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Tém tat: Tai Nam Phi, hang nghin ca thé su t& chau Phi bi nudi nhdt trong cac trang trai vi muc
dich thwong mai, bao gdm cac hoat dong du lich, san bin chién phdm va thudc co truyén. Su ti
sOng tai cac trang trai thuong xuyén tiép xtc tric tiép véi con ngudi, chang han nhu cong nhan
trang trai va khéach du lich. Sy ti€p xtic gan gti gitta dong vat hoang da va con nguoi da tao diéu
kién cho qua trinh lay lan cac bénh truyén nhiém tir dong vat sang nguoi (zoonotic diseases). D&
hiéu 6 hon vé cac médi de doa ddi véi stic khoe gin lign véi cac trang trai nudi su ti, trong nghién
cttu nay, ching toi da bién soan mot ban danh sach cac tac nhan gay bénh (vi khuan, vi rat, ky sinh
trung va ndm) duoc cho 1a c6 anh huong dén su tir chau Phi. Chiung toi da xem xét 148 nghién ctru
khoa hoc va xac dinh dwoc tong cdng 63 tdc nhan gay bénh, dugc ghi nhan 6 ca su tit hoang da va
nudi nhot, hau hét trong s6 ching 1a ky sinh trung (35, 56%), tiép dén la vi rat (17, 27%) va vi khudn
(11, 17%). S6 liéu nay bao gom cac mam bénh co thé truyén tir su tit sang dong vat khac va sang
ngudi. Chung toi cling tim thay tdng cong 83 bénh va cac triéu chiing 1am sang gan lién véi cac tac
nhan gay bénh nay. Do céc tac nhan gay bénh va cac bénh truyén nhiém gén lién véi chiing c6 thé
de doa stic khoe cua ca dong vat va cong dong, chung t6i khuyén nghi nganh chan nudi su ti tai
Nam Phi can hanh dong ngay dé€ ngan chén va quan ly cac dot bung phat dich bénh tiém an.

Tom lwgc: Su tir chau Phi (Panthera leo) dwoc nudi nhot vi muc dich thwong mai tai cac trang trai
trén khap Nam Phi va thuong tiép xtic gan véi cong nhan trang trai, khach du lich va nhitng nguoi
0 lién quan khac. Qua trinh lay truyén bénh tir dong vat sang nguoi xay ra thong qua ti€p xac gan
gitra dong vat hoang da va con nguoi, do vay, cac hoat dong nudi nhot dong vat vi muc dich thuwong
mai tiém an nguy co de doa hang nghin ca thé su tit bi nudi nhét ciing nhu stec khoe cong dong.
Can tim hiéu vé cac vi sinh vat gay bénh c6 anh hwong dén sw tir d€ c6 thé danh gia mot cach hiéu
qua nguy co xudt hién va lay truyén dich bénh trong nganh c6ng nghiép nay. Trong nghién cttu
nay, chung t6i da tién hanh tim ki€m mot cach c6 hé thong cdc tai liéu hoc thuat, xac dinh 148 nghién
ctru duoc tham dinh va st dung cac nghién cttu nay dé tém tat pham vi tac nhan gay bénh va ky
sinh trung c6 anh hudng dén su tr chau Phi. Ching t6i da ghi nhan téng s6 63 vi sinh vat gay bénh,
thudc 35 chi trén 30 ho phan loai. Hon mgt ntra trong s6 nay la ky sinh trung (35, 56%), ti€p dén la
virat (17, 27%) va vi khuan (11, 17%). Chung toi ciing ghi nhan mot s6 vi sinh vat gay bénh maéi dai
dién cho cac loai khong xac dinh va chwa dwge mo ta triede day. Trong ban danh sach tac nhan gay
bénh, cé nhiing chuing cé thé 1ay truyén tir su ti sang loai khac, k€ ca con nguoi. Ngoai ra, 83 triéu
chiing 1am sang va cac bénh gén lién véi cac tc nhan gay bénh nay cing da dugc xac dinh. Nhan
thay nhitng hiém hoa do cc bénh truyén nhiém gay ra, nghién ctru nay tap trung néu bat nhiing
rtii ro tiém an d6i véi stic khoe cong dong gan lien véi nganh cong nghiép nuodi nhdt. Chung toi
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khuyén nghi cac co quan hitu quan can hanh dong ngay nham quan ly va ngan chan cac hiém hoa
gdy ra boi cac tdc nhan gay bénh truyén nhiém tir dong vat sang ngudi tir cac trang trai s ti.

Tw khéa: bénh truyén nhiém t dong vat sang nguoi; Panthera leo; sttc khoe con ngwoi; an ninh sinh
hoc; nu6i nhét dong vat hoang da; budn ban dong vat hoang da; 1ay truyén dich bénh

1. Gidi thiéu

Bénh lay truyén tir ddng vat sang nguoi 1a bénh truyén nhiém do cac tdc nhan gay nhiém (bao
gom vi khuan, ky sinh trung, ndm, vi rat va prions (protein léch tam) c6 thé lay truyén gitra dong vat
6 vii c6 xuong sdng va nguoi [1]. Su bung phét cac dich bénh truyén nhiém cé ngudn gdoc tir dong
vat c6 thé dan dén hau qua to 16n ddi véi stic khde cong dong va duoc cho 1a nguyén nhan gay ra hai
ty treong hop bénh tat & nguoi va hon hai triéu nguoi chét méi ndm [2]. Sy buing phat dich bénh bat
nguon tir ddng vat hoang da thinh thoang ciing gay thiét hai kinh t& hang tram ty do la [3]. Pai dich
toan cau gan day nhat, coronavirus COVID-19, ciing duoc cho 1a bat ngudn tir dong vat hoang da [4],
c6 kha nang gy thiét hai cho nén kinh t€ toan cau tit 5-9 nghin ty D6-la My [5].

Ty 1 gia tdng cac bénh truyén nhiém mdi ndi dwgc cho 1a két qua ctia nhitng thay d6i do con
nguoi gay ra trong qua trinh st dung dat, khai thac tai nguyén thién nhién, hé thong chan nudi va
budn ban déng vat hoang da trén pham vi toan cau [6,7]. Ddng vat hoang da la vat chi mang mot
lwong 16n cac bénh truyén nhiém va thuong khong rd ngudn goc [8], dong thoi qua trinh lay truyén
bénh tir dOng vat sang nguoi xay ra khi dong vat hoang da sinh song gan con nguoi [6]. Hau hét cac
dai dich toan cau gan day [9], bao gom COVID-19, duoc cho la bt nguodn tir vat chu la dong vat
hoang da [4]. Mot loat cac giai phép c6 thé duoc 4p dung nham ngan chin dich bénh truyén nhiém
tr dong vat sang nguodi trong twong lai (xem Petrovan et al. [10]). Tuy nhién, c6 y kién cho rang nd
luc giam thiéu tiép xtc gitta ddng vat hoang da va con nguoi co thé la cach ti€p can thuc t€ va hiéu
qua nhat nham giam thiéu m&i de doa d8i véi stic khoe cong dong toan cau do cac bénh truyén nhidm
méi ndi cd ngudn gdc tir dong vat gay ra [11].

St dung dong vat hoang da vi muc dich thwong mai, du hgp phap hay bat hop phap, déu khién
con nguoi tiép xuc tryce ti€p véi nhiéu loai dong vat hoang da [12]. Déc biét, cac trang trai dong vat
hoang da (sau day duoc goi la cac co s6 chan nu6i cac loai khong duoc thuan hda vi muc dich thuong
mai) c6 thé tao diéu kién cho viéc 1ay truyén mam bénh gitta dong vat hoang da va nguoi chdm sdc
do tiép xtic thuong xuyén hodc kéo dai trong qua trinh chan nu6i [13]. Hon nita, cac diéu kién gén
lién véi cac trang trai dong vat hoang da, chang han nhuw mat do cao dong véat hoang da trong cling
mot chudng, tinh trang vé sinh kém va su cidng thang do s6ng trong diéu kién nudi nhét, c6 thé lam
giam kha nang chdng lai tac nhan gay bénh va tang nguy co truyén bénh [14,15].

