et al., 1989), the lack of 

isolated virus from these populations highlights how little is known about the ecology 

of influenza viruses in camels. Viruses are known for their high mutation and fatality 

rate and they might mutate into versions for which effective anti-viral drug or 

vaccines are unavailable (Chen et al., 2015). It is therefore important to have 

continuous studies on circulating zoonotic viruses in different species of animals and 

associated risk factors in order to initiate early warning and response systems. 

 

A recent report showed that there is evidence indicating that dromedary camels in 

Ethiopia can harbor influenza A virus of zoonotic importance (H1N1). In this study 

conducted in 2017, of 294 nasal swab samples collected from nomadic dromedary 

herds in Amibara, Asayita and Dubti districts of Afar region, for the study of MERS-

CoV, one camel from Amibara district was found to be positive for influenza A virus 

(H1N1) (Chu et al., 2019). In addition, out of the 100 camel serum samples collected 

from Amibara camels 4 serum samples were positive for antibody against H1N1 

(A/dromedary/NV1337/2016) Influenza A virus using hemagglutination inhibition 

https://www.sciencedirect.com/science/article/abs/pii/S0042682283716296#!
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test (Chu et al., 2019). However, specific study on occurrence of Infulenza A virus in 

camels of Ethiopia and its associated risk factors for zoonotic transmission have not 

been studied.  

In regards of these factors, the objectives of this study are described as: 

 

General objective 

 

➢ To investigate the occurrence of Influenza A virus in camels slaughtered at 

Akaki municipal abattoir and the public health importance of the virus at abattoir 

level. 

 

Specific objectives 

 

➢ To determine the occurrence of Influenza A viruses in camels slaughtered at 

Akaki municipal abattoir based on molecular detection of the virus in nasal 

swab,  

➢ To evaluate the potential risk of exposure to abattoir workers and camel traders 

and their food safety practices. 
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2. LITERATURE REVIEW 

 

 

2.1.Influenza A Virus Etiology 

 

Influenza lis lan linfectious lrespiratory lillness lcaused las la lresult lof linfluenza lviruses 

l(IVs). lIVs lare lcategorized lantigenically lbased lon lthe lversions lof lthe lnucleoprotein 

l(NP) land lmatrix lproteins l(unique lfor levery lviral ltype) linto l4 lgenera: linfluenza lA 

lviruses l(IAV), linfluenza lB lviruses l(IBV), linfluenza lC lviruses l(ICV), land linfluenza lD 

lviruses l(IDV) l(Hause let lal., l2014). lWhile lboth lIAV land lIBV lcause lseasonal 

lworldwide lepidemics lin lhumans, lICV lcases lare lless lrecurrent land lonly lcause lmild 

lillness lwith lno lmentions lof lepidemics. lIDV lis ltypically lfound lin lcattle lbut lrecent 

lstudies lshow lserological levidence lin lhumans l(Wright let lal., l2013; lChiapponi let lal., 

l2016; lSu let lal., l2017). l l 

 

Influenza lA lviruses lare llabeled lunder: lrealm l(Riboviria), lphylum l(Negarnaviricota), 

lclass l(Insthoviricetes), lorder l(Articulavirales), lfamily l(Orthomyxoviridae), lgenus 

l(Alphainfluenzavirus). lThey lare lnegative-sense, lsingle-stranded, lsegmented lRNA 

lviruses. lUnlike lthe lother linfluenza ltypes, lIAVs lare lsubtyped lconsistent lwith lthe 

lantigenicity lof lthe lsurface lglycoproteins land lare llabeled laccording lto lan lH lnumber lfor 

lthe lhemagglutinin ltype land lan lN lnumber lfor lthe lneuraminidase ltype. lThere lare l18 lH 

land l11 lN lantigens. lSo, lin ltheory, lthere lare labout l198 ldistinct lcombinations lof lthese 

lproteins lare lprobable l(Skehel land lWiley, l2000; lShaw land lPalese, l2013). lMutation lhas 

lcaused leach lof lthe lviral lsubtypes linto lvarious lstrains lwith lparticular lpathogenic 

lprofiles. lSome lcause ldiseases lin lone lspecies lbut lnot lothers, lwhile lothers lare 

lpathogenic lto lmultiple lspecies l(Wu let lal., l2014; lShort let lal., l2015). l 

 

The lenvelope lof lan lIAV l(figure l1), lthat lis lderived lfrom lthe lhost’s lplasma lmembrane, 

lcarries l3 ltrans-membrane lproteins; l2 lsurface lglycoproteins l(HA~80% land lNA~17%) 

land lthe lproton lchannel lmatrix lprotein l2 l(M2). lThe lmatrix lprotein l1 l(M1) lunderlies lthe 

linternal lsurface lof lthe lviral lenvelope land llinks lwith lnucleocapsid lproteins l(NP) land 

lviral lribonucleoprotein lcomplexes l(vRNPs). lThe l8 lvRNPs lincorporate leight lnegative-

strand lRNA lsegments lrelated lto lthe lnucleoprotein land lthree lRNA-dependent lRNA 

https://en.wikipedia.org/wiki/Riboviria
https://en.wikipedia.org/wiki/Negarnaviricota
https://en.wikipedia.org/wiki/Articulavirales
https://en.wikipedia.org/wiki/Articulavirales
https://en.wikipedia.org/wiki/Orthomyxoviridae
https://en.wikipedia.org/wiki/Alphainfluenzavirus
https://en.wikipedia.org/wiki/Sense_(molecular_biology)
https://en.wikipedia.org/wiki/RNA_virus
https://en.wikipedia.org/wiki/RNA_virus
https://en.wikipedia.org/wiki/RNA_virus
https://en.wikipedia.org/wiki/RNA_virus
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lpolymerase l(RdRp) lsubunits l(PA, lPB1, lPB2) l(Shaw land lPalese, l2013; lMostafa let lal., 

l2018). 

 

 

Source: l lhttp: l//www.virology.ws lVincent lRacaniello 

Figure l1: lSchematic lstructure lof linfluenza lA lvirus 

 

The lhemagglutinin lis lsignificant lto lthe lvirus's ldistinguishing land lbinding lcapacity lto 

ltarget lcells, land ladditionally lto lthen linfect lthe lcell lwith lits lRNA lby lproducing 

lagglutination. lThe lneuraminidase, lon lthe lother lhand, lis lan lenzyme lvital lfor lthe 

lfollowing llaunch lof lthe ldaughter lvirus lfragments lcreated linside lthe linfected lcell lso 

lthat lthey lcan lspread lto ladjacent lcells lby lslicing lthe lglycosidic lbonds lof lthe 

lmonosaccharide lsialic lacid l(Pleschka, l2013; lByrd-Leotis let lal., l2017). lThese lproteins 

lare lfrequently lthe ltargets lfor lantiviral ldrugs. lFurthermore, lthey lare lthe lantigens lto 

lwhich la lhost’s lantibodies lbind land linitiate lan limmune lresponse l(Wilson land lvon 

lItzstein, l2003; lDharmayanti let lal., l2014). l l 

 

Variants lof lIAVs lare ltermed lbased lon la lresemblance lto la lprevious lisolate. lThis lcould 

lbe lbased lon lthe llineage lthey lshare l(Fujian lflu lvirus-like); lbased lon ltheir ltypical lhost 

l(human lflu lvirus); ltheir lsubtype l(H3N2); lor ltheir lfatality l(LP, llow lpathogenic lor lHP, 

lhigh lpathogenic) l(Chiapponi let lal., l2016). 

 

 

https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/Glycosidic_bond
https://en.wikipedia.org/wiki/Monosaccharide
https://en.wikipedia.org/wiki/Sialic_acid
https://en.wikipedia.org/wiki/Fujian_flu
https://en.wikipedia.org/wiki/Human_flu
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2.2.Host Range 

 

Influenza lA lviruses lare lin lnature lcapable lof lcausing linfluenza lin lbirds land lmammals 

lwhich lincludes lhuman lbeings, lswine, lhorses, lcats, ldogs, lwhales, las lwell las lseal l(figure 

l2). lMarine lbirds lare lthe lmost lsignificant lbunch lof lfaunas lin lthe lecology land 

lepidemiology lof lIAVs. lAlmost lall lcertainly lcirculating lsubtypes lof linfluenza lA lvirus 

lin lbirds land lmammals l(including lhuman) lhave lbeen ltraced lback lto lavian lancestors 

l(Alexander, l2000; lLupiani land lReddy, l2009; lFourment land lHolmes, l2015) lthough 

lapparent lsigns lof ldisease lis lunusual lin lthem. lOn loccasions, lviruses lcan lspread lfrom 

lwild lmarine lbirds lto lnative lfowls lcausing lan loutbreak land lgiving lrise lto lhuman 

linfluenza lpandemics. lExcept lfor lbat-origin linfluenza lA lviruses lH17N10 land lH18N11, 

lall lIAV lsubtypes lwere lfirst lisolated lfrom lavian lhosts l(Mostafa let lal., l2018). 

 

 

Source: lhttps://www.researchgat le.net/figure/The-host-range-of-influenza-A-virus-

Notes-The-IAV-HA-subtypes-iso llated-from-each-host. 

 l l l lFigure l2: lHost lrange lof lInfluenza lA lvirus 

 

Over lthe lpreceding ldecades, leruptions lof lrespiratory lsickness, lassumed lto lbe linfluenza, 

lamongst lcamels lhave lbeen lreported lin lBactrian lcamels lof lMongolia. lAround lthe 

l1980s, lthe lvirus lwas lcharacterized lby lresearchers lwho lspeculated lthat lit lwas llinked lto 

la lreassortant linfluenza lA l(H1N1) lvirus lvaccine lstrain, lA/PR-8/34 l+ lA/USSR/77, 

lcreated lin la lSoviet llaboratory land lthen lgiven las lvaccine lto lhumans lin lMongolia lwho 

lperchance ltransmitted lit lto lcamels lin la lreactivated lform l(Yamnikova let lal., l1993). l 

https://en.wikipedia.org/wiki/Influenza
https://en.wikipedia.org/wiki/Mammal
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Studies ladditionally ldemonstrate lthat lthe lequine linfluenza lA lH3N8 lhas lbeen lisolated 

lfrom lcamels l(Anchlan let lal., l1996). lFrom l460 lnasal lswab lsamples ltaken lfrom 

lMongolian lcamels lone lsample lwas lfound lpositive lfor linfluenza lA lvirus lwhich lis 

lphylogenetically lassociated lwith lequine linfluenza lA(H3N8) lvirus land lcan lsignify lthe 

lpossibility lof lnatural lhorse-to-camel ltransmission l(Yondon let lal., l2014). l 

 

 

2.3.Zoonotic Importance of Influenza A Viruses 

 

Influenza lA lviruses lhold lan limmense lzoonotic lcapacity las lseen lby ltheir lability lto linfect 

ldiverse lavian land lmammalian lhosts, lfrom lwhich lthey lcan lbe ldiffuse lto lhuman lbeings. 

lThis lis lprimarily lbased lon lthe lcapability lof lIAV lto lprogressively lalter ltheir lgenome lby 

lmutation lor lreassemble ltheir lgenomic lsegments lin lcase lof lco-infection lof lthe lhost lcell 

lwith ldissimilar lIAV lstrains, lensuing la lhigh lgenetic lmultiplicity l(Mostafa let lal., l2018; 

lMollentze, lN., land lStreicker, l2020). l l 

 

The lpathogenicity lof lIAV lis la lcomplicated land lmultigenic lattribute, lthat lis llaid llow lby 

lnumerous lviral land lhost lelements. lNowadays, lthe lexistence lof lsequencing lrecords 

lfrom la lbulky lsum lof lviral lstrains lcollectively lwith lthe lprovision lof ldifferent lreverse 

lgenetics lmethods lfor lIAV, lpermit lan limproved lunderstanding lof la lwider lhost lrange 

land lvirulence lfactors lof lIAV l(Mostafa let lal., l2015; lBailey let lal., l2018). l 

 

Rigorous lcirculation lof lIAVs lin lanimal lreservoirs lcauses lsporadic lemergence lof 

lgenetic ltraits las la lconsequence, lwhich lare lat lthe lminimum ladequate lto lallow lthe lvirus 

lto lcross lthe lanimal-to-human ltransmission lbarrier. lFurthermore, lgenetic lmodifications 

lthat lenhance lthe lviral laptness lfor lzoonoses lpossibly lwill lbe lachieved lin lthe lnew 

l(human) lhost l(Reperant let lal., l2012). lFor linstance, ldifferent lwell-studied ladaptive 

lgenetic lvariations lin lhuman lIAV lisolates l(e.g., lQ591K, lE627K lor lD701N) lhad lbeen 

ldetected lin lavian lor lother ltransitional lhosts l(Cui let lal., l2017; lXue let lal., l2018). 
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2.4.Clinical  signs 

 

The lappearance lof linfluenza lA lvirus linfections lin lavian lis lneedful lof ltwo lkey lfeatures 

l– lthe lspecies lof lthe laffected lbird land lthe lpathogenicity lof lthe lvirus. lThe lcausative 

lagents lare lfrequently lof lthe lH5N1 l(highly lpathogenic) land lH7N9 l(low lpathogenic) 

lsubtypes. lClinical lsymptoms lappear lin lchickens land lturkeys, lducks land lmost 

lwaterfowl lshow lsubclinical lsigns. lTiredness, lloss lof lneed lto leat, lweight lloss, lmessy 

lfeathers land ldrops lin legg lproduction lare lindicators lof linfection lwith lavian linfluenza lof 

llow lpathogenicity. lOn lthe lother lhand, lextremely lvirulent lstrains lcause llethal lsystemic 

lillness lcharacterized lby ledema, linternal lbleeding land linfection lof lthe lcentral lnervous 

lsystem l(Aronson, l2017). l 

 

In lpigs, linfluenza lgenerally lhappens lin lthe lform lof lvolatile loutbursts lof lacute 

lrespiratory ldisease lcharacterized lby lhigh ltemperature land lexhaustion, lnasal land leye 

ldischarge, lcoughing, lshortness lof lbreath land lloss lof lappetite. lThe ldisease lpersists lbest 

lfor la lweek, lwith lcomplete lregaining lof lhealth. lAlthough lmortality lis llow, lswine 

linfluenza lmay lresult lin la lmonetary lloss ldue lto lthe lbehind lschedule lweight lgain. lEquine 

linfluenza lis lcaused lby ltwo lsubtypes lof linfluenza lA lviruses l- lH7N7 land lH3N8 land 

lclinical lsymptoms linclude lhyperthermia, lnasal ldischarge land la lsevere ldry lcough; 

lseldomly lpneumonia lin lyounger lfoals land ldonkeys land lencephalitis lin lhorses lcan 

ladvance l(Meštrović, l2018). 

 

In lhuman lbeings, lsymptoms lof lflu lconsist lof lincrease lin ltemperature l(typically lhigh), 

lheadache, lextreme lweariness, ldry lcough, laching lthroat, lgooey lor lstuffy lnose, lmuscle 

laches, lunsettled lstomach lsymptoms, lsuch las lnausea, lvomiting, land ldiarrhea l- lmore 

lcommon lin lkids lthan lgrown-ups. lIn lsevere lcases ltroubled lbreathing lor lshortness lof 

lbreath, ltenacious lpain lor lheaviness lin lthe lchest lor labdomen, lpersistent lvertigo, 

lconfusion, linability lto lstimulate, lseizures, lnot lurinating, lintense lmuscle lache, lsevere 

lfeebleness lor lunsteadiness, llapsing lcough, land lgeneral lworsening lof lchronic lhealth 

lconditions lmay lbe ldetected l(Sampson, l2018). l 

 

Everyone lcan lget lsick lwith lthe lflu l(even lhealthy lpeople), land lserious lproblems lrelated 

lto lflu lcan lhappen lat lany lage, lbut lspecific lgroups lcan lbe lat lrelatively lhigher lrisk lof 

lhaving lserious lflu-related lcomplications. lThis lincludes lpeople lwho lare l65 lyears land 
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lolder, lthose lwith llong-lasting lmedical lsituations l(such las lasthma, ldiabetes, lor lcoronary 

lheart ldisease), lpregnant lfemales land lchildren lyounger lthan l5 lyears. lSimple lcases lof 

linfluenza ltypically lclear lup lwithin l3-7 ldays lfor lthe lmajority lof lpeople, leven lthough 

lcough land lmalaise lcan lkeep lon lfor l>2 lweeks, lspecifically lin laged lpeople land lthose 

lwith llingering llung ldisease l(CDC, l2019a). l 

 

 

2.5.Routes of Transmission 

 

The lmajority lof linfluenza lA lstrains lreproduce lin lthe llungs land lthe lcells lcoating lthe 

lintestinal ltract lof lmarine lbirds lwith lexcessive ltiters lof lvirus lexpelled lwith lfeces linto 

lthe lwater lleading lto lan loral-fecal lcycle lof ltransmission. lVirus lwill lalso lbe lreleased lin 

lthe lanimal’s lsaliva land lnasal lexudation lhence llakes land lhibernating lsites lfor lwater 

lbirds lmay laid las lviral lmixing lplates l(Wang let lal., l2015). lBirds lthat ltravel 

llongitudinally lalso lare lcrucial lin ltransmission lfor lthey lwere lliable lfor loutbreaks lin 

lseals, lwhales, lpigs land ldomestic lfowls. lThe lmanner lof ltransmission lfrom laquatic lto 

lfarm lbirds lmay lbe lvia ldirect lphysical linteraction lof lthe lanimals, lor lwith lsurfaces, 

lwater lor lfeed lthat lhave lbeen lpolluted lwith lthe lvirus l(Belser let lal., l2018). 

 

Poultry land lpigs lare lthe lprimary lorigins lof lhuman linfections lwith lIAVs. lThe lentry 

lportal lfor lhuman linfections lis lmostly lvia lthe lconjunctiva l(e.g., lrubbing lthe leyes), lnasal 

land lmucosal lmembranes l(e.g., lbreathing lin lof ldust, ldroplets) lby lcontact lwith linfected 

lpoultry lexcreta land lcadavers, lor lperhaps lswimming lin ldirty lwater lbodies l(Lai let lal., 

l2016; lWang let lal., l2017). lThe linteraction lwith lpoultry lin llive lanimal lmarkets lis lan 

limportant lsource lof lhuman linfections las lwell las lanimals lwith lavian linfluenza lviruses 

llike lH5N1, lH7N9, lH9N2 land lH10N8 l(Yi let lal., l2015). lPlenty lof lserological 

linvestigations lhave lalso lshown lthat lzoonotic lIAV linfections lare lmore lcommon lin 

lemployees lof lpoultry land lpig lranches. lLikewise, lIAV linfection lof lhumans l(e.g., 

lhunters) lthrough lthe ldirect lcontact lwith lwild lbirds lis lan ladditional lrisk lfactor l(Khan let 

lal., l2015; lFragaszy let lal., l2016). l 

 

Person lto lperson lspread lis lthrough lrespiratory ldroplets l(coughing lor lsneezing) lof 

lpeople lwith linfluenza l(generally lwithin la ldistance lof la lmeter). lThe lvirus lcan lsurvive 

lfor lup lto l2 ldays l(Bean let lal., l1982) lon lsolid lsurfaces land lsometimes lpeople lmay 
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lbecome linfected lby ltouching lsuch lobjects lwith lflu lviruses land lthen ltouching ltheir 

lmouth lor lnose. lMost ladults lin lgood lphysical lshape lcan lbe lable lto linfect lothers 

lbeginning l1 lday lbefore lsymptoms ldevelop land las lmuch las l5 ldays lafter lbecoming lsick 

l(Pfeiffer let lal., l2013). 

 

 

2.6.Diagnosis 

 

Influenza lis la lclinically ldistinctive lillness lhowever; llaboratory linvestigations lare 

lindispensable lto lverify lsupposed linfluenza lcases land leliminate lflu-like lillnesses lwhich 

lmight lbe linstigated lby lother lviral land lbacterial lagents. l lMore lthan la lfew ldifferent 

lprocedures lare lpresently lexisting lfor ldiagnosis lof lIAV linfections. lTo ldiagnose lacute 

linfluenza lvirus linfections learly lon, lvirus ldetection lby lmeans lof lrapid lprocedures lfor 

lantigen ldetection land lmolecular lmethods lhave lbeen lestablished. lThe lmost lcommonly 

lused, lfor lscreening lsuspected lcases, lare lrapid linfluenza ldiagnostic ltests l(RIDTs). 

lRIDTs lwork lby ldetecting lantigens lor lviral lproteins lthat lkindle lan limmune lresponse. 

lThese ltests lcan ldeliver lresults lwithin lroughly l10 lto l15 lminutes l(CDC, l2018). l 

 

Traditionally lthe ldetection lof lparticular lantibodies llike lIgG land lIgM lhas lbeen lbroadly 

lused ldiagnostically. lSerological ldiagnosis lis lconceivable lby lmeans lof lthe lcomplement 

lfixation, lhemagglutination linhibition ltests, limmunofluorescence ltest land lenzyme-

linked limmunosorbent lassay l(ELISA). lVirus ldetection lis lclearly lmore lpreferred lto 

lantibody ldetermination lfor ldiagnosis lof lrecent l(up lto l1 lweek) linfluenza lvirus 

linfections. lHowever, lantibody ltesting lmay lbe luseful las la lcomplementary ltool lto 

lconfirm lthe ldiagnosis lretrospectively lsince lmolecular lresults lwill lbe lnegative lby lthe 

ltime limmunity lkicks lin l(Allwinn let lal., l2002). l 

 

In laddition, lthere lare lnumerous lmore laccurate land ldelicate lflu ltests lavailable lthat lmust 

lbe lperformed lin ldedicated llaboratories. lThese linclude lviral lisolation lin lcell lculture, 

lnucleic lacid lamplification ltests, limmunochromatography-based lrapid ldiagnostic ltests, 

letc. lNewer ldiagnostic ltactics lare lalso lbeing ldeveloped lto ltriumph lover lthe lrestrictions 

lassociated lwith lsome lof lthe lconservative ldetection lsystems. lAll lof lthese ltests lneed 

lswab lsample lfrom lnose lor lthe lback lof lthroat l(Vemula let lal., l2016). lThe lstandard lfor 

lIAV lisolation lis lvirus lculture lin lembryonated lchicken leggs lor lmammalian lcells, ltailed 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Allwinn%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12458351
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lby la lpositive lresult lin la lhemagglutination lassay l(HA), land lsubsequent lconfirmation lof 

lHA-positive lspecimens lusing la lmore lexplicit ltest, lsuch las lRT-PCR lanalysis lof 

lgenomic lviral lRNA l(Eisfeld let lal., l2014). 