Mot s6 lwong da chiing loai cac loai dong vat hoang da dwoc nudi trén khép thé gidi nham phuc
vu cho nhiéu muc dich thuwong mai, chéng han nhw nuo6i tht cung doc la (vi dy, trang trai rdn & Tay
Phi [16]), 1am thudc ¢6 truyén (vi dy, trai nudi gau 14y mat & Trung Qudc va Pong Nam A [17]), 14y
da (vi du, cac trang trai nu6i ca sdu @ Hoa Ky [18]), hodc 16ng (vi du, cac trang trai nudi chon va cao
& chau Au [19]). Céc truong hop bénh truyén nhiém phat sinh do lay truyén mam bénh gitra céc loai
dong vat hoang da duoc nuodi nhot trong diéu kién trang trai da dwgc ghi nhéan trén toan by pham vi
phan loai. Chang han nhu, sy lay truyén bénh san day Armillifer armillatus tlt ran sang cht trang trai
da duoc ghi nhén tai Gambia [20], va gan day, su lay truyén nhanh chéng vi-rat corona COVID-19
gitta chon va cong nhan trang trai trai da xay ra tai mot trang trai nudi chéon ¢ Ha Lan [21] .

Su tir chau Phi (Panthera leo) duwoc nhan giéng va nudi nhdt vi muc dich thuong mai trong cac
trang trai trén khap Nam Phi. Nhitng c4 thé su tit bi nu6i nhdt 6 thé tiép xtc triee tiép voéi con ngudi
thong qua nhiéu hoat dong, bao gdom trai nghiém du lich twong tac (chang han nhu: cac tinh nguyén
vién qudc t€ tra tién d€ duoc lam viéc trong cac du an cham séc dong vat hoang da va khach du lich
tham gia vao cac hoat dong di dao cting su tir va vudt ve su tix con), sén ban giai tri d€ gianh 'chién
loi phdm' va xuat khdu xwong sang chau A d€ phuc vu qud trinh san xuat thudc ¢ truyén [22,23].
Hoat dong xuét khau xuong va chién phadm su t& ciing doi hoi mot s6 ‘nguoi trung gian’ phai tiép
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xUc trye tiép véi su tir va/hodc xtr ly cac san phdm dan xuat ctia chung trong qua trinh van chuyén,
giét mo va/hodc xw ly. Murc do tiép xuc tryc tiép twong doi cao nay gitra nguoi va su tir (hoac viée
tiéu thu cac bo phan va san pham dan xuat ctia ching) tao diéu kién thuan loi cho qua trinh lay
truyén bénh.

Mot nghién ctru danh gia cac loai bénh xuét hién ¢ sw tr tai Cong vién Kruger trong nhiitng ndm
1970 da cung cdp cac thong tin quan trong vé nhiéu loai bénh truyén nhiém cé thé anh huwong dén
cac quan thé trong tw nhién (vi du: bénh giun x0dn, bénh giun chi, bénh ghe, nhiém ky sinh trung
pentastoma, nhiém sén echinococciasis, bénh giun sén, bénh hepatozoonosis do bo ve gay ra), bénh
than va bénh s6t ve do ki sinh trung babesia), trong s6 nay, c6 mot s6 bénh duoc cho la cé thé lay
truyén truc tiép hodc gian tiép sang nguoi [24]. Twong tw, cac nghién ctru khoa hoc cling da ghi nhan
tinh trang 1ay truyén cac bénh truyén nhiém c6 ngudn gdc tir ddng vat gitta nguoi va su ttr bi nudi
nh6t. Vi du, vao ndm 2015, mdt ca thé su ti con trong vueon thu bi méc bénh ‘ndm da’, mot cin bénh
do nhiém céc loai ndm gay bénh c6 tén Epidermophyton, Microsporum, hogc Trichophyton, va chinh
ngudi trong coi virdn thii cham sdc ca thé su tir ciing bi nhiém bénh nay do cé qud trinh tiép xtc lién
tuc vdi su tir con[25].

SO luong su tir dwgce nudi tai cc trang trai & Nam Phi da tang theo cap s6 nhan trong hai thap
ky qua véi quan thé nudi nhdt hién tai lén dén 8.500 ca thé, dwgc nudi tai hon 300 co so [22]. Quy md
rong 16n ctia cac co sé chdn nudi tap trung nay cang lam gia tang s6 lwong nguoi tiép xic gan voi su
t cing nhu co hoi truyén bénh tir dong vat sang nguoi. Tuy nhién, theo hiéu biét cta cac tac gia,
mdc du nhén thiic dwgce tim quan trong ctia mot danh sach cac sinh vat gy bénh cho sw t&r chau Phi
trong viéc tac dong dén cac nd luc nham ngan chin, gidm sat va quan ly sy bung phét bénh truyén
nhiém cé nguodn goc tir ddng vat, nhung hién nay viéc bién soan danh sach nay tir di liéu cua cac
nghién cttu khoa hoc gan day van chua dugc thuc hién. Do d6, trong nghién cttu nay, chting tdi tong
hop thong tin ctia cac tai liéu khoa hoc duwoc cong b trong muedi ndm gan day nham cung cp co so
d liéu ban dau vé cac sinh vat gay bénh, dong thoi thao luan vé cac rui ro tiém an déi véi stc khoe
dong vat va stec khoe cong dong gan lién véi nganh cong nghiép nudi nhdt dong vat san moi

2. Phuong phap nghién ctitu

Chiing t6i da tién hanh nghién ctru, ddnh gia mot cach c6 hé thdng cac tai liéu khoa hoc bang
cach st dung co s¢ dit liéu cta tap chi hoc thuat Web of Science (Philadelphia, Hoa Ky). Tong cong
c6 13 cum tir tim kiém lién quan dén tdc nhan giy bénh duoc tim kiém trén co s¢ dir liéu: Disease
(Bénh), Pagothen (tac nhan gay bénh), Virus (vi rut), Viral (gay ra boi vi-rut), Bacteria (vi khudn),
Bacterial (gay ra boi vi khudn), Parasite (ky sinh trung), Parasitic (gay ra boi ky sinh trung), Fungus
(ndm), Fungal (gay ra boi nam), Zoonosis (bénh dong vat truyén sang nguoi), Zoonotic (bénh dong
vat truyén sang nguoi) va Health (stic khoe). Mbi cum tir tim kiém dwoc thwe hién véi toan tir Boolean
‘AND’, va thuat ngit bd sung Panthera leo. Thuc hién cac tim kiém néu trén cho giai doan 2009-2019,
ching t6i da c6 duoc tdng cong 252 két qua, bao gom 152 nghién ctru khoa hoc ca nhan. Trong s6 152
nghién ctru tim duoc sau qud trinh tim kiém tai liéu, c6 mot nghién cttu khoéng thé truy duoc ngudn
do lién quan dé&n quyén truy cap va 3 nghién cttu bi loai do khong dwoc xudt ban bang tiéng Anh.
148 nghién cttu con lai duoc dua vao phan tich.

MOi tai liéu dwoc kiém tra bdi mot trong sau nguoi danh gia, ho c6 nhiém vu ghi lai bat ky dé
cap nao lién quan dén "vi khuan", "ndm", "ky sinh trung", "dong vat nguyén sinh" hodc "vi rut" trong
moi nghién ctru. Tat ca cac r6i loan, bénh tat hodc tinh trang da dwoc ghi lai trong moi twong quan
v6i su tr chau Phi va chau A, cung véi danh sach cac sinh vat gay bénh duoc dat tén cu thé da duoc
tong hop. Moi treong song cta su tit trong nghién cttu (hoang da hodc nudi nhot) duoc ghi nhan
cung cac thong tin cu thé vé co so noi su tr duwgc nudi nhot (doanh nghiép thwong mai, vuon thu, so
httu tw nhan hodc két hop nhiéu muc dich). Ngoai ra, chiing t6i cling xem xét cac nghién ctru d€ tim
hiéu thong tin vé sy lay truyén bénh. Nhitng nguoi tham gia nghién cttu da ghi lai cac truong hop
sinh vat gay bénh lay truyén gitta su tir chau Phi va cac loai dong vat khac, cling nhw gitra sw tit chau
Phi va con nguoi.

3. Két qua
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Chung t6i da ghi nhan tdng cong 63 sinh vat gay bénh khac nhau, dugc cho la ¢6 thé anh huong
dén su ttr (Bang 1). Hon mét ntra s6 sinh vat gay bénh duoc ghi nhéan 1a ky sinh trung (35, 56%), bao
gom bo ve (Ixodida) (4, 6%), tiép theo la vi-rut (17, 27%) va vi khuan (11, 17%), khong c6 loai ndm
gay bénh nao duoc ghi nhén. 63 sinh vat gay bénh nay thudc 35 chi khac nhau trén 30 ho phan loai.
Ba sinh vat gay bénh mdi thudc cac loai khong xac dinh va chwa dwoc md ta ciing da duogc ghi nhan.