 

 

2.7.Prevention and Control 

 

Vaccination lagainst lIAV 

Vaccination lstill lcontinues lto lbe lthe lnumber lone lprotection land lthe lmost leffective lway 

lto lfight lIAV linfections l(Houser land lSubbarao, l2015) land lwould lbe lrequired lto lshield 

lagainst lspread lof la lzoonotic lstrain lwithin lthe lhuman lpopulation. lThree lcategories lof 

linfluenza lvaccines lare lpresently lcertified lfor lhuman luse: linactivated lwhole- lor lsplit-

virus; llive-attenuated lvirus; land lrecombinant lvaccines l(Ozaki let lal., l2004; lIuliano let 

lal., l2018). l 

 

Animal lvaccination lcan llessen lthe lhazard lof lhuman linfections lwith lIAVs lof lzoonotic 

lability. lYet, lIAV linfections lbefall leven lvaccinated lbirds land lpigs land lcause ldisease 

lfrequently lassociated lto lthe lvaccines, lwhich lwere lverified lby lclear lantigenic 

lmismatches l(Kitikoon let lal., l2013; lKayali let lal., l2013; lKandeil let lal., l2017a), lor ldue lto 

la lfresh lintroduction lof la lnovel lstrain l(Dharmayanti let lal., l2014). lAn linherent 

luncertainty linevitably lassociated lwith lthis lis lthe lfact lthat lpossible lpandemic lstrains 

lmay lbe lantigenically ldissimilar lfrom lthe lstockpiled lvaccines. lTo lthis lpoint, lthese 

lvaccines lstockpiles lhave lto lbe lregularly lup lto ldate lin lresponse lto lnew ldiscoveries lthat 

lmay lbecome lavailable l(Reperant let lal., l2016; lIuliano let lal., l2018). lRefining 

lvaccination leffectiveness lin ldomestic land lbackyard lpoultry lmust lalso lbe lwell lthought-

out las lan limperative lmeasure lto lavert lzoonotic lspread lof lIAV lwith lpandemic lrisk 

l(Kandeil let lal., l2017b; lTarigan let lal., l2018). 

 

Antivirals lagainst lIAV 

For lactive lcontrol lof linfluenza, lgood lhealth lpractices land lpreventive lmeasures lshould 

lbe lfollowed. lTo llessen lthe linappropriate luse lof lantibiotics las lwell las lantiviral ldrugs 

lprimary lcorrect land ltimely ldiagnosis lshould lbe ldone. lThere lis lno loperative lremedy lin 

lanimals, lalthough lantimicrobials lmay lbe lused lto lreduce lsecondary lbacterial linfections. 
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lSick lanimals lneed lto lbe lrested land lgiven lsupportive lcare. lInfluenza-specific lantiviral 

ldrugs lare lnot lyet lofficial lfor luse lin lanimals l(Reperant let lal., l2016). 

In lhumans lhowever, lthe lantiviral ldrugs lcurrently lavailable lagainst linfluenza lviruses 

lare ladamantane lderivatives l(amantadine land lrimantadine) land lneuraminidase 

linhibitors llike lzanamivir l(Relenza), loseltamivir l(Tamiflu) land lperamivir l(Rapivab). 

lThe lneuraminidase linhibitors ldiminish lthe lcapacity lof lthe linfluenza lvirus lto lspread 

lfrom lcell lto lcell lby limpeding lthe linfection lprocess lat lentry, lassembly, lor lrelease llevel 

lof lviral lreplication. lWhereas, ladamantane lderivatives lhinder lvirus lmultiplication lby 

linterfering lwith lthe ltransmembrane ldomain lof lthe lmatrix lprotein l(M2) lof linfluenza 

ltype lA lviruses land lalso lrestricts lviral lassembly lduring lviral lreplication l(Kumar let lal., 

l2015). l 

 

In lsome lcases, linfluenza lA lsymptoms lcan lresolve lon ltheir lown lwith lsufficient lrest land 

lfluid lintake l(Reperant let lal., l2016). lDespite ltheir leffectiveness, lthese lmedicines lcan 

lcause lside leffects lsuch las lnausea land lvomiting. lCurrently, lmany lapproaches lare lbeing 

lpursued lin lexperimental, lpre-clinical lwork, land lat ldifferent lstages lof lclinical ldrug 

ltrials l(Bouvier, l2018). l 

 

Other lpreventive land lhygienic lmeasures linclude lwashing lhands lwith lantiseptics lafter 

lcontact lwith lsuspected lanimals lor lpeople, lavoiding llarge lcrowds lspecifically lduring la 

lflu loutbreak, lwearing lprotective lclothing llike la lfacemask/respirator land lgloves lduring 

lgiving lcare lfor lpatients lor lwhen ldealing lwith linfected lanimals, lcovering lmouth land 

lnose lwhen lcoughing lor lsneezing, lcleaning lsurfaces lfrequently, las lwell las lcooking 

lchicken land leggs lproperly lbefore lconsumption. lRefrigeration land lfreezing ldon’t lwork 

lsince lvirus ltransmission lfrom lrunny leggs lhas lnow lbeen lproven l(Sampson, l2018). l 

 

 

2.8.Status of Influenza A Virus in humans in Ethiopia 

 

Ethiopia lhas lmade lit lobligatory lto lfile lavian-human linfluenza land lpandemic linfluenza 

lamong lthe l20 lpriority ldiseases lin lthe lcountry. lThe lMinistry lof lHealth l(MOH) lEthiopia 

lhas lstarted lsentinel lsurveillance lactivities lfor linfluenza-like lillness l(ILI) lsince 

lSeptember l2008. lAt lpresent, lthere lare la ltotal lof l8 lsentinel lsurveillance lsites llocated lin 

l5 lmain lregions lof lthe lnation. lIn l2011, lof l121 linfluenza lspecimens lfrom lhumans l17 lof 

https://www.healthline.com/health-news/is-tamiflu-effective-against-flu-this-year
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lthem ltested lpositive; l8 lwere linfluenza lB, l7 lwere lseasonal linfluenza lA l(H3), land l2 lwere 

linfluenza lA(H1N1) lpdm09. lIn lEthiopia, lseasonal lInfluenza lA(H3N2), lInfluenza 

lA(H1N1) lpdm2009 land lInfluenza lB lviruses lhave lbeen lcirculating lbetween l2009–2015 

l(Woyessa let lal., l2018). 

 

It lcan lbe lsaid lthat lEthiopia lis lat lthe lforefront lof la lfuture lflu lpandemic las lmasses lof 

lbirds lthat lmight lbe lcarriers lthe lvirus lmigrate lfrom laffected lparts lof lEurope land lAsia lto 

lEast lAfrica land lare lthought lto lpass lthrough llakes land lmarshland llocated lin lthe lrift 

lvalley lof lEthiopia l(Olsen let lal., l2006; lNicholas, l2014). lThis lcan lsignificantly lincrease 

lthe lpotential lrisk lof lspread linto lthe lchicken lpopulation. lAs lmany lfamilies lin lrural lparts 

lof lthe lcountry lpractice lbackyard lpoultry land lcommonly llive lwith ltheir lpoultry lin lthe 

lsame lresidence lthe lchance lof lcontact lwith linfected lpoultry ldroppings land lcorpses lis 

lvery lhigh l(Berhane land lTefera, l2005). lInfluenza lis lone lof lpublic lhealth lproblems lin 

lEthiopia land lthe lneed lto lpresent linfluenza lvaccine land lantivirus lis lvital lto lthwart 

lupcoming ltreat lof lthe ldisease. 

 

Ethiopia lis lsupported lthrough la lCDC lcooperative lagreement lin lits lefforts lto lenhance 

llaboratory land lsurveillance ldimensions lto lspot land lrespond lto lavian, lseasonal, land 

lpandemic linfluenza. lThe lfirst lsupportive lcontract lbetween lthe lMOH, lEthiopia lHealth 

land lNutrition lResearch lInstitute land lCDC lwas lsigned lin lAugust l2007. lThe lprincipal 

lgoal lof lthis lventure lwas lto lsustain land lreinforce lthe linfluenza linvestigation, lreadiness 

land lresponse lto lseasonal land lpandemic linfluenza lin lEthiopia l(Ayele let lal., l2012). 

 

 

2.9.Report of Influenza A virus in camels of Ethiopia  

 

In Ethiopia camels are commonly reared by pastoralists who live in arid and semiarid 

areas of the country and travel across many territories where the animals may be 

exposed to and adopt different viruses. In a study conducted in 2017, of 294 nasal 

swab samples collected from nomadic dromedary herds in Amibara, Asayita and 

Dubti districts of Afar region, for the study of MERS-CoV, one camel from Amibara 

district was found to be positive for influenza A virus (H1N1) (Chu et al., 2019).  

 



14 
 

There are also serological evidences of Influenza antibody circulation in African 

countries (Caffar Elamin and Kheir, 1985; Olaleye et al., 1989). In a more recent 

study, Influenza C and D viruses have been isolated in camels of Ethiopia (Murakami 

et al., 2019). In addition, out of the 100 camel serum samples collected from Amibara 

camels 4 serum samples were positive for antibody against H1N1 

(A/dromedary/NV1337/2016) influenza A virus using hemagglutination inhibition 

test (Chu et al., 2019). However, there are no further detail studies showing the 

occurrence and public health importance of Influenza A virus in camels in Ethiopia 

which originate from different sites of camel rearing sites of the country.  The 

difficulty to control the contact between people and dromedary camels especially in 

pastoral areas poses a risk for the pastoralist community to get the virus from camels 

(Tefera, 2004; Salem et al., 2017).  

l 
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3. MATERIALS AND MEHODS 

 

 

3.1. Study Setting  

 

The study was conducted at Akaki municipal abattoir found in Akaki town. At the 

municipal abattoir different species of animals like cattle, sheep, goats and camels are 

slaughtered daily for public use. The study was conducted on the camels which 

originated from different camel rearing communities found in the surrounding areas 

mainly Borena, Metehara and Wenji. The majority of camel population that usually 

come to the abattoir are from Borena, Minjar, Meiso, Metehara and Shewarobit. 

However, during the period of this study only camels from those three areas were 

slaughtered.  

 

Borena is one of the zones of Oromia region of Ethiopia, about 600 kms South of 

Addis Ababa with semi-arid climate. Camel population in this area has shown double 

increase in number within the past two decades (Aklilu and Catley, 2011). Metehara 

is a town in central Ethiopia located in East Shewa Zone of Oromia region found 

about 250 kms East of Addis Ababa with an elevation of 947 meters above sea level 

and the prevailing climate in this area is arid. The camels from Wenji originated from 

Fentale (Metehara) (CSA, 2005). 

 

Pastoralists in Ethiopia frequently take their camels and pass through these areas 

whereas traders usually buy the camels at live animal markets from the pastoralists 

(Mirkena et al., 2018). Akaki abattoir is the closest abattoir around Addis Ababa that 

provides camel slaughtering service for consumers in the city. The Somali community 

and few other Muslim communities who live in the city are the main consumers of the 

camel meat from this abattoir.  

 

 

3.2.Study population 

 

The study population was camels slaughtered at Akaki municipal abattoir. Everyday 

7-11 camels are slaughtered at the abattoir. About 30 camels are transported form the 
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pastoral areas once or twice per week and stay in a lairage till they are slaughtered 

based on customer demands.  

 

 

3.3.Study Design 

 

Abattoir-based cross-sectional study was used to assess the prevalence of Influenza A 

virus in camels at Akaki municipal abattoir.  

 

3.3.1. Sample size and Sampling method 

 

Since there were no previous studies on prevalence of the virus in camels that could 

be used as a reference, simple random sampling method was used to include all 

possible scenarios. The desired sample size for the study, was calculated using the 

Thrusfield formula (2005) i.e., single population proportion formula with 95% 

confidence interval, 5% absolute precision/margin of error and a 50% of expected 

prevalence was considered.  