Nghién ctru cling xac dinh téng cong 83 triéu ching lam sang va cac bénh lién quan dén cac sinh
vat gy bénh nay (Bang 2). Két qua nhan duoc da néu bat pham vi méi de doa nguy hiém dén stic
khoe ma nhiing sinh vat nay gay ra cho vat chu. Lién quan dén thong tin vé sy ldy truyén bénh, 38
nghién cttu khoa hoc (26%) dé cap dén su lay truyén gitra su ti va cac loai khac va ba nghién ctiu
(2%) dé cap cu thé dén su lay truyén gitta su tir va con nguoi.

Trong s& 109 nghién ctru tap trung vao su tir chau Phi, 45 nghién cttu (41%) dwa trén di liéu tir
su ti bi nudi nhét, 61 nghién cttu (56%) thu thap di liéu tir sw tr hoang da va ba nghién ctiu (3%) ¢
su két hop ctia ca hai d6i tuong. Trong s cac nghién cttu tap trung vao su tit bi nudi nhét, chi ¢ mot
dit liéu duoc thu thap tit moét co s¢ chan nudi vi muc dich thiwong mai & Nam Phi. Nghién cttu st
dung cic mau tir ba con su tir da chét dé phan tich lich str tién hoda ctia chting va khéng lién quan dén
tadc nhan gay bénh hoac bénh tat. Mot nghién ctru khac tap trung vao cac co sd chan nudi thwong mai
0 Nam Phi nhung khong thu thap dit liéu truc ti€p ma thay vao d6 st dung cac nguodn tai liéu dé€
danh gia s phu hop cua su tit nudi nhot doi voi hoat dong dua tro lai ty nhién. Phan con lai cua d
liéu vé su tir nudi nhét duge thu thap tir nhitng con su tir duwoc nudi trong vueeon thi, khu bao ton
déng vat hoang da va khu bao ton thién nhién (34, 76%), s& hiru tw nhan (5, 11%) hodc két hop ca hai
(4, 9%).

Bang 1. Cac vi sinh vat gay bénh (phén loai thanh vi khuan, ky sinh trung va vi-rat) duoc thu thap ti
148 nghién cttu trong bo dit liéu.

Loslé:}? m Ho Chi/Loai Nguon
Vi khuan Actinomycetaceae Actinomyces [26]
Anaplasmataceae Ehrlichia canis [27]
Bartonella koehlerae subsp.
Bartonellaceae boulouisii; [28]
Bartonella henselae
Clostridiaceae Clostridia [26]
Enterobacteriaceae Escherichia coli [26]
Mycobacteriaceae Mycobacterium bovis [29-38]
Mycoplasmataceae Mycoplasma haemominutum [39,40]
Mycoplasma Hemoplasma spp [41]
Rickettsiaceae Anaplasma phagocytophilum [27]
Streptococcaceae Alpha-hemolytic streptococcus [26]
Vi-rat Paramyxoviridae Morbillivirus spp. [42,43]
Canine distemper virus [32,37,42,44-59]
Caliciviridae Feline calcivirus [44,47,51,56,60-62]
Sapovirus Norovirus [56]
Herpesviridae Feline herpes virus [44,47,51,60,62]
Retroviridae Feline immunodeficiency virus [32’38’47’517’5]2’57’60’62_
Feline lentivirus [72]
Feline leukemia virus [65,73,74]
Feline panleukopenia virus [44,51,61]
Gammaretrovirus [74]
Parvoviridae feline panleukopenia virus [51]
Parvovirus [75]
Coronaviridae Feline coronavirus [47,62]
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Picobirnaviridae Picobirnavirus [76]
Reoviridae Mammalian orthoreovirus [77]
Papillomaviridae Papillomavirus [78]
Smacoviridae Smacovirus [79]
Ky sinh trung Babesiidae Babesia canis [80,81]
Babesia felis [80,82]
Babesia lengau [80]
Babesia leo [27,80,82]
Babesia. spp. [32,51,82]
Babesia vogeli [27,80]
Novel babesia (similar to lengau) [80]
Rhipicephalus simus;
Ixodidae Rhipicephalus sulcatus; [51]
Rhipicephalus appendiculatus
Rhipicentor nuttalli [51]
Angiostrongylidae Aelurostrongylus abstrusus [83]
Aelurostrongylus spp. [83,84]
Sarcocystidae Cystoisospora spp [85]
Cystoisospora felis like oocysts; [86]
Cystoisospora rivolta like oocysts
Sarcocystis spp. [84]
Toxoplasma gondii [87,88]
Theileriidae Cytauxzoon manul [27]
Theileria parva;
Theileria sinensis (271
Diphyllobothriidae Spirometra pretoriensis [89]
Spirometra ranarum [89,90]
Spirometra theileri [89-91]
Spirometra spp. [84,85,92]
Trypanosome b. rhodesiense;
Trypanosomatidae Trypanosome congolense; [93]
Trypanosome brucei s.1.
Taeniidae Taeniid cestodes [84]
Taeniid spp. [85]
Toxocaridae Toxascaris leonine [94,95]
Toxocara cati [84]
Trichinellidae Trichinella spp. [96]
Hepatozoidae Hepatozoon Cun,IS; [27,82]
Hepatozoon felis

Bang 2. Cac bénh va triéu chiing lam sang lién quan dén su tit duoc ghi nhan trong 148 nghién ctu

trong b dit liéu

Phan loai

Thuat ngit st dung trong cac nghién cttu

Bénh s6t ve [54]; bénh lao bo [29,30,32-34,37,47,52,62,64,71,97-99]; bénh san chd
[52]; viém phdi hai bén [100]; bénh viém nao [42,43]; bénh than kinh [43,50]; viém

Bénh 10i[69]; ung thu tuyén mat [26]; bénh than [26]; ung thw tuyén nang duwong mat
[26]; nhiém triing mau do vi khuan [26]; bénh ph&i md ké [26,43]; viém gan hoai
tr va bach cau trung tinh [26]; bénh dai [53]; viém phdi [94]

Ton thuong than kinh cdp tinh [50]; thiéu mau [32]; kich thudc nhan t€ bao khong

Triéu chiing
lam sang

déu [78]; biéng dn [41,42,50]; mat diéu hoa van dong [43,100]; sung dwdi ham hai
bén [100], hoi chiing suy giam stic khoe thé chat va tinh than [69]; tic nghén phoi

[26]; duc giac mac [100]; m&t nudc [26,32,69]; mat nuwde va tang huyét dp do bénh
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than [101]; suy giam cac co quan bach huyét [50]; suy giam anbumin [32]; tram
cam ndng hodc sting so [43]; ndi mé day va/hodc viém da quanh miéng [78]; tiéu
chay [94,95]; mat dinh hudng [43]; khé tho [100]; nang dich khuyu tay [33]; gay
mon [33,35,100]; chwdng bung [26]; co giat co mat va chi trwedce (co giat tai dién)
[43]; sarcoid meo (u thit) [78]; u xo [78]; ddng kinh con 16n [43]; bat thuong huyét
hoc [64]; téng globulin huyét [69]; suy gidm mién dich [70]; chiing co giat [102];
nghiéng dau [102]; udn nguoi ra sau [102]; mat diéu hoa van dong [102]; mu mét
[102]; gidam anbumin huyét thanh [32]; chiing tang bach cau don nhan [32]; & mat
ndi mach [26]; mu do ivermectin [103]; ngt lim [41]; chiing giam bach cau [75];
tinh trang rung 16ng [69]; hach bach huyét phinh to [33] [69]; suy giam t& bao bach
huyét trong cac hach bach huyét va 14 lach [69]; ching giam bach huyét bao [42];
tang globulin huyét [32]; bat thuong rd rét ¢ gan [26]; suy dinh dudng [95]; sung
ham dwdi [33] ; ghé 16 [33]; rung 16ng 1o rét [100]; chay nwedc miii [42]; viém la
lach [26]; ton thuwong da u nang dang hach [26]; tac rudt [94]; u nha [69]; u nang
quanh 6ng mat [26]; gan da nang [26]; ton thuwong phoi va xwong [35]; s6t [42]; co
giat nghiém trong [104]; 4p-xe vai [33]; tho gdp [100]; ndn mira [94,95]

4. Ban luan

Mot nghién ctru c6 tinh hé théng cac tai liéu khoa hoc da xac nhan rang c6 dén 63 sinh vat gay
bénh khac nhau ton tai ¢ ca sw tir nudi nhdt va hoang da (Bang 1 va 2). Chung tdi cting da ghi nhan
mot s6 sinh vat gay bénh mdi, dai dién cho cac loai khong xac dinh va chuwa dwgc mo t4, bao gom cac
loai Babesia méi va Cystoisospora méi — giong dang kén hop t.