  

                                          n= Z2Pexp (1-Pexp) 

                                                          d2 

 

Where; n= estimated sample size  

             Z= 95% CI=1.96  

             Pexp (expected prevalence) = 50%= 0.5  

             d (margin of error) =0.05  

                                 n = (1.96)2 [0.5(1-0.5)]                   

                                                (0.05)2  

                                      n   = 384 

 

The samples were collected whenever new unsampled camels arrive at the abattoir. 

Risk factors of age, sex, breed and origin of the camels were recorded to measure the 

association of these factors with the prevalence of IAV. Breed, age and origin were 

identified by asking the owners (the traders who brought them) and abattoir workers 
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with years of experience regarding camels. In total, 400 nasal swab samples were 

collected. 

 

3.3.2. Sample collection and transportation 

 

First viral transport medium (VTM) aliquots of 1.5ul per tube were prepared at the 

National Influenza Reference Laboratory (NIRL) in Ethiopian Public Health Institute 

(EPHI). At the abattoir, once the animal was fully restrained, nasal swab samples 

were taken using sterile break off plastic polyester tipped swabs. The swabs were 

inserted gently into the camel’s nostrils deep enough and rolled over the mucus 

membrane to scoop enough mucus material. Then the samples were carefully placed 

inside the phosphate-buffered glycerol-based VTM and kept in an ice box with ice 

packs during the field trip and stored at -20°C upon arrival at the NIRL until 

processing.  

 

3.3.3. Questionnaire survey 

 

In order to assess the public health significance of IAV in those who had contact with 

the camels at Akaki municipal abattoir, a questionnaire survey was conducted on the 

abattoir workers and camel traders that bring them to be slaughtered in the abattoir. 

The workers and traders were interviewed face-to-face by means of a structured 

questionnaire (appendix 2). The questionnaire was categorized into: i) socio-

demographic characters and general information, ii) relationship of the participants 

with the camels, iii) personal hygienic practices iv) health history and v) their 

knowledge about the disease. 

 

 

3.4.Laboratory investigation 

 

Following the recommended procedure by CDC (2019b) the nasal swab samples from 

the camels were tested for the presence of IVA genetic material using Reverse 

transcriptase – polymerase chain reaction (RT- PCR). Viral RNA was first extracted 

using QIAamp Viral RNA Mini kit (Qiagen, Hilden, Germany). Extracted RNA was 
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then tested by a RT-PCR assay targeting a conserved region in influenza A matrix 

gene. The principles and procedures of RT- PCR test are described below. 

 

There are three different sections of the molecular lab at NIRL. First there is the 

sample processing room for nucleic acid extraction. Then there is the clean room for 

master mix preparation. And finally, the room for the viral RNA amplification and 

detection. Influenza virus is an RNA virus and can be detected by RT-PCR. Purified 

RNA extracted from respiratory sample is used for detection.  

 

Viral RNA extraction 

In order to detect Influenza A virus types and subtypes, the RNA has to be extracted 

properly from the source sample for PCR analysis as a starting (target) material. Viral 

RNA was extracted from 392 nasal swab samples (8 of the samples had leaked) using 

QIAmp viral RNA mini kit (Qiagen, Dusseldorf, Germany). All extraction procedure 

was carried out in Biosafety Level II (BSL II) biosafety cabinet.  

 

To extract the viral RNA, first a lysis buffer followed by carrier RNA and 140ul of 

VTM containing nasopharyngeal swab was added to a 1.5ml microcentrifuge. After 

incubation for 10 minutes at 20 oC, 95% ethanol (for binding RNA particles) was 

added to the tube and mixed. Then 630uL of the prepared solution was pipetted into 

labeled QIAamp spin columns and was centrifuged so that RNA can attach to the 

membrane of the spin column wall. The spin columns were then placed into a clean 

2ml collection tube and the tube containing the filtrate was discarded. Then two wash 

buffers AW1 and AW2 were added to the spin columns to remove any particles that 

might have attached to the membrane besides the desired RNA. Finally, the RNA was 

eluted RNase free water. The detailed procedures are discussed in appendix 1. The 

tubes containing the sample RNAs were then labeled with sample codes and date and 

transferred to PCR work station. 

 

RT-PCR 

Reverse transcriptase - polymerase chain reaction (RT-PCR) was developed to 

amplify RNA targets of viruses such as IAV. PCR is based on the enzyme Taq 

Polymerase but RNA is not an appropriate substrate for this enzyme. This is why its 
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principle involves first the conversion of the RNA template into a complementary 

DNA (cDNA) using an enzyme called reverse transcriptase. The cDNA is then used 

as a template for exponential amplification using PCR. Although IAV genomic 

sequences vary widely across subtypes and species-specific virus groups, the ‘M’ 

gene segment is relatively highly conserved. Therefore, the presence of IAV can be 

evaluated by using RT-PCR with primers that recognize the M gene of viruses of all 

subtypes (WHO, 2011).  

 

For this study a one-step RT-PCR was performed in which the same reaction tube was 

used for the reverse transcription as the polymerase chain reaction. First, 20ul of the 

prepared master mix which contains reverse transcriptase enzyme, primers specific 

for the target of interest, and nucleotides (dATP, dCTP, dGTP and dTTP) was added 

to a 96 PCR well plate in master mix room. Then 5ul of the extracted sample was 

added on it in sample addition room. The primers and probes specific to IAV were 

used to detect that specific type in a short time period.  

 

Depending on the master mix kit manufacturer’s instruction, the RT-PCR was set at 

specific temperature and time in order to properly do its annealing, denaturation and 

extension activities. If the target is present, primers anneal to the RNA strand then 

reverse transcriptase enzyme can synthesize a cDNA strand, extending from the 

primer. With each repetition of this cycle, the target is doubled and soon, after about 

30 cycles, the reaction will yield an excess of 1 million copies of the target RNA 

fragment (Eisfeld et al., 2014). 

 

The specific probes used consistent with the amplified nucleic acids have a reporter 

and quencher dye. The reporter dyes release fluorescent light as soon as it binds to an 

amplified DNA section. This released light is captured by the PCR sensor and 

conveyed as cycle threshold (Ct) value. A sample will be considered positive for 

influenza A virus if the amplification growth curve passed the threshold within 40 

cycles (Ct value < 40) and if the Ct value > 40, it is considered negative (Eisfeld et 

al., 2014) (detailed procedures are mentioned in appendix 1).  
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3.5.Ethical consideration  

 

The study research protocol was reviewed and approved by the departmental research 

and ethics review committee for animal subjects of College of Veterinary medicine 

and Agriculture; Addis Ababa University. Ethical clearance was also obtained from 

Ethiopian Public Health Institute for human study subjects. The privacy and 

confidentiality of each individual participant was ensured. Personal name and any 

identifier of the participants was not revealed at any stage of the research project. 

 

 

3.6.Data Management and Statistical Analysis  

 

All the collected data was entered into excel spread sheet and analyzed descriptively 

(frequency and percentage) using IBM SPSS statistics version 20. The results were as 

summarized and presented using table and graph.  
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4. RESULTS 

 

 

In this study, 8 of the collected 400 nasal swab samples were not tested because the 

collection tubes had leaked by the time of testing. During the sample collection 

period, the dromedary camels that came to Akaki municipal abattoir originated from 

three areas; Borena, Metehara and Wenji. From the gathered data by asking the 

traders and experienced workers at the abattoir, the camels were categorized in two 

breeds; Afar and Borena. Of the tested 392 nasal swab samples, 44.39% were males 

and 55.61% were females. The mean age of the study camels was 11.76 years 

(ranging from 6 – 24 years). The age groups of the study subjects were categorized 

into two groups; the adults aged between 10 – 24 years and the young ones aged 

between 6 – 9 years old. The characteristics of the study population are summarized 

in table 1. 

 

Table 1:  Characteristics of sample population 

CATEGORY 
 

No. of camels examined n=392 

SEX Male 174 (44.39%) 
 

Female 218 (55.61%) 

AGE Young 130 (33.16%) 
 

Adult 262 (66.84%) 

BREED Borena 224 (57.14%) 
 

Afar 168 (42.86%) 

ORIGIN Borena 212 (54.08%) 
 

Metehara 111 (28.32%) 
 

Wenji 69 (17.6%) 

 

 

The RT-PCR test result showed that all the samples were negative for IAV.  
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Out of the 12 abattoir workers that were interviewed, 10 (83.3%) were male and 2 

(16.7%) of them were females. Half of them 6(50%) were in the age group 31-40, 

while the rest were in the group 21-30 and >40 years accounting 25% each. When it 

comes to level of education, 2 (16.7%) of them were illiterate, 4 (33.3%) of them have 

attended school up to 8th grade, 3 (25%) of them up to 12th grade and 2 (16.7%) of 

them have acquired higher education. The 12 abattoir workers were the only ones that 

had contact of any form with the camels that came to the abattoir. Each one of them 

was interviewed with 25 questions used for assessment. The results of the 

questionnaire survey on the workers are indicated in the following tables. 
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Table 2: General information on workers at Akaki municipal abattoir 

 

QUESTIONS RESPONSE

S N=12 

      

Gender Male Female 
     

 10 (83.3%) 2 (16.7%)      

Age 15-20 21-30 31-40 >40    

 N=0 3 (25%) 6 (50%) 3 (25%)    

Level of education Illiterate Grade 1-8 Grade 10-12 Grade >12    

 2 (16.7%) 4 (33.3%) 3 (25%) 2 (16.7%)    

Type of animals in your vicinity Camels Cattle Equine Shoat Chicken Swine None  
1 (8.3%) 4 (33.3%) 1 (8.3%) 2 (16.7%) 2 (16.7%) N=0 2 (16.7%) 

Camel contact with other animals Yes   No  Sometimes    
N=0  10 (83.3%)  2 (16.7%)   

Camel contact with objects used by animals  Yes    No    Sometimes     
N=0  12 (100%)  N=0   

Average time in lairage before slaughter 24hrs  3-4 days  >1 week  months     
5 (41.7%) 2 (16.7%) 5 (41.7%) N=0    

Animal access to camel lairage Yes  No  Sometimes    
N=0  11 (91.7%)  1 (8.3%)   

 

 

 

 

 

 



28 
 

Table 3: Worker relationship with camels (frequency) 

QUESTIONS RESPONSES 

N=12 

    

 Never Rarely Daily Weekly Monthly 

Contact with camels N=0 6 (50%) 5 (41.7) 1 (8.3%) N=0 

Cleaning lairage 4 (33.3%) 5 (41.7%) 1 (8.3%) 1 (8.3%) 1 (8.3%) 

Contact with camel waste 3 (25%) 4 (33.3%) 3 (25%) 2 (16.7%) N=0 

Camel slaughtering N=0 6 (50%) 6 (50%) N=0 N=0 

Unloading camels 4 (33.3%) 6 (50%) 2 (16.7%) N=0 N=0 

Feeding camels 5 (41.7%) 3 (25%) N=0 2 (16.7%) 2 (16.7%) 

Contact with sick camels Yes: 1 (8.3%) No: 11 (91.7%)    

Consumed Raw milk/meat Rarely: 1 (8.3%) Daily: N=0  Weekly: 1 (8.3%) Never: 10 (83.3%)  

Went to live animal market Rarely: 2 (16.7%) Daily: N=0 Weekly: 2 (16.7%) Never: 8 (66.7%)  

 

Table 4: Hygienic practices of workers 

QUESTIONS RESPONSES 

N=12 

     

Use of protective gear Full gear Gloves Face mask Boots Protective cloths None 

 N=0 N=0 N=0 3 (25%) 8 (66.7%) 1 (8.3%) 

Washing hands At mealtime Before & after contact  After rest room Beginning & end of the day Sometimes  

 N=0 12 (100%) N=0 N=0 N=0  

Hair  Covered  Not covered     

 10 (83.3%) 2 (16.7%)     

Jewelry  Worn  Not worn     

 1 (8.3%) 11 (91.7%)     
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Table 5: Health history of workers 

QUESTIONS RESPONSES 

N=12 

      

Signs of fever or coughing Yes: N=0 No: 12 (100%)      

Resp. dis. in the last 12 

months 

Yes: N=0 No: 12 (100%)      

Visited/ stayed at a hospital 

due to Resp. dis. 