Hién nay, cd rat it kién thic vé tinh nhay cam, sy 1ay truyén, dich t& hoc va bénh ly hoc cta cac
loai bénh thuong gip d6i véi su tir [100]. Trong khi danh sach céc sinh vat gay bénh chic chin sé
ngay cang tang 1én, nghién ctru nay gitip cung cadp mot ban ké ban dau quan trong. Khi xem xét
nhitng khia canh nhu diéu kién hoat ddng ctia nganh chan nudi su tir hién nay, quy mé dang ké ctia
hoat dong buon ban su tt, va tinh trang dé méc bénh caa loai dong vat nay doi véi nhiéu loai sinh
vat gay bénh da vat chu, rat c¢d thé sw tir nudi dong vai tro trung tam trong sw xuat hién, khuéch dai
va lay truyén bénh dich cho ca con nguoi va quan thé dong vat hoang da.

4.1. Y nghia d6i v6i sikc khée sw tir

Mot sd sinh vat gay bénh duwgc ghi nhan trong nghién ctru nay 1a méi lo ngai 16n déi véi st
khoe cua ca su t hoang da va nud6i nhét. Chéng han nhuw, ky sinh trung Babesia, vi khudn
Mycobacterium bovis (mdt loai vi khuan duoc biét dén la nguyén nhan gay bénh lao), vi rut carine
distemper gay bénh Care (CDV) - bénh sai s6t cho, vi rat canine parvovirus gay bénh Parvo ¢ cho
(CP) va vi rit feline panleukopenia gay giam bach cau 6 méo (FPLV) (Bang 1) déu rat dé lay lan dan
dén ty 1é mic bénh va tir vong cao 0 cac loai dn thit dé mic bénh. Khi nhiém cidc mam bénh nay, st
tte c6 thé xuat hién hang loat cac triéu chiing 1am sang, bao gom nhung khong gidi han: gay mon,
rung toc, tiéu chay, co giat, co giat lién tuc va tram cam (Bang 2).

Mot s6 sinh vat gay bénh nay ddc biét kho kiém soat vi chung co6 thé khién cac dong vat dé mic
bénh bi 1ay nhiém ma khong can thong qua tiép xtc truc tiép. Nhitng con su tir bi nhiém bénh thai
mam bénh theo phan va cac chat bai tiét khac cua co thé, vi du, chét tiét hd hap bin ra ngoai [105,106],
khién cho méi tredong bi lay nhiém va gay lay lan dich bénh mot cach nhanh chéng. Hon nita, mot s&
mam bénh nay c6 thoi gian t bénh lau hon va do d6 c6 thé song trong co thé dong vat ma khong bi
phat hién cho dén khi chung dat dén mitc nguy hiém. Vi dy, thoi gian khoi phép bénh lao rdt cham,
trong nhiéu truong hop, phéan 16n sw t bi nhiém bénh ban dau déu trong cé vé khoe manh [100,107].
Trong moi treong nuodi nhot, diéu nay cing gay khé khan cho cong tac phat hién va ngén chan su
lay lan cta bénh truyén nhiém gitta cac ca thé dwoc nudi cling nhau.

Ngoai ra, mot s0 sinh vat gay bénh c6 kha nang sé tao ra thach thiec vé mét quan ly d6i véi cac
trang trai nuoi su tir vi muc dich thuwong mai, nguyén nhan la do sw khéi phat bénh & su tit theong
xay ra dot ngot sau khi bi cang thfmg cao, vi du nhu, sau thoi gian mang thai va cho con bu lap lai
lién tiép [100]. C6 y kién cho r.%mg diéu kién nudi nhét tap trung va kém vé sinh c6 thé lam tang ty 1é
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méic FPLV & ddng vat an thit trong diéu kién nudi nhot, nhu su tir [108]. Su lay lan dich bénh duoc
day manh trong tinh trang suy giam mién dich, dong thoi qua trinh tiép xtc truc tiép gitta con nguoi
v6i dong vat hoang da cung cac tiéu chuan han ché vé stic khoe va an toan la tat ca cac tiéu chi dé trd
thanh mot diém néng vé bénh truyén nhiém tir dong vat sang ngudi méi ndi [12].

Mot thach thire khac d6i véi cac co s nudi nhot la nhitng tac nhan gy bénh tudéng nhuw vo hai
lai c6 thé gay hai khi sw tit “dong nhiém’ nhiéu mam bénh. Vi du, da xay ra nhiing ca t& vong nghiém
trong khi cac ca thé su tir bi nhiém ca bénh babesiosis (bénh s6t ve do ky sinh tring babesia) va CDV,
dan dén cac bénh nghiém trong nhu viém phdi va viém ndo, mic du chting trong hoan toan khoe
manh khi chi bi nhiém bénh babesiois [81]. Thuc t& nay cang thach thiic qua trinh xac dinh cac ca thé
bi nhiém bénh &€ quan ly dich bénh trudc khi xay ra lay lan.

4.2. Y nghia d6i véi siec khée con nguoi

Ngoai y nghia tiém tang d6i vdi stc khoe ctia su t, nhiéu sinh vat gay bénh duoc ghi nhan
trong cac tai liéu khoa hoc duoc nghién cttu cling lam ddy 1én mdi lo ngai vé stec khoe con nguoi.
Chéng han nhu, cac ching gay bénh ctia vi khudn Enterobacteriaceae Escherichia coli [26], ky sinh
trung Sarcocystidae Toxoplasma gondii [14,87], va rdt c6 thé, ky sinh trung Toxocaridae Toxascaris
leonine [109] ¢ kha nang 14y truyén qua duong phan — miéng tir su tir sang nguoi. D6i v6i nhitng
loai khac, vi du nhw vi khudn Rickettsiaceae Anaplasma phagocytophilum [27], cling c6 thé lay truyén
qua vét can ctia bo chan ddt bi nhiém bénh.

Mot 8 tac nhan gay bénh ¢ kha nang xam nhap vao md nguodi bang cach st dung keratin va
do d6 chi can tiép xtic vat ly véi 16ng ctia su tir ciing c6 thé bi nhiém bénh; vi du nhuw, ndm
Microsporum gypseum - nguyén nhan gay bénh nam da [110]. Viéc 4p dung céc bién phap du phong
d€ duy tri diéu kién vé sinh cho ddng vat va cac chuyén gia thuong xuyén tiép xtic véi chung la diéu
t01 quan trong nh3m giam thiéu kha nang lay nhiém bénh, tuy nhién qua trinh nay rat kho quan ly
do ban chdt mam bénh khong hé gay ra triéu chiing nao ¢ su tit khoe manh [110]. Du khéach dén tham
cac trang trai s t&r & Nam Phi cfing phan anh rang cac quy trinh vé sinh co ban, vi du nhw héa chat
kh trling tay va tham buéc dé khtr triing gidy gifta cac chudng nudi, thuong khdng c6 sdn cho nhiing
nguoi cd y dinh tiép xtc véi dong vat [111].

Su tr cling da dwogc ghi nhan la vat chu ctia cac bénh duwgce TS chire Y t&€ Thé gidi (WHO) liét vao
danh sach "cac bénh nhiét déi bi lang quén (NTDs)" [112]. Vi dy, bénh ngt chau Phi (trypanosomiasis)
& nguoi do trypanosomes, loai ky sinh triing da vat chti ¢6 kha néng lay nhiém cho nhiéu loai dong
vat hoang da, bao gom ca su tit [93], mang nhiéu mam bénh cé thé 1ay truyén cho ca nguoi va vat
nudi. Echinococcosis - mot bénh ky sinh do san day cu trii trong rudt cua ddng vat an thit, bao gom ca
sw tir [52] — c6 thé gay bénh nghiém trong va tt vong & ngudi. Ty 1& nhiém Echinococcosis dang gia
tang & mot s6 nudc chau Phi do su tiép xtic thuwong xuyén gitra tht san 16n (vat cht mang mam bénh),
vat nudi trong nha (nhu chd) va nguodi dé bi nhiém bénh [113]. Khong luu tAm dén nhiing ky sinh
trung nay c6 thé gay ra nhitng hau qua kinh t€ - xa hoi nghiém trong [113].