Yes: N=0 No: 12 (100%)      

Contact with someone with 

resp. dis. 

Yes: 1 (8.3%) No: 11 (91.7%)      

Smoking status Don’t smoke 1-2times/day 3-10 times/day >20times/day Rarely   

 N=10/12(83.3%) N=0 N=2/12(16.7%) N=0 N=0   

Any symptoms of IAV  Fever Headache Fatigue Dry cough Sore throat Runny nose None 

 N=0 N=0 N=1/12(8.3%) N=0 N=1/12(8.3%) N=0 N=10/12(83.3%) 

 

 

Table 6: Knowledge assessment on workers 

QUESTIONS RESPONSES 

N=12 

 

Awareness of the disease  Yes: 12 (100%) No: N=0 

Possibility of zoonotic transmission Yes: N=0 No: 12 (100%) 

Received training about food safety Yes: 10 (83.3%) No: 2 (16.7%) 
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According to those in charge at the Akaki abattoir these 7 traders were their longtime 

customers and they have camel meat shops around 22 Megenagna through which they 

supply to consumers. They were all given the questionnaire paper and the results are 

summarized in table 2. Of the 7 traders, 4 (57.1%) of them were males and 3 (42.9%) 

of them were females. While 3 (42.9%) of them were in the age group of 31-40, the 

other 2 (28.6%) were in the group 21-30 and the other 2 (28.6%) were above 40 years 

old. While none of them have acquired a higher education, 3 (42.9%) of them were 

illiterate, 2 (28.6%) of them have learned up to 8th grade and the other 2 (28.6%) have 

learned up to 12th grade. The results of the questionnaire survey on the traders are 

indicated in the following tables. 
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Table 7: General information about camel traders 

QUESTIONS RESPONSES 

N=7 

      

Gender Male Female 
     

 4 (57.1%) 3 (42.9%)      

Age 15-20 21-30 31-40 >40    

 N=0 2 (28.6%) 3 (42.9%) 2 (28.6%)    

Level of education Illiterate Grade 1-8 Grade 10-12 Grade >12    

 3 (42.9%) 2 (28.6%) 2 (28.6%) N=0    

Type of animals in your vicinity Camels Cattle Equine Shoat Chicken Swine None  
1 (8.3%) N=0 1 (8.3%) 2 (28.6%) N=0 N=0 3 (42.9%) 

Camel contact with other animals 
 

Yes  
 

No 
  

Sometimes   
N=0 

 
7 (100%) 

  
N=0 

Camel contact with objects used by animals 
 

Yes  
 

No 
  

Sometimes   
N=0 

 
7 (100%) 

  
N=0 

Average time camels stay with trader 
 

24hrs  3-4 days  >1 week  months DK 
 

  
N=0 5 (71.4%) 2 (28.6%) N=0 N=0 
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Table 8:  Trader relationship with camels (frequency) 

QUESTIONS RESPONSES 

N=7 

    

 
Never Rarely Daily Weekly Monthly 

Contact with camels 1 (14.3%) 4 (57.1%) N=0 2 (28.6%) N=0 

Cleaning lairage 3 (42.9%) 4 (57.1%) N=0 N=0 N=0 

Camel slaughtering 3 (42.9%) 4 (57.1%) N=0 N=0 N=0 

Loading and unloading camels 2 (28.6%) 5 (71.4%) N=0 N=0 N=0 

Feeding camels 3 (42.9%) 4 (57.1%) N=0 N=0 N=0 

Contact with sick camels Yes: N=0 No: 7 (100%)    

Consumed Raw milk/meat Rarely: 1 (14.3%) Daily: N=0  Weekly: 2 (28.6%) Monthly:  2 (28.6%) Never:  2 (28.6%) 

Went to live animal market Rarely: N=0 Daily: N=0 Weekly: 6 (85.7%) Monthly: N=0 Never: 1 (14.3%) 

 

 

Table 9: Hygienic practices of the traders 

QUESTIONS RESPONSES 

N=7 

     

Use of protective gear Full gear Gloves Face mask Boots Protective cloths None  
N=0 N=0 N=0 N=0 4 (57.1%) 3 (42.9%) 

Washing hands At mealtime Before & after 

contact with animals 

After using 

rest room 

Beginning & 

end of the day 

Sometimes 
 

 
N=0 6 (85.7%) N=0 N=0 1 (14.3%) 

 

Hair  Covered Not covered     

 4 (57.1%) 3 (42.9%)     

Jewelry  Worn  Not worn     

 2 (28.6%) N=5/7(71.4%)     
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Table 10: Health history of the traders 

QUESTIONS RESPONSES 

N=7 

      

Contact with someone with 

resp. dis. 

Yes: N=0 No: 7 (100%) 
 

 
   

Signs of fever or coughing Yes: N=0 No: 7 (100%) 
 

 
   

Resp. dis. in the last 12 months Yes: N=0 No: 7 (100%) 
 

 
   

Visited/ stayed at a hospital due 

to Resp. dis. 

Yes: N=0 No: 7 (100%) 
 

 
   

Smoking status Don’t smoke 1-2times/day 3-10 times/day >20times/day Rarely 
  

 
5 (71.4%) 2 (28.6%) N=0 N=0 N=0 

  

Any symptoms of IAV Fever Headache Fatigue Dry cough Sore throat Runny nose None  
N=0 N=0 N=0 N=0 1 (14.3%) N=0 6 (85.7%) 

 

 

Table 11: Knowledge assessment on camel traders 

QUESTIONS RESPONSES 

N=7 

 

Awareness of the disease  Yes: 7 (100%) No: N=0 

Possibility of zoonotic transmission Yes: 2 (28.6%) No: 5 (71.4%) 

Received training about food safety Yes: 2 (28.6%) No: 5 (71.4%) 
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5. DISCUSSION 

 

 

In the present study the prevalence of Influenza virus infection in camel was zero. 

This study has produced a negative result compared to a previous work done in 

Ethiopia by Chu et al., 2019 where only 1 positive result was found of the 102 nasal 

swab samples collected from Amibara district of Afar region from January – July 

2017. The possible reason for not detecting the virus in this study might be related to 

the difference in site where Chu et al detected the virus in Amibara district of Afar 

region and in current study no camels where from these sites. Similarly, since 

serological assessment were not done because of lack of laboratory facility, status of 

previous exposure of the camels to Influenza A virus cannot be determined at this 

time. In addition, to the difference in geographic location of the origin of camel, the 

state of the infection might be another factor as the detection of Influenza A virus in 

nasal swab can be possible if the infection is recent (less than one week) before the 

natural immunity develop. 

 

Recent infections (less than a week) could be detected using RT- PCR, infections that 

have lingered for longer than a week cannot be identified (would be negative by RT- 

PCR) since by then the camel’s natural immunity would have restricted the viral 

replication (Abdellatif et al., 2014; Krammer et al., 2018).  In this case, serological 

tests should be done to check for the presence of specific antibodies produced by the 

camels as a result of previous infection (Malanoski and Lin, 2013; Dziąbowska et al., 

2018). However, in this study serology studies were not conducted because the 

desired test kits were not available at NIRL of Ethiopian Public Health institute nor at 

NAHDIC and National Veterinary Institute. The laboratories were also overcrowded 

with samples from COVID-19 suspected patients that they were not able to cooperate 

with other studies. 

 

Influenza A viruses from animal sources are different from seasonal influenza viruses 

in humans and do not spread readily between humans unless they acquire the 

sufficient mutation over a period of long frequent exposure (Geoghegan et al., 2017). 

However, zoonotic influenza viruses that do affect humans by direct or indirect 

contact can cause illness ranging from minor illness to death in humans (WHO, 
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2020). A questionnaire survey was conducted at Akaki municipal abattoir workers 

and the traders who bring the camels to assess the public health significance of IAV in 

relation to the camels. 

 

Generally, the workers have been doing abattoir related work associated with camels 

for a significant period of time ranging from 1 year to over 15 years. The 

questionnaire survey result from the abattoir workers showed that there were other 

animals living near the living areas of all except for the two of them. This shows that 

most of the workers in addition to their occupation, they are constantly living under a 

condition that serves as a hot spot (Paige et al., 2015) for emerging and re- emerging 

diseases to jump from one species to another (Neumann and Kawaoka, 2015; 

Krammer et al., 2018; Bailey et al., 2018).  

 

At the abattoir, in addition to camels other animals like cattle, sheep and goats are 

also slaughtered. Not too far from the center there is a large poultry market that can 

serve as a source of the virus (Thangavel and Bouvier, 2014; Richard, M., and 

Fouchier, 2016) and camels may be exposed when there is delay during unloading of 

the camels. As a recent study shows cattle (Sreenivasan et al., 2019) can also be 

carriers of the influenza A viruses. Only 2 of them said there might be a chance other 

animals in the abattoir may have access to the camels’ lairage on occasions when 

there are too many animals at the abattoir. As mentioned by many researchers 

(Reperant et al., 2012; Mostafa et al., 2018; Mollentze, N., and Streicker, 2020; 

Johnson et al., 2020), intensification of multi-species of animals and overcrowding of 

human populations are one of the major risk factors for emergence of zoonoses. 

 

On average, the camels spend about 4 days in the lairage and during that time the 

majority of the workers come in close contact with the camels while cleaning the 

lairage, feeding and watering them, or while unloading the camels. All these show 

how closely to the camels are the daily lives of the workers where there is an 

increased frequency of contact which is another critical point in which many diseases 

may find their way into the human population (Reperant et al., 2012; Bueno et al., 

2015; Mollentze, N., and Streicker, 2020). All of them said the camels and the other 

animals have no chance of sharing similar materials. However, it was observed that 

the camels were slaughtered in the same place as the other animals which poses 
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another critical point where contamination of carcasses can take place (Edmunds et 

al., 2013; Savelli et al., 2019).  

 

Regarding consumption of raw camel meat and milk, only 2 of them do so once in a 

while. It can be said that these 2 consumers are at risk of not only of getting IAV but 

also for other foodborne diseases (Van Kerkhove et al., 2011; European Food Safety 

Authority (EFSA) et al., 2018; Faour-Klingbeil and Todd, 2019). In this case, the 

chance of exposure to the virus from live animal market is lower as only 4 of them go 

there as rarely as once in a month (Pusch and Suarez, 2018).  

 

When it comes to the use of protective equipments, the work cloths they have was 

made of hard fabric yet could only cover them from grossly visible dirt getting on 

their skin. Although they wash it regularly, it is not enough to protect them from 

zoonotic diseases that use air and physical contact as mode of transmission.  Proper 

protective cloths like plastic gowns, gloves, face masks and hair masks must be made 

available not only to protect themselves but also to prevent risk of reverse zoonoses 

(Nel et al., 2004; Kim et al., 2014; Abdullahi et al., 2016).  

 

Almost all of them were aware of the presence of influenza among humans but none 

of them knew they could possibly get it from camels. Except the 2 recently hired 

workers they all said they have received some form of training regarding hygienic 

practices in abattoir. Despite this fact, they were not able to practice what they learned 

due to the inconvenient way the abattoir is constructed as it is located in the middle of 

a crowded town and it lacks a good clean water and waste drainage system.  