Doéng vat an thit bi nudi nhot dé bi nhiém Toxoplasma - mot loai ky sinh trung don bao c6 kha
lay nhiém cao ti dong vat sang ngwoi [113]. Su ti ndi riéng da dwoc xac dinh la moét loai vat chu dé
mac bénh [113]. Su t& bi nhiém Toxoplasma c6 thé truyén ky sinh trling cho ngudi qua dudng mau va
phan, gay ra cac bénh viém phdi, tim va ndo nghiém trong (cting véi cac loai bénh khac), déi khi dan
dén tir vong [113]. Mot s6 loai Toxoplasma ciing duoc ghi nhan 1a c6 thé gay sdy thai va thai luu; viéc
danh gia thdp anh huéng cta nhitng ky sinh triing nay ddi véi con nguoi c¢6 thé dan dén mot dai
dich trong twwong lai, khién cho tinh trang giam tudi tho va tang ti 1é tir vong ¢ tré em va ba me ngay
cang pho bién [113].

Su tt cling dé bi mic bénh lao bo (bTB) — mdt bénh do nhiém vi khuan M. bovis [32,47]. Sw lay
truyén bénh lao trong moi twong tac gitta dong vat hoang da-vat nudi-con nguoi dang tro thanh moi
quan tam toan cau, ddc biét la & khu viee chau Phi can Sahara, noi sy lay nhiém dang lan rong [114].
S t&r nhiém bTB tir xc trau bi nhiém bénh [32], va méc du chua cé truong hop lay truyeén truc tiép
tir dong vat hoang da sang nguoi (hodc nguoc lai) dwoc ghi nhan [114], nhung day van 12 mét moi
quan ngai ngay cang tang, dic biét & cdc niedc nhie Nam Phi, noi ¢6 s8 lwong nguedi nhiém HIV twong
déi cao [115,116] va boi vi HIV 1a yéu t6 nguy co cao nhat duoc biét dén cua bénh lao [32]. Viéc lay
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truyén cac chung vi khuén lao khac tir ddng vat hoang da bi nudi nhét sang nguoi cling da duoc ghi
nhéan [117].

Dich bénh xudt phat tir loai meo cling c6 thé xay ra (vi du, bénh do vi-rtt carine distemper &
meéo 16n) nhung twong ddi hiém [118]. Mac du khong c6 bang ching vé suw lay truyén feline
coronavirus tir s tir sang ngwdi, nhung viéc ¢6 lap cac mam bénh ¢ kha nang gay dai dich ra khoi
bat ky vat chu nao la rat quan trong, vi néu khong lam vay, chiing ta c6 thé tao diéu kién thich hop
cho vi-rat nay thich nghi véi cac vat chu khac, khién dé dang lay lan dich bénh tit dong vat c6 vu
sang con nguoi, va cd thé ca tir nguoi sang nguoi, mé duong cho mot dai dich o st tan pha khung
khi&p[119].

Chang han, gan day nguoi ta da xac nhan rang loai meo 16n, bao gom ca su tit, c6 thé bi nhiém
Sars-CoV-2 [120]. Mt s6 chuyén gia da tiing cong bd quan diém rang Sars-CoV-2 khong c6 kha nang
lay lan tu nhién trong quan thé meo 16n hoang da [118]. Tuy nhién, dua trén thuc t€ vé treong hop
su ti va ho co két qua xét nghiém duong tinh véi Sars-CoV-2 trong Vuon tht Bronx (c6 kha nang bi
lay nhiém tir mdt nhan vién so thia) [121,122], ngudi ta dang lo ngai rang vi-rat nay c6 thé 1ay truyén
tlr nguoi sang loai meo 16n va nguoc lai trong cac diéu kién lién quan dén cac ca thé bi nudi nhot
[118].

4.3. Y nghia doi v6i hoat dong nudi suw tir

Viéc nu6i nhdt cac loai dong vat hoang da dan dén su tiép xdc gan khong tw nhién gitta con
nguoi va dong vat hoang da, tao diéu kién thuan loi cho viéc 1ay truyén mam bénh gitra cac loai dong
vat [123]. Trong nhiéu treong hop, su tir dwge nudi nhét trong cac vuon tha theo chuong trinh nhan
giong bao ton [124], nhung s leong sw tit bi nudi nhét trong cac trang trai ddng vat hoang da vi muc
dich thwong mai con 16n hon rat nhiéu [125]. Trong khi rat it d@ liéu chi tiét vé quy mo ctia hoat dong
nudi nhét dong vat hoang da néi chung va nudi su tit noéi riéng ¢ Nam Phi dugc cdng bd, vao thang
7 nam 2019, Bo treong Bo Moi truong, Lam nghiép va Thuy san Nam Phi da tra 101 cau hoi ciia Quéc
hoi va dua ra thong tin vé s lwong sw ti nudi nhSt & Nam Phi 1én dén 7.979 cé thé trén khip 366 co
sO.

Hién van con thiéu cac nghién ctru khoa hoc tap trung vao phtc loi trong cac trang trai nudi sw
tr vi muc dich thwong mai trén khap Nam Phi. Tuy nhién, diéu kién va moi treong séng tai cc co
sO nay thuong dwoc phan anh la c6 phuc loi thap, véi so luong su tit dong duc, thueong trong tinh
trang thé chat kém va trong khong gian qua chat hep [126,127] (Hinh 1). Viéc tap trung dong duc
dong vat trong cing mot chudng trai c6 thé gia tang nguy co lay bénh gitra cac ca thé dong vat hoang
da do suy giam kha nang chéng lai mam bénh tir cac nguyén nhan lién quan dén diéu kién nudi nhét,
chéng han nhw vé sinh kém, ché€ d6 &an udng thiéu chat hodc cang théng [14,128]. Hon nira, viéc tach
con nho ra khéi me va dung sira cong thirc thay thé (mot thue t€ duwoce ghi nhan tai mot s6 trang trai
sw tir [111]) c6 thé dan dén thidu hut dinh dudng [129], lam suy y&u hé thong mién dich va khién
dong vat cang dé bi nhiém bénh hon [130].
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Hinh 1. M6i treong nudi nhét su ti tai cdc co s6 chan nudi vi muc dich thiwong mai 6 Nam Phi thuong
duoc phan 4nh la ¢ phiic 1oi thap, véi s6 lugng su tir d6ng duc, thuong trong tinh trang thé chdt kém
va trong khong gian qua chat hep. (Anh trén cting bén tréi) Su ti céi bi nhdt trong mét cai chudng c6

phan va x4c théi rita. (Anh trén cling bén phai) Sw tir con it hodc khong con 16ng do bi nhiém bénh
nang va khoéng dwoc diéu tri. (Anh duwdi bén trai) Su ti con sinh ra bi di tat ndng, nhiéu kha nang do
giao phdi can huyét. (Anh dudi cting bén phai) Su tir bi nudi nhét trong diéu kién qué déng dic. Ban
quyén hinh anh thudc vé T8 chirc Blood Lions.

Mot bo phan quan trong cua nganh cong nghiép nay la hoat ddng “du lich sinh thai”, noi du
khach dwoc tao co hoi tiép xtc gan gii va khong tw nhién véi su tie thong qua cac twong tac “vudt
ve” va “di dao cung” su tit con hodc cac tinh nguyén vién qudc t€ tra tién d€ duoc tham gia vao hoat
déng cham soc su tir con. Qud trinh ché bién xac déng vat dé€ lam thitc &n cho con nguoi cling tiém
&n nguy co lay nhiém bénh rat 16n gitra dong vat hoang da va con nguoi [131], nguy co nay cang gia
tang trong tinh trang cac quy trinh giét md va ché bién dién ra tai cac 10 mo khong duoc kiém soét,
va khong bi rang budc boi cac tiéu chudn vé sinh chinh thong [ 132]. Hon nita, mdc du hoat dong
budn ban dong vat hoang da déng vai tro quan trong nhie mot con duong lay truyén cac sinh vat gay
bénh [12], nhung co quan quan ly chiu trach nhiém kiém soat hoat dong xudt khau xuwong su ti ra
nude ngoai (Cong wdc vé budn ban qudc t€ cac loai dong, thuc vat hoang da nguy cap, 'CITES') lai
quy dinh han ngach dwa trén khoa hoc bao ton [133] va khong cht trong vao muc dich cu thé'la ngan
chan sw du nhap cta bénh truyén tir dong vat sang nguoi.

Ciing can leru y rang bat ky mam bénh nao ton tai trong quan thé sw tir bi nudi nhét ciing c6 thé
la m&i de doa d6i véi hoat dong bao ton cac quan thé dong vat hoang da, dac biét 1a trong diéu kién
cac trang trai s ttr ndm gan khu vuc sinh s6ng ctia su tit hoang da cling nhw noi cong nhén trang
trai sw ttt va du khach tich cuec tham gia vao cac hoat dong khac (vi du nhw, nghién cttu thuee dia tap
trung vao bao ton, sin ban va du lich chup anh) dan dén tinh trang mang mam bénh téi gan sw tir
hoang da. Chang han, Iting ch6 hoang da (Nyctereutes procyonoides) dugc cho la da truyén bénh CDV
cho mot nhdm hé duoc nuoi trong vueon tha tai Nhat Ban [42], twong tw, su lay truyén giun tron
duong rudt gitra thi ho meo bi nudi nhdt va meo hoang dia phuong da dwgc ghi nhén tai Brazil [134
]. Cac sinh vat gay bénh da vat chu c6 thé tré thanh mot méi de doa ddc biét d6i véi cac truong hop
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c6 dia diém hoat dong cua trang trai su tw trung véi cdc khu vuc sinh s6ng cua céc loai an thit tw do
khac (ca hoang da va duoc thuan hoa).

4.4. Gidm thiéu riii ro doi v6i sikc khée dong vit va cong dong

Cac bién phap khic phuc, nhu cai thién céc tiéu chudn vé phuc loi ddng vat, can thiép thu y va
cac quy trinh an toan sinh hoc ¢6 thé gitip giam thiéu mot phan nguy co mac bénh truyén nhiém tir
dong vat sang nguoi tai cac co s¢ nudi nhét su tie [135]. Tuy nhién, d€ ddi pho véi cdc mam bénh
khong co triéu chiing c6 thé anh hudng dén su tir [110], quy trinh an toan sinh hoc yéu cau mot hé
thong kiém soat dich bénh phtic tap — day c6 thé la mot thach thic 16n [136,137]. Ngay ca khi cac quy
trinh kiém soét toan dién duoc ap dung, viéc xac dinh cac mam bénh mai ndi van 13 mot thach thie
16n, de doa dang ké dén strc khoe dong vat va stic khoe cong dong [12]. Hién tai, thong tin chi tiét vé
cac quy trinh an toan sinh hoc va tiéu chudn quy dinh trong nganh chin nuéi su t& van chua duoc
cong bd, cling theo danh gia ban dau ctia chung t6i vé nhitng tai liéu nghién ctru c6 lién quan, rd rang
1a van chua c6 cac quy chudn va tiéu chudn qudc gia vé bao dam stic khoe cho quan thé su tir duoc
nudi nhét vi muc dich thwong mai trong cac trang trai.

Mic khac, viéc giam dan quy mo hodc chdm dut hoat ddong nudi nhét sw tir khong vi muc dich
bao ton & Nam Phi c6 thé gitp loai bd cac mdi de doa d6i véi stic khoe ddng vat va stec khoe cong
dong gan lien véi nganh cong nghiép nay. Tuy nhién, cac nd liec tap trung vao cai thién chan nudi,
giam nhu cau tiéu dung ddi véi su tir (va cac dan xudt ctia ching), ting cudng thuec thi va cung cap
cac wu dai kinh t& cho c6ng nhan trang trai sé can duoc xem xét nham ngan chin bat ky hau qua
khéng mong mudn nao lién quan dén phuc loi va bao ton su tit cing nhuw sinh k&€ cua dia phuong.

4.5. Han ché’

Chting t6i thita nhan rang viéc gi6i han tim kiém dit liéu trong khoang thoi gian mudi ndm va
chi sit dung mot co sd dit liéu hoc thuat duy nhét sé han ché s6 lugng nghién ctru c6 lién quan trong
béo céo ctia chung toi. Ngoai ra, chung tdi ciing nhan thdy réng can phai c6 thém nghién cttu tai chd
dé xac dinh ty 1& m&c va mirc do pho bién ctia cac sinh vat gay bénh cu thé (¢ ca quan thé su ttr nudi
nhot va hoang da), dong thoi, gitip xac dinh nhitng bénh truyén nhiém nao cé nhiéu kha nang anh
hudng dén su tit hon trong nhitng diéu kién nhét dinh. Tuy nhién, chiing t6i khong cé y dinh cung
cap mot cai nhin tong quan toan dién vé tdt ca cdc mam bénh anh huong dén su tie chau Phi hoac
cung cdp di liéu thong ké cu thé vé su xudt hién cua chung. Thay vao d6, muc dich nghién ctu cua
ching t6i la tao ra mot ban danh sach ban dau vé cac tac nhan gay bénh chinh va cac bénh c6 lién
quan, dong thoi mo ta cac mdi lo ngai tiém an déi véi strc khoe cua ca su tir va con nguoi. Mac du
nghién cttu ctia ching t6i c6 thé bo qua mot s tac nhan gay bénh c6 lién quan, nhung ching toi hy
vong s€ chitng minh dwoc réng, chi can cham vao bé mat ctia linh vuc nay, ching t6i da xac dinh
duoc mot khia canh can xem xét nhung trude day da bi bo qua — khia canh sé ngay cang thu hut su
cht y trong tuong lai.

5. Két luan

Cac yéu t6 van hda xa hdi, chinh tri, kinh t€ va bao téon da va dang tao ra mot cudc tranh luén
phtic tap va nhiéu sac thai xung quanh nganh céng nghiép nuéi nhét su tir vi muc dich thuong mai
tai Nam Phi [133]. Tuy nhién, néu khong tinh dén cac khia canh kinh té, dao dic va méi truong, de
liéu dugc trinh bay trong nghién cttu nay chi ra rang nganh cong nghiép nudi nhét sw ti tiém an
nguy co d6i voi stec khoe dong vat hoang da va sttc khoe cong dong. Nhitng danh gid ban dau vé cac
nghién cttu ¢ lién quan da cho thady mot danh sach dai va da dang cac sinh vat gay bénh duoc cho
la ¢6 anh huong dén su ttr chau Phi, mot s sinh vat c6 thé 1ay truyén sang nguoi. Voi di liéu vé cac
tac nhan gay bénh da duoc xac dinh, su phat trién ctia nganh cong nghiép nay trong vai thap ky qua
va s6 luong ngay cang tang nhitng nguoi tiép xac truc ti€p véi su te séng va/hodc cac bo phan va
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dan xuat ctia chting, chung t6i kién nghi cdc co quan hitu quan can kiém tra, xem xét k§ hon cac chinh
sach va quy trinh hién hanh lién quan dén hoat dong nudi nhét sw ttr vi muc dich thwong mai, dac
biét 1a dwdi lang kinh an toan sinh hoc. Hon nita, d€ bao vé sttc khoe cong dong va su tit mot cach
thich hop, diéu tdi quan trong la cac khuyén nghi xudt phat tir cac cudc kiém tra ndi trén can phai
duoc thuc hién véi cac muc tiéu ¢é thoi han rd rang, trong ca cong tac trién khai va thuec thi.

Dong gop cua tac gia: Khai niém, N.D.C,, ].G. va L.D.W; phuong phap, N.D.C. va J.G.; phan tich chinh thtc,
J.G.; diéu tra, N.D.C, ].G,, CJ, LD.W,, E.A,, AP. va N.B.; nguén, N.D.C, ].G.,, CJ.,, LD.W, E.A, AP. va N.B;
quan ly di liéu, J.G.; viét—chuan bi ban thao dau tién, J.G. va N.D.C,; viét—duyét va bién tap, ].G.,, N.D.C,,
L.D.W., CJ;hinh anh, J.G,; giam sat, N.D.C. and L.D.W_; hanh chinh du 4n, J.G. T4t ca cac tac gia da doc va dong
y v6i phién ban dwoc cong b ctia ban thao.

Tai trg: Nghién cttu nay khong nhan tai tro tir bén ngoai

Loi cdm on: Chung t6i xin guii 10i cam on chan thanh dén Gilbert Sape, Edith Kabesiime, Patrick Muinde, and
Paul Giess vi da cung cap nhitng binh luan va phan hoéi httu ich cho phién ban trudc cta ban thao nay.

Xung d6t loi ich: Cac tac gia tuyén bd khong c6 xung dot loi ich.

References

1. Can, O.E; D'Cruze, N.; Macdonald, D.W. Dealing in deadly pathogens: Taking stock of the legal trade in
live wildlife and potential risks to human health. Glob. Ecol. Conserv. 2019, 17, e00515.

2. Grace, D.; Gilbert, ].; Randolph, T.; Kang’ethe, E. The multiple burdens of zoonotic disease and an ecohealth
approach to their assessment. Trop. Anim. Health Prod. 2012, 44, 67-73.

3.  Fukushima, C.S.; Mammola, S.; Cardoso, P. Global wildlife trade permeates the Tree of Life. Biol. Conserv.
2020, 247, 108503.

4. Zhang, T.; Wu, Q.; Zhang, Z. Probable pangolin origin of SARS-CoV-2 associated with the COVID-19
outbreak. Curr. Biol. 2020, 30, 1346-1351.e2.