 

Only 2 of them said they smoke 3-10 times a day which may have resulted in one of 

them having a sore throat since the person did not check any of the other boxes 

mentioned as symptoms of IAV. One of them said he has extreme fatigue which may 

be related to the hard labor he does at the abattoir. 

 

In a similar manner as the abattoir workers, more than half of them had other animals 

living close to their living areas. The average time the camels stay with them is 3-4 

days which is more than enough time for the virus to transmit to human population. 

Just like the abattoir workers these traders also have frequent contact with the camels 
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from the time they buy them from the pastoralists to the stage where they supply the 

meat to the consumers. This close human – animal interface puts them at risk of many 

zoonotic diseases (Neumann and Kawaoka, 2015; Krammer et al., 2018). 

 

When it comes to consumption of raw camel meat and milk, 5 of them said they do so 

either on a weekly or a monthly basis which indicates a higher risk of getting the virus 

through this means (Faour-Klingbeil and Todd, 2019). Almost all of them frequently 

go to live animal markets where many animal species interact and therefore create a 

hot spot for cross-species transmission of diseases (Esteban, 2010). 

 

Regarding the use of proper protective cloths, 4 of the participants responded that they 

use nothing but their bear hands when they handle the camels showing the need for 

supply and training regarding safety measures. Except one, all of them wash their 

hands before and after they make any form of physical contact with the camels which 

should be encouraged.  

 

Of the symptoms of flu infection only one of them said they have a sore throat which 

may be related to his smocking habit. All of the interviewed traders had knowledge of 

the disease but only 2 of them knew of the potential of respiratory disease like IAV 

transmission from animals like camels because they had received a training related to 

husbandry practices in animal handling. This show how little work is done among the 

participants regarding awareness creation about zoonoses and food safety measures. 

 

 

Limitations of the study 

 

One of the major limitations of this study was that serology tests were not done to 

check for the presence of antibody production by the camels against IAV.  
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6. CONCLUSION AND RECOMMENDATIONS 

 

 

In the present study Influenza viral RNA was not detected in none of the nasal swab 

samples. However, the zoonotic importance of the disease is not something that can 

be neglected due to the potential risk factors at Akaki municipal abattoir such as the 

high frequency of contact with the camels as well as consumption of raw camel meat 

and milk and lack of appropriate personal protective equipments. In addition, RNA 

viruses are known to have high mutation rates that can enable them to cross-species 

given a suitable condition. This can then lead to unexpected outbreaks that can 

jeopardize the health of the workers and those involved as well as have impact on the 

nation’s economy through restriction of export trade of camel.                        

 

Based on the above conclusion, the following points are recommended: 

 

• Serology tests should be done to study the occurrence of antibodies in the 

camels’ serum.  

• Further surveillance of IAV infection in camels at camel rearing areas should 

also be conducted in order to understand the potential risk factors for infection 

and transmission between camels and human populations. Expanded research 

on camels from previously Influenza A virus detected sites mainly Afar region 

should be carried out. 

• Awareness creation programs should be in place to update the public 

knowledge about the zoonotic importance of Influenza A virus and preventive 

measures such as the use of proper protective equipments, food safety and 

hygienic measures. 

• Finally, surveillances systems concerning IAV should be strengthened with 

long term objectives and should encompass its effects and potential jump to 

other species besides the already known hosts. 
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8. APPENDICES 

 

 

Appendix1: Laboratory procedures 

 

Principle lof lRNA lextraction: l 

QIAamp lViral lRNA lMini lKits lare lwell-engineered lhigh-tech lproducts lfor lgeneral-use 

lviral lRNA lextraction. lThe lkit luses lthe lselective lbinding lproperties lof la lsilica-based 

lmembrane lwith lthe lspeed lof lmicrospin lor lvacuum ltechnology land lis lhighly lsuited lfor 

lsimultaneous lprocessing lof lmultiple lsamples. lThe lspecial lQIAamp lmembrane 

lguarantees lextremely lhigh lrecovery lof lpure, lintact lRNA lin ljust ltwenty lminutes 

lwithout lthe luse lof lphenol/chloroform lextraction lor lalcohol lprecipitation. lAll lbuffers 

land lreagents lare lalso lguaranteed lto lbe lRNase-free. l 

 

The lprocess linvolves lthe lsample lbeing llysed lunder lhighly ldenaturing lconditions lto 

linactivate lRNases land lto lensure lisolation lof lintact lviral lRNA. lBuffering lconditions lare 

lthen ladjusted lto lprovide loptimum lbinding lto lthe lQIAamp lmembrane, land lthe lsample 

lloaded lonto lthe lQIAamp lspin lcolumn. lThe lRNA lbinds lto lthe lmembrane land lthe 

lcontaminants lare lwashed lin ltwo lsteps lusing ltwo ldifferent lwash lbuffers. lHigh lquality 

lRNA lis leluted lin la lspecial lRNase-free lbuffer, lready lfor ldirect luse lor lsafe lstorage. 

 

Materials land lReagents lused: 

1. QIAamp lviral lRNA lextraction lkit lcontaining; 

a. QIAamp lspin lcolumns 

b. Collection ltubes 

c. Buffer lAVL 

d. Buffer lAW1 

e. Buffer lAW2 

f. Buffer lAVE 

g. Carrier lRNA l(ploy lA) 

2. lEthanol l(96-100%) 

3. lMicro-centrifuge ltubes l(1.5mL) 

4. lMicropipette l5ul,10ul,20ul,200ul,1000ul lcapacity 

5. lSterile, lRNase-free lpipette ltips lwith laerosol lbarrier(filter) 
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6. lPermanent lmarker lpen 

7. lPowder lfree lDisposable lgloves, lgown 

8. lMicro-centrifuge 

9. lVortex 

10. lMasks 

11. lTimer 

12. lRNaseZAP,70%alcohol, lpaper ltowel(napkin) l-for lcleaning land ldisinfection 

13. lMicrocentrifuge lracks l2-3 l 

 

RNA lextraction lprocedure lfrom lnasal lswab lsamples: l 

1. The lsample lis lfirst llysed lunder lhighly ldenaturing lconditions lto linactivate lRNases 

land lto lensure lisolation lof lintact lviral lRNA lby ladding l560μl lof llysis lbuffer land 

l5.6ul lcarrier lRNA linto la l1.5ml lmicrocentrifuge ltube, l 

2. Add l140uL lof lcell lculture lsupernatant lor lVTM lcontaining lnasopharyngeal lswab lto 

lthe lBuffer lAVL/Carrier lRNA lin lthe lmicro-centrifuge ltube. lMix lby lpulse-vortexing 

lfor l15 lsec. 

3. Incubate lat lroom ltemperature lfor l10 lminutes land lCentrifuge lbriefly lthe l1.5mL 

lmicro-centrifuge ltube lto lremove ldrops lfrom lthe linside lof lthe llid. 

4. Add l560uL lof lethanol l(96-100%) lto lthe ltube lcontaining lsample land lBuffer 

lAVL/Carrier lRNA lin lorder lto lprovide loptimum lbinding lof lthe lRNA lto lthe 

lQIAamp lmembrane, land lmix lby lpulse-vortexing lfor l15sec. lBriefly lcentrifuge lthe 

l1.5mL lmicro-centrifuge ltube lto lremove ldrops lfrom lthe linside lof lthe llid. 

5. Open lthe lrequired lnumber lof lQIAamp lspin lcolumns lfrom lthe lpaper land lplastic 

lwrapper land llabel lwith lsample lidentification lnumber. lPipette l630uL lof lthe 

lsolution lfrom lstep l4 labove linto la llabeled lQIAamp lspin lcolumn lwithout lwetting lthe 

lrim. lClose lthe lcap lof lthe lQIAamp lspin lcolumn. lRepeat lthis lstep lfor lall lthe lsamples. 

lThen lcentrifuge lat l6,000g l(8,000 lrpm) lfor l1 lminute. 

6. The lRNA lbinds lto lthe lmembrane, land lcontaminants lare lefficiently lwashed laway lin 

ltwo lsteps lusing ltwo ldifferent lwash lbuffers. l 

7. Place lthe lQIAamp lspin lcolumn linto la lclean l2mL lcollection ltube l(provided lin lkit). 

lThe lcollection ltubes lcontaining lthe lflow lthrough lwill lbe ldiscarded linto ljar 

lcontaining ldisinfectant land la lnew lcollection ltube lwill lbe lreplaced. 

8. Pipette l500uL lof lthe lfirst lwash lbuffer lAW1 lto lall lthe lQIAamp lspin lcolumns. lClose 

lthe lcaps land lcentrifuge lat l6,000g l(8,000 lrpm) lfor l1 lminute. lPlace lthe lQIAamp lspin 
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lcolumn lin la lclean l2mL lcollection ltube l(provided lin lkit) land ldiscard lthe ltube 

lcontaining lthe lfiltrate linto ljar lcontaining ldisinfectant. 

9. Pipette l500uL lof lthe lsecond lwash lbuffer lAW2 lto lall lthe lQIAamp lspin lcolumns. 

lClose lthe lcaps land lcentrifuge lat lfull lspeed l20,000g l(14,000rpm) lfor l3 lminutes lto 

lensure lcomplete lremoval lof lthe lwash lbuffer lusing lnew lcollection ltubes. lThe lflow 

lthrough lwill lthen lbe ldiscarded. 

10. Place lthe lQIAamp lspin lcolumn lin la lclean l1.5mL lmicro-centrifuge ltube l(not 

lprovided). l 

11. Carefully lopen lthe lQIAamp lspin lcolumn land ladd l60uL lof lAVE l(RNase-free lwater) 

lequilibrated lto lroom ltemperature lto lelute lhigh-quality lRNA. lClose lthe lcap land 

lincubate lat lroom ltemperature lfor l1minute. lThen lcentrifuge lat l6,000g l(8,000rpm) 

lfor l1 lminute. 

12. Store lextracted lviral lRNA l(elute) lat l-80oC lor lproceed lto lperform lRT lPCR. 

The lextracted lRNA lsamples lwill lthen lbe ltaken lto la lbiosafety llevel l2 lvirology 

llaboratory lin lthe linstitute lfor lthe lRT-PCR lprocedure. lThe lpurified lRNA lis lfree lof 

lprotein, lnucleases, land lother lcontaminants land linhibitors. 

 

Principle lof lRT-PCR: l 

Real ltime lreverse ltranscription-polymerase lchain lreaction l(RT-PCR) lis lused lto 

lquantify lRNA. lIn l1-step lRT-PCR, lreverse ltranscription land lthe lPCR lis lperformed lin la 

lsingle lbuffer lsystem. lThe lreaction lproceeds lwithout lthe laddition lof lreagents lbetween 

lthe lRT land lPCR lsteps. l1-step lRT-PCR loffers lthe lconvenience lof la lsingle-tube 

lpreparation lfor lRT land lPCR lamplification. l 

Its lprinciples lcan lbe lsummarized las: 

 

Denaturation: lWhen lRNA lmolecule lis lheated lto l95 l
oC, lthe lprimers lcan laccess lthe 

lsingle lstranded lRNA l(ssRNA) ltemplates. 

Annealing: lThe lreaction lmixture lis lcooled l(about l50oC) lto lallow lprimers lto lselect land 

lbind l(hybridize) lto ltheir lcomplementary lpositions lon lthe lssRNA ltemplate lmolecules. 