5. Chapman, B. Coronavirus could deliver $8.8 trillion hit to global economy without government
intervention, bank says. Independent 2020. Available at:
https://www.independent.co.uk/news/business/news/coronavirus-global-economy-impact-gdp-covid-19-
a9516806.html [Accessed on 28th August 2020]

6.  Karesh, W.B.; Dobson, A.; Lloyd-Smith, ].O.; Lubroth, J.; Dixon, M.A.; Bennett, M.; Aldrich, S.; Harrington,
T.; Formenty, P.; Loh, E.H.; et al. Ecology of zoonoses: Natural and unnatural histories. Lancet 2012, 380,
1936-1945, d0i:10.1016/S0140-6736(12)61678-X.

7. Smith, KM.; Zambrana-Torrelio, C.; White, A.; Asmussen, M.; Machalaba, C.; Kennedy, S.; Lopez, K.; Wolf,
T.M.; Daszak, P.; Travis, D.A. Summarizing US wildlife trade with an eye toward assessing the risk of
infectious disease introduction. EcoHealth 2017, 14, 29-39.

8. Levinson, J.; Bogich, T.L.; Olival, K.J.; Epstein, J.H.; Johnson, C.K.; Karesh, W.; Daszak, P. Targeting
Surveillance for Zoonotic Virus Discovery. Emerg Infect Dis 2013, 19, 743-747, d0i:10.3201/eid1905.121042.

9. Morse, S.S.; Mazet, J.A.; Woolhouse, M.; Parrish, C.R.; Carroll, D.; Karesh, W.B.; Zambrana-Torrelio, C.;
Lipkin, W.I.; Daszak, P. Prediction and prevention of the next pandemic zoonosis. Lancet 2012, 380, 1956
1965.

10. Petrovan, V.; Murgia, M.V.; Wu, P.; Lowe, A.D,; Jia, W.; Rowland, R.R. Epitope mapping of African swine
fever virus (ASFV) structural protein, p54. Virus Res. 2020, 279, 197871.

11. Karesh, W.B.; Cook, R.A.; Bennett, E.L.; Newcomb, J. Wildlife trade and global disease emergence. Emerg.
Infect. Dis. 2005, 11, 1000.

12. Watsa, M.; Group, W.D.S.F. Rigorous wildlife disease surveillance. Science 2020, 369, 145-147,
doi:10.1126/science.abc0017.

13. Kimman, T.; Hoek, M.; de Jong, M.C. Assessing and controlling health risks from animal husbandry. NJAS
Wagening. J. Life Sci. 2013, 66, 7-14.

14. Mukarati, N.L.; Vassilev, G.D.; Tagwireyi, W.M.; Tavengwa, M. Occurrence, prevalence and intensity of
internal parasite infections of African lions (Panthera leo) in enclosures at a recreation park in Zimbabwe.
J. Zoo Wildl. Med. 2013, 44, 686—693.



Animals 2020, 10, x FOR PEER REVIEW 12 of 18

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Whitehouse-Tedd, K.M.; Lefebvre, S.L.; Janssens, G.P. Dietary factors associated with faecal consistency
and other indicators of gastrointestinal health in the captive cheetah (Acinonyx jubatus). PLoS ONE 2015,
10, e0120903.

Auliya, M.; Hofmann, S.; Segniagbeto, G.H.; Assou, D.; Ronfot, D.; Astrin, ].J.; Forat, S.; Ketoh, GK.K,;
D’Cruze, N. The first genetic assessment of wild and farmed ball pythons (Reptilia, Serpentes, Pythonidae)
in southern Togo. Nat. Conserv. 2020, 38, 37.

Dutton, A.J.; Hepburn, C.; Macdonald, D.W. A stated preference investigation into the Chinese demand
for farmed vs. wild bear bile. PLoS ONE 2011, 6, e21243.

Moyle, B. Conservation that’s more than skin-deep: Alligator farming. Biodivers. Conserv. 2013, 22, 1663
1677.

Wong, T.C.; Ng, R.; Cai, L.M. Sustainability in the Fur Industry. In Sustainability in Luxury Fashion Business;
Springer, New York City, USA, 2018; pp. 133-152.

Tappe, D.; Meyer, M.; Oesterlein, A.; Jaye, A.; Frosch, M.; Schoen, C.; Pantchev, N. Transmission of
Armillifer armillatus ova at snake farm, The Gambia, West Africa. Emerg. Infect. Dis. 2011, 17, 251-254,
doi:10.3201/eid1702.101118.

Enserink, M. Coronavirus rips through Dutch mink farms, triggering culls. Science 2020, 368, 1169-1169,
doi:10.1126/science.368.6496.1169.

Hutchinson, A.; Roberts, D.L. Differentiating captive and wild African lion (Panthera leo) populations in
South Africa, using stable carbon and nitrogen isotope analysis. Biodivers. Conserv. 2020, 1-19.

Outhwaite, W. The Legal and Illegal Trade in African Lions; TRAFFIC, Cambridge, UK: 2018;

Young, E. Some important parasitic and other diseases of lion, Panthera leo, in the Kruger National Park.
J. S. Afr. Vet. Assoc. 1975, 46, 181-183.

Kim, K.T,; Lee, S.H.; mi Kwak, D. Dermatophytosis on an African lion and transmission to human.
LHEt+0/3 5] gt =rf=/8 & & 2015, 543-543.

Caliendo, V.; Bull, A.C; Stidworthy, M.F. Congenital biliary tract malformation resembling biliary
cystadenoma in a captive juvenile African lion (Panthera leo). J. Zoo Wildl. Med. 2012, 43, 922-926.

Kelly, P.; Marabini, L.; Dutlow, K.; Zhang, J.; Loftis, A.; Wang, C. Molecular detection of tick-borne
pathogens in captive wild felids, Zimbabwe. Parasites Vvectors 2014, 7, 514.

Molia, S.; Kasten, RW.; Stuckey, M.].; Boulouis, H.-].; Allen, J.; Borgo, G.M.; Koehler, ].E.; Chang, C.C.;
Chomel, B.B. Isolation of Bartonella henselae, Bartonella koehlerae subsp. koehlerae, Bartonella koehlerae
subsp. bothieri and a new subspecies of B. koehlerae from free-ranging lions (Panthera leo) from South
Africa, cheetahs (Acinonyx jubatus) from Namibia and captive cheetahs from California. Epidemiol. Infect.
2016, 144, 3237-3243.

Briins, A.C.; Tanner, M.; Williams, M.C.; Botha, L.; O’Brien, A.; Fosgate, G.T.; Van Helden, P.D.; Clarke, J.;
Michel, A.L. Diagnosis and implications of Mycobacterium bovis infection in banded mongooses (Mungos
mungo) in the Kruger National Park, South Africa. . Wildl. Dis. 2017, 53, 19-29.

Cross, P.C.; Heisey, D.M.; Bowers, ].A.; Hay, C.T.; Wolhuter, J.; Buss, P.; Hofmeyr, M.; Michel, A.L.; Bengis,
R.G,; Bird, T.L.F. Disease, predation and demography: Assessing the impacts of bovine tuberculosis on
African buffalo by monitoring at individual and population levels. ]. Appl. Ecol. 2009, 46, 467-475.
Kosmala, M.; Miller, P.; Ferreira, S.; Funston, P.; Keet, D.; Packer, C. Estimating wildlife disease dynamics
in complex systems using an Approximate Bayesian Computation framework. Ecol. Appl. 2016, 26, 295—
308.

Maas, M.; Keet, D.F.; Rutten, V.P.; Heesterbeek, J.A.P.; Nielen, M. Assessing the impact of feline
immunodeficiency virus and bovine tuberculosis co-infection in African lions. Proceedings of the Royal Soc.
B Biol. Sci. 2012, 279, 4206-4214.

Miller, M.; Buss, P.; Hofmeyr, J.; Olea-Popelka, F.; Parsons, S.; van Helden, P. Antemortem diagnosis of
Mycobacterium bovis infection in free-ranging African lions (Panthera leo) and implications for
transmission. J. Wildl. Dis. 2015, 51, 493-497.

Miller, M.; Joubert, J.; Mathebula, N.; De Klerk-Lorist, L.-M.; Lyashchenko, K.P.; Bengis, R.; van Helden, P.;
Hofmeyr, M.; Olea-Popelka, F.; Greenwald, R. Detection of antibodies to tuberculosis antigens in free-
ranging lions (Panthera leo) infected with Mycobacterium bovis in Kruger National Park, South Africa. J.
Zoo Wildl. Med. 2012, 43, 317-323.