Elongation: lThe lssRNA/primer lsolution lis lheated lto l95oC. lIn lthe lpresence lof lthe lheat 

lstable lpolymerase, lPCR lbuffer, ldNTP’s land lROX ldye, lthe lreplication lprocedure 

lbegins. lWith leach lrepetition lof lthis lcycle, lthe ltarget lis ldoubled land lsoon, lafter labout l30 
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lcycles, lthe lreaction lwill lyield lin lexcess lof l1 lmillion lcopies lof lthe ltarget lRNA 

lfragment. lIt lwas lthen lcooled lto l58 l
oC. 

Master lmix lpreparation: l 

Master lmix lreagent lshould lbe lprepared lfresh lfor leach lbatch/run. lthe lreagent lvolume 

lcalculation lis lperformed lbefore lthe lstart lbased lon lthe lno lof lsamples lanalysed lper lrun 

land lthe lkit ltype. lMaster lmix lwas lprepared lusing lAmbion lAgPath lEnzyme lKit lreagents 

lto ldetect lflu ltype lA. 

Procedure lof lRT-PCR: 

 

1. Set lup la lcDNA lsynthesis l(reverse ltranscriptase) lreaction las ldescribed lbelow: 

 

Reagents Volume lof lreagent 

ladded lper lreaction 

l(ul) 

Amount lcalculated lfor 

l(N+1) lreactions lfor 

lIAV l(N+2=100) 

2x lmaster lmix N lx l12.5 1250 

Nuclease lfree lwater N lx l6.25 625 

Forward lprimer N lx l0.25 25 

Reverse lprimer N lx l0.25 25 

Probe N lx l0.5 50 

RT-PCR lenzyme 

lmix 

N lx l0.25 25 

Total N lx l20 2000ul 

 

2. Vortex lto lmix, lincubate lat lroom ltemperature lfor l10 lminutes, land lthen lat l42°C lfor lat 

lleast l15 lminutes. 

3. Deactivate lthe lreverse ltranscriptase lby lincubating lat l95°C lfor l5 lminutes, land lthen 

lchill lthe lreactions lon lice. 

4. Set lup lthe lRT-PCR lreaction lin la lMicroAmp lfast loptical l96-well lreaction lplate las 

ldescribed lin lthe lfollowing ltable. lThe lPrimer/Probe lMaster lMix lcontains 

lprimer/probe lsets lagainst lhighly lconserved lregions lof lthe lIAV lM lgene. 

5. Perform lthe lIAV lM-gene lspecific lRT-PCR lin la lreal-time lthermocycler las 

ldescribed lbelow: 
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6. When lthe lreaction lis lcomplete, lview lthe lamplification lplots laccording lto lthe lreal-

time lapparatus lmanufacturer’s linstructions. lEnsure lthat lthe lthreshold lis lset ljust 

labove lthe lbackground lsignal land lRT-PCR. 

 

The loutcomes lof lreal-time lRT-PCR lanalyses lare ldetermined lby ldetecting lthe 

lnormalized lreporter l(Rn) lvalue lfor levery lreaction. l 

 

Rn l= lfluorescence lof lthe lFAM™ ldye l/fluorescence lof la lpassive lreference ldye 

l(ROX™) 

 

Results lare lthen lreported las la lCt l(cycle lthreshold) lvalue, lwhich lis lthe lsum lof lcycles 

lneeded lfor lthe lRn lvalue lto linterconnect lwith lthe lthreshold lline, land lit lshows lthe 

lrelative lconcentration lof ltarget lRNA lin lthe lreaction. lA lcharacteristic lCt lvalue lfor la 

lpositive lIAV lRNA lamplification lis l< l35.0, land lthe lRn lvalue lought lto ldisplay la 

lsigmoidal lcurve. lAny lCt lsignal labove l35 lcycles lmay lbe lconsidered lsuspect land lrequire 

lverification. l 

 

Result linterpretation: 

• CT lvalue l< l40 l= lPositive lfor lspecific lflu ltype lor lsubtype 

• CT lvalue l> l40 l= lNegative lfor lspecific lflu ltype lor lsubtype 
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Appendix 2: RT-PCR result of the camels 

 

                                                                                                                lRn lVs lCycle 

 

 lCamels lIAV lnegative lsamples lPCR lamplification lgraph 

 

 

 

 

 

 

 

 

 

 

 

Positive control IAV tested samples 

Negative control 
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Appendix 3: Questionnaire survey form for human exposure risk assessment of 

Influenza A virus 

 

1. General linformation lof lsubject: 

Date lof linterview l(dd/mm/yyyy): l l____/____/____ lName lof linterviewer: l__________ 

Participant lName: l_____________________ lID lNumber: l(I/HH/V/D): l___________ l l l 

l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 

Residence lRegion: l__________Zone:_______District_________Village:__________ 

Gender l(circle lone): l l l  l l lMale l l l l  l lFemale l l l lAge: l____ lOccupation: l____________ 

Level lof leducation: l____________________ 

 

1.1.Which lof lthe lfollowing lanimals lare lraised lnear lyour lliving larea? l(check lall lthat lare 

lthere) l l l l 

 l l l l l l l  lCamels l l  lGoats l l  lSheep l l  lCattle l l l  lHorses l l  lDonkey l l l  lChickens l l l l l l l l l l l l l 

l  lPigs l  lNone 

1.2.Do lyou lpersonally lprovide lcare lfor lcamels lthe labattoir? l  lYES l l  lNO l l l l l 

1.3.If l“yes”, lhow llong lhave lyou lbeen ldoing lcamel lrelated lwork? 

____________________________ l 

1.4.Is lthere la lchance lthe lcamels lmight lcome lin lcontact lwith lother lanimal lat lthe labattoir 

lor lnear lthe larea? 

 lYes, lthere lis la lchance l l l l l l  lNo l l l l l l l l  lOn lrare loccasions 

1.5.Is lthere la lway lthe lcamels lmight lcome lin lcontact lwith lmaterials lused lfor lother 

lanimals lin lthe labattoir? 

 l l l l l l  lYes, lthere lis la lchance l l l l l l  lNo l l l l l l l l  lOn lrare loccasions 

1.6.On laverage lhow llong ldo lthe lcamels lstay lin lthe labattoir’s llairage? 

 l24hrs l l l  l3-4 ldays l l l l  l> la lweek l l l l l  lmonths 

1.7.Can lother lanimals laccess lthe lcamel’s llairage? 

 lYes, lthere lis la lchance l l l l l l  lNo l l l l l l l l  lOn lrare loccasions 
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2. Worker lrelationship lwith lthe lcamels l(frequency lof lcontact) 

 

2.1.On laverage, lover lthe llast l12 lmonths, lhow loften ldo lyou ldo lthe lfollowing lactivities? l 

l(use l“√” lsign lto lindicate lyour lresponse) 

 

Activity l l Never Rarely Daily Weekly Monthly 

Contact lwith lcamels      

Cleaning lcamels’ llairage      

Handel lanimal lwaste l l l      

Slaughter lcamels lor lassist lin lslaughtering l l 

l 
     

Unloading lcamels      

Feeding lor lwatering lcamels      

 l l l l l 

2.2.In lthe lpast l12 lmonths, lhave lyou lhad ldirect lcontact lwith lany lsick lcamels? l 

 lYES l l l l l l l l l l  lNO l l 

2.3.If lyes, ldo lyou lknow lif lany lof lthe lcamels ldied lof lan lillness? l l l l l l 

 l  lYES l l l l l l l l l l  lNO l l 

2.4.In lthe lpast l12 lmonths, lhave lyou ldrunk lraw lcamel lmeat lor lmilk? l l l l l l 

 l l l l l l l l l l l l l l l l l l l l l  lYES l l l l l l l l l l l l l l l l  lNO l l l l l l l l l l  lDon’t lKnow l l 

2.5. lIf lyes, lhow lfrequently ldo lyou lconsume lraw lcamel lmilk lproducts? l l l l l 

 l l l l l l l l l l l  lRarely l(not leven lonce la lmonth) l l l l l l l l  lMonthly l(at lleast lonce la lmonth) l 

 l l l l l l l l l l l  lWeekly l(at lleast lonce la lweek) l l l l l l l l l l l  lDaily l l 

2.6.In lthe llast l12 lmonths lhave lyou lvisited la llive lanimal lmarket? l 

 lYES l l l l l l l l  lNO l 

2.7. lIf lyes, lon laverage lover lthe llast l12 lmonths, lhow lfrequently ldo lyou lgo lto llive lanimal 

l l l l lmarkets? l l 

 l l l l l l l l l l l l l l l l  lRarely l(not leven lonce la lmonth) l l l l l  lMonthly l(at lleast lonce la lmonth) l 

 l l l l l l l l l l l l l l l l  lWeekly l(at lleast lonce la lweek) l l l l l l l l  lDaily l l l l 

 

 l l l l l l l l l l l l l l l l l l l l l l 
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3. Personal lProtective lEquipment land lHygiene lPractices l 

 

3.1. lWhat lpersonal lprotective lequipment ldo lyou lusually lwear lwhen lhandling lcamels lor 

lrelated lworks? l l(Check lall lthat lapply) l l 

 lNo lprotective lequipment lused l l  lGloves l l l  lCoveralls l l  lDust lmasks l l l 

 lBoots lor lboot lcovers l  lRespirators l l  lEye lprotection l(goggles, lsafety 

lglasses) l  lOthers:____________________________ l 

3.2. lHow loften ldo lyou lusually lwash lyour lhands lwhile lstaying lat lthe labattoir l(check lall 

lthat lapply) l l 

 l  lAt lmealtimes l l l l l l l l l l l l l l l l l l l l l l l  lBefore land lafter leach lanimal lrelated ltask l l l l l l l l l l l 

l  lAt lbathroom ltimes l l l l l l l  lThe lbeginning land lend lof lthe lday l l l l l l l l l  lRarely l l 

3.3.Do lyou lwear lhead lcovers lwhen lslaughtering lcamels land lwhile lhandling lmeat? 

 l  lYES l l l l l l l l  lNO l 

3.4.Do lyou lremove ljewelries lwhile lworking lat lthe labattoir lin lrelation lto lcamels? 

 lYES l l l l l l l l  lNO l 

 

4. Human lExposure 

 

4.1. lHave lyou lvisited lany lperson lsick lwith lrespiratory l(cough, lbreathing lproblems) lin 

lthe llast l6 lmonths? l 

 l l  lYES l l l l l l l l  lNO l l 

4.2.If lyes lwhat lwas lyour lrelationship lto lthe lperson? l l l l l 

 l l l l l l l l l l  lClose lfamily l l l l l l l  lExtended lfamily l l l l l l l  lFriend l l l l l l  lOther____________ l 

 

5. Medical lHistory l 

 

5.1. lAre lyou lsick ltoday lwith lFever land lcough? l(If lyes loffer lto ltake lrespiratory 

lspecimens) l 

 l l l l l l l l l l l l l  lYES l l l l l l l l  lNO l 

5.2. lDuring lthe llast l12 lmonths lhave lyou lseen la ldoctor lfor la lrespiratory lillness l(any lof 

lthe lfollowing: lcough, lfever, lrunny lnose, lshortness lof lbreath, lrapid lor lshallow 

lbreathing, lsore lthroat, lvomiting lafter lcough, lor lwheeze)? 

 l l l  lYES l l l l l  lNO 
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5.3. lDuring lthe llast l12 lmonths lhave lyou lhad lto lstay lovernight lin la lhospital lfor la 

lrespiratory lillness? l 

 lYES l l l l l l l l  lNO l 

5.4. lAre lyou lcurrently la lcigarettes lsmoker? l 

 lYES l l l l l l l l  lNO l 

5.5. lIf lyes, lon laverage lhow lmuch ldo lyou lsmoke? l l 

 lNot levery lday l l l l l l l l l l l l l  l1-2 ltimes/day l l l l l l l l l  l3-10 ltimes lper lday l 

 l11-20 ltimes lper lday l l l  lmore lthan l20 ltimes lper lday l 

5.6.In lthe lpast lfew lmonths lhave lyou lhad lany lrespiratory ldiseases lwith lthe lfollowing 

lsymptoms? 

 lfever l  lheadache l  lextreme ltiredness l  ldry lcough l  lsore lthroat l  lrunny lor 

lstuffy lnose l  lmuscle laches l  lstomach lsymptoms l(nausea, lvomiting) 

5.7.Is lthere lany lother lcause lthat lmay lhave lresulted lin la lrespiratory ldisease? 

 l l l l l l  lCigar lsmoking l  lRhinitis l  lAsthma l  lother ldiseases l________________ 

 

6. Knowledge lassessment 

 

6.1.Do lyou lknow lwhat lIAV linfection lis land lthat lit lcan lbe ltransmitted lfrom lperson lto 

lperson? 

 lYes, lI lknow l l l l l l l l l  lNo, lI ldo lnot lknow 

6.2.Do lyou lknow lthat lIAV lcan lbe ltransmitted lfrom lcamels lto lhumans? 

 l l l l l l  lYes, lI lknow l l l l l l l l l  lNo, lI ldo lnot lknow 

6.3.What lpreventive lmeasures lwould lyou luse? 

________________________________________ 

6.4.Have lyou lever lreceived ltraining labout lfood lsafety land lhygienic lpractices? 

 lYES l l l l l l l l  lNO l 
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II. Questionnaire lsurvey lfor lhuman lexposure lrisk lassessment l(Amharic 

lVersion) 

የተሳታፊው lመረጃ l 

ቀን: l____/____/____ l 

የተሳታፊው lስም፡______________________ l l lመለያ lቁጥር፡________________ l l l l l l l l l l l l l l l l l l l l l l 

l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 

የመኖሪያ lአድራሻ፡ lክልል፡-------------------- lዞን፡----------------ወረዳ፡-------------- l 

ጾታ፡----------------------- lእድሜ፡---------------------- lየትምህርት lደረጃ፡----------------------- 

 

1. አጠቃላይ lመረጃ l 

1.1.በሚኖሩበት lቤቶ lወይንም lበቤቶት lአቅራቢያ lምን lአይነት lእንስሳት lይገኛሉ? 

 lግመል l l l  l l lፍየል l l l በግ l l l l ከብት l l l l ፈረስ l l l l አህያ l l l ዶሮ l l አሳማ l 

1.2.በቄራው lውስጥ lለሚመጡ lግመሎች lእንክብካቤ lያደርጋሉ? l 

 lአዎ l l  l lአላደርግም l l l l 

1.3.መልሶ lአዎ lከሆነ lከግመል lጋር lበተያያዘ lስራ lላይ lምን lያህል lጊዜ lቆዩ?................... 

1.4.ግመሎቹ lበቄራ lውስጥ lወይም lበአካባቢው lካሉ lሌሎች lእንስሳት lጋር lየሚግናኙበት lአጋጣሚ 

lይኖራል? 

 lአዎ lይኖራል l l  lምንም lአጋጣሚ lየለም l l l  lአልፎ lአልፎ 

1.5.ግመሎቹ lበቄራ lውስጥ lያሉ lእንስሳት lየተጠቀሙትን lዕቃዎች lጋር lንክኪ lሊኖራቸው lይችላል? 

 lአዎ lይችላል l l  lምንም lአጋጣሚ lየለም l l l  lአልፎ lአልፎ 

1.6.ግመሎቹ lእስኪታረዱ lበአማካይ lለምን lያህል lጊዜ lይቆያሉ? 

 l24 lሰዐት l l  l3-4 lቀናት l  lከሳምንት lበላይ l  lወር 

1.7.ወደ lግመሎቹ lማቆያ lሌሎች lእንስሳት lመግባት lይችላሉ? 

 lይችላሉ l l l l l አይችሉም 
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2. ከእንስሳት lጋር lያሎትን lግንኙነት lበተመለከተ l 

 

2.1. lከዚህ lበታች lየተዘረዘሩትን lተግባራት lላለፉት l12 lወራት lበአማካኝ lምን lያክል lያከናውናሉ? l(“√” 

lምልክት lያድርጉ) l 

 l lተግባር ፈጽሞ 

lአላከናውንም l 

l 

አልፎ 

lአልፎ l 

በየቀኑ በየሳምንቱ በየወሩ 

ግመል lመንካት      

የግመል lቤት lማጽዳት l l      

የግመል lእዳሪ lጋር lንክኪ l      

ግመል lእርድ lማከናወን 

lወይም lመርዳት l 

     

ግመሎች lከመኪና lሲወርዱ 

lእገዛ lማድረግ l l 

     

ግመሎች 

lመመገብ/ማጠጣት 

     

 l l l l l l l l l l l 

2.2. lባለፉት l12 lወራት lውስጥ lከታመመ lግመል lጋር lንክኪ lነበሮት? l l l 

አዎን l l l l l l l l l l አልነበረኝም l l l l 

2.3. lአዎን lከሆነ lመልሶ፤ lበዚህ lወቅት lውስጥ lታሞ lየሞተ lግመል lያውቃሉ? l l 

 l አዎን l l l l l l l l l l አላውቅም l l 

2.4.ባለፉት l12 lወራት lውስጥ lጥሬ lየግመል lወተት lጠጥተው lወይም lስጋ lበልተው lያውቃሉ? l l l l l l 

አውቃለው l l l አላውቅም l l l l l አላስታውስም l l l l l l l 

2.5.ጠጥተው/በልተው lየሚያውቁ lከሆነ lምን lያህል lጊዜ lያዘወትራሉ? l l l l l 

1= lአልፎ lአልፎ l(ከወር lአንድ lጊዜ lባነሰ) l l l l l l l 

2= lበየወሩ l(ቢያንስ lበወር lአንድ lጊዜ) l l 
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3= lበየሳምንቱ l(ቢያንስ lበሳምንት lአንድ lጊዜ) l l l l 4= lበየቀኑ l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 

2.6.ባለፉት l12 lወራት lውስጥ lየቁም lእንስሳት lገበያ lቦታ lሄደው lያውቃሉ? l 

አዎን l l l l l l l l l አላውቅም l 

2.7. lሄደው lየሚያውቁ lከሆነ lምን lያህል lጊዜ? l l 

 l l l 1= lአልፎ lአልፎ l(ከወር lአንድ lጊዜ lባነሰ) l 

 l l l 2= lበየወሩ l(ቢያንስ lበወር lአንድ lጊዜ) l l 

 l l l 3= lበየሳምንቱ l(ቢያንስ lበሳምንት lአንድ lጊዜ) l l 4= lበየቀኑ l l 

 

3. የግል lመከላከያ lቁስና lንጽህና lተግባራት l 

3.1.ከግመሎች lጋር lየተያያዙ lስራዎችን lሲሰሩ lአዘውትረው lመከላከያ lቁሶችን lይጠቀማሉ? l l 

ምንም lአልጠቀምም l l የእጅ lጓንት l l l ሙሉ lመከላከያ lልብስ l l l አቧራ lመከላከያ lጭምብል l l 

l l l l ቦቲ l l l l l l l l l l l የአይን lመከላከያ lመነጽር l l ሌሎች:____________________________ l 

3.2.ከእንስሳት lጋር lንክኪ lካደረጉ lቡኃላ lምን lያህል lአዘውትረው lእጆትን lይታጠባሉ? 

ምግብ lልመገብ lስል l l l ከእንስሳት lጋር lየተገናኙ lተግባራትን lከማከናወኔ lበፊትና lበኃላ l l l 

l ሽንት lቤት lስጠቀም l l l ጠዋትና lማታ l l l አልፎ lአልፎ 

3.3.በእርድ lጊዜ lእና lየግመል lስጋ lበሚነኩበት lወቅት lየፀጉር lመሸፈኛ lይጠቀማሉ? 

አዎን l l l l l l l l l l አለጠቀምም l 

3.4.በስራ lወቅት lጌጣጌጦችን lያስወግዳሉ? 

አዎን l l l l l l l l l l አላስወግድም l l 

 

4. ከሰዎች lጋር lየሚደረግ lንክኪ 

4.1.ባለፉት l6 lወራት lመተንፈሻ lአካል lበሽታ lየታመመ lሰው lጎብኝተው lያውቃሉ? l 

አውቃለው l l l አላውቅም l l l l l l l l l l l 

4.2.ጎብኝተው lከሆነ lከታማሚው lጋር lያሎት lግንኙነት lምንድን lነው? l l l l l 

የቅርብ lቤተሰብ l l l ዘመድ l l l ጓደኛ l l l l ሌላ l____________ l 

 

5. የህክምና lታሪክ l 

5.1.በአሁኑ lወቅት lትኩሳትና lሳል lአለቦት? l 

 l l l l l l l l  lአዎን l l l  lየለብኝም l l l l l l l l l 
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5.2.ባለፉት l12 lወራት lውስጥ lየመተንፈሻ lአካል lህመም lአጋጥሞት lወደ lሀኪም lቤት lሄደው lነበር? 

 lአዎን l l l  lሄጄ lአላውቅም 

5.3.በህመሙ lምክንያት lሆስፒታል lውስጥ lአድረው lነበር? l 

 lአዎን l l l  l lአድሬ lአላውቅም l 

5.4.በአሁኑ lወቅት lሲጋራ lወይም lትምባሆ lያጨሳሉ? l 

 lአዎን l l l  lአላጨስም l l l l l 

5.5.የሚያጨሱ lከሆነ lበአማካኝ lምን lየህል lያጨሳሉ? l l 

በየቀኑ lአላጨስም l l l l በቀን l1-2 lጊዜ l l l l l l በቀን l3-10 lጊዜ 

በቀን l11-20 lጊዜ l l l l በቀን l20 lጊዜ lበላይ l l 

5.6.ባለፉት lወራት lከታች lከተዘረዘሩት lውስጥ lየትኛው lየጤና lችግር lምልክት lአጋጥሞታል? l 

ትኩሳት l l l ራስ lምታት l l l ከፍተኛ lድካም l l l ደረቅ lሳል l l የጉሮሮ lቁስለት l l ቁርጥማት l l 

l የንፍጥ lመዝረክረክ l l l የሆድ lሀመም l(ማቅለሽለሽ l፣ lማስታወክ) 

5.7.ከላይ lከተጠቀሱት lየጤና lችግር lምልክቶች lሌላ lካለ 

……………………………………………………………………………………….. 

 

6. ስለበሽታው lዕውቀት 

 

6.1.በሽታው lሰዎችን lእንደሚያጠቃ lእና lከሰው lወደ lሰው lእንደሚተላለፍ lያውቃሉ? 

 lአዎ lአውቃልሁ l l l  lአላውቅም 

6.2.በሽታው lከግመሎች lወደ lሰዎች lሊተላለፍ lእንደሚችል lያውቃሉ? 

 l l l  lአዎ lአውቃልሁ l l l  lአላውቅም 

6.3.ከዚህ lበፊት lንፅህናን lእና lትክክለኛ lየምግብ lአያያዝን lበተመለከተ lስልጠና lወስደው 

lያውቃሉ? 

 l l l l l l l  lአዎ lአውቃልሁ l l l  lአላውቅም 
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Appendix 4: Data Collection Format for cross-sectional abattoir survey in camels 

 

No. Date lof 

lsample 

lcollection 

Sample 

lNo. l 

 

Sex Age Breed Origin 

 

Clinical 

lfinding 

Post 

lmortem 

lFinding 

         

         

         

         

         

         

         

         

         

         

         

         

 

 

 

 