Miller, M.A ; Buss, P.; Sylvester, T.T.; Lyashchenko, K.P.; deKlerk-Lorist, L.-M.; Bengis, R.; Hofmeyr, M.;
Hofmeyr, J.; Mathebula, N.; Hausler, G. Mycobacterium bovis in free-ranging lions (panthera leo)—



Animals 2020, 10, x FOR PEER REVIEW 13 of 18

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Evaluation of serological and tuberculin skin tests for detection of infection and disease. ]. Zoo Wildl. Med.
2019, 50, 7-15.

Newkirk, K.M.; Beard, L.K.; Sun, X.; Ramsay, E.C. Investigation of enrofloxacin-associated retinal toxicity
in nondomestic felids. J. Zoo Wildl. Med. 2017, 48, 518-520.

Olivier, T.T.; Viljoen, LM.; Hofmeyr, J.; Hausler, G.A.; Goosen, W.].; Tordiffe, A.5.W.; Buss, P.; Loxton, A.G,;
Warren, RM.; Miller, M.A. Development of a Gene Expression Assay for the Diagnosis of M ycobacterium
bovis Infection in African Lions (P anthera leo). Transbound. Emerg. Dis. 2017, 64, 774-781.

Sylvester, T.T.; Martin, L.E.R.; Buss, P.; Loxton, A.G.; Hausler, G.A.; Rossouw, L.; van Helden, P.; Parsons,
S.D.C.; Olea-Popelka, F.; Miller, M.A. Prevalence and risk factors for Mycobacterium bovis infection in
African lions (Panthera leo) in the Kruger National Park. J. Wildl. Dis. 2017, 53, 372-376.

de Sousa, K.C.M.; Herrera, H.M.; Secato, C.T.; do Vale Oliveira, A.; Santos, F.M.; Rocha, F.L.; Barreto,
W.T.G.; Macedo, G.C.; de Andrade Pinto, P.C.E.; Machado, R.Z. Occurrence and molecular characterization
of hemoplasmas in domestic dogs and wild mammals in a Brazilian wetland. Acta tropica 2017, 171, 172—
181.

Ribeiro, C.M.; de Matos, A.C.; Richini-Pereira, V.B.; Lucheis, S.B.; Azzolini, F.; Sipp, ]J.P.; Lima, P.P.;
Katagiri, S.; Vidotto, O. Occurrence and phylogenetic analysis of ‘Candidatus Mycoplasma
haemominutum’in wild felines from Parana, Brazil. Semina Ciéncias Agrdrias 2017, 38, 2837-2844.

Krengel, A.; Meli, M.L.; Cattori, V.; Wachter, B.; Willi, B.; Thalwitzer, S.; Melzheimer, J.; Hofer, H.; Lutz, H.;
Hofmann-Lehmann, R. First evidence of hemoplasma infection in free-ranging Namibian cheetahs
(Acinonyx jubatus). Vet. Microbiol. 2013, 162, 972-976.

Nagao, Y.; Nishio, Y.; Shiomoda, H.; Tamaru, S.; Shimojima, M.; Goto, M.; Une, Y.; Sato, A.; Ikebe, Y.;
Maeda, K. An outbreak of canine distemper virus in tigers (Panthera tigris): Possible transmission from
wild animals to zoo animals. ]. Veterinary Medical Science 2011, 1112250745-1112250745.

Roelke-Parker, M.E.; Munson, L.; Packer, C.; Kock, R.; Cleaveland, S.; Carpenter, M.; O’Brien, S.J.;
Pospischil, A.; Hofmann-Lehmann, R.; Lutz, H. A canine distemper virus epidemic in Serengeti lions
(Panthera leo). Nature 1996, 379, 441-445.

Alexander, K.A.; McNutt, ].W.; Briggs, M.B.; Standers, P.E.; Funston, P.; Hemson, G.; Keet, D.; Van Vuuren,
M. Multi-host pathogens and carnivore management in southern Africa. Comp. Immunol. Microbiol. Infect.
Dis. 2010, 33, 249-265.

Broekhuis, F.; Cushman, S.A.; Elliot, N.B. Identification of human-carnivore conflict hotspots to prioritize
mitigation efforts. Ecol. Evol. 2017, 7, 10630-10639.

Caillaud, D.; Craft, M.E.; Meyers, L.A. Epidemiological effects of group size variation in social species. J.
R. Soc. Interface 2013, 10, 20130206.

Hunter, L.T.; White, P.; Henschel, P.; Frank, L.; Burton, C.; Loveridge, A.; Balme, G.; Breitenmoser, C,;
Breitenmoser, U. Walking with lions: Why there is no role for captive-origin lions Panthera leo in species
restoration. Oryx 2013, 47, 19-24.

Jackson, C.R.; Masenga, E.H.; Mjingo, E.E.; Davies, A.B.; Fossey, F.; Fyumagwa, R.D.; Reskaft, E.; May, R.F.
No evidence of handling-induced mortality in Serengeti’s African wild dog population. Ecol. Evol. 2019, 9,
1110-1118.

Jhala, Y.V.; Banerjee, K.; Chakrabarti, S.; Basu, P.; Singh, K.; Dave, C.; Gogoi, K. Asiatic lion: Ecology,
economics and politics of conservation. Front. Ecol. Evol. 2019, 7, 312.

Konjevi¢, D.; Sabocéanec, R.; Grabarevic, Z; Zurbriggen, A.; Bata, I; Beck, A.; Kurilj, A.G.; Cvitkovi¢, D.
Canine distemper in Siberian tiger cubs from Zagreb ZOO: Case report. Acta Veterinaria Brno 2011, 80, 47—
50.

McDermid, K.R.; Snyman, A.; Verreynne, F.]J.; Carroll, ].P.; Penzhorn, B.L.; Yabsley, M.]. Surveillance for
viral and parasitic pathogens in a vulnerable African Lion (Panthera Leo) population in the Northern Tuli
Game Reserve, Botswana. |. Wildl. Dis. 2017, 53, 54-61.

Miller, S.M.; Bissett, C.; Burger, A.; Courtenay, B.; Dickerson, T.; Druce, D.]J.; Ferreira, S.; Funston, P.],;
Hofmeyr, D.; Kilian, P.]. Management of reintroduced lions in small, fenced reserves in South Africa: An
assessment and guidelines. Afr. J. Wildl. Res. 2013, 43, 138-154.

Norton, B.B.; Tunseth, D.; Holder, K; Briggs, M.; Hayek, L.-A.; Murray, S. Causes of morbidity in captive
African lions (Panthera leo) in North America, 2001-2016. Zoo biology 2018, 37, 354-359.

Oates, L.; Rees, P.A. The historical ecology of the large mammal populations of N gorongoro C rater, T
anzania, east A frica. Mammal Rev. 2013, 43, 124-141.



Animals 2020, 10, x FOR PEER REVIEW 14 of 18

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

O’brien, S.J.; Troyer, J.L.; Brown, M.A,; Johnson, W.E.; Antunes, A.; Roelke, M.E.; Pecon-Slattery, ]J.
Emerging viruses in the Felidae: Shifting paradigms. Viruses 2012, 4, 236-257.

Olarte-Castillo, X.A.; Hofer, H.; Goller, K.V.; Martella, V.; Moehlman, P.D.; East, M.L. Divergent sapovirus
strains and infection prevalence in wild carnivores in the Serengeti ecosystem: A long-term study. PLoS
ONE 2016, 11, e0163548.

Packer, C. The African lion: A long history of interdisciplinary research. Front. Ecol. Evol. 2019, 7, 259.
Rafiqi, S.I; Kumar, S.; Reena, K.K.; Garg, R.; Ram, H.; Karikalan, M.; Mahendran, K.; Pawde, A.M.; Sharma,
AK.; BANERJEE10, P. Molecu-lar characterization of Hepatozoon sp. and Babesia sp. isolated from
endangered asiatic lion (Panthera leo persica). Indian ]. Anim. Sci. 2018, 88, 662—6.

Watts, H.E.; Holekamp, K.E. Ecological determinants of survival and reproduction in the spotted hyena. J.
Mammal. 2009, 90, 461-471.

Chaber, A.-L.; Cozzi, G.; Broekhuis, F.; Hartley, R.; W. McNutt, J. Serosurvey for selected viral pathogens
among sympatric species of the African large predator guild in northern Botswana. J. Wildl. Dis. 2017, 53,
170-175.

Risi, E.; Agoulon, A.; Allaire, F.; Le Dréan-Quénec’hdu, S.; Martin, V.; Mahl, P. Antibody response to
vaccines for rhinotracheitis, caliciviral disease, panleukopenia, feline leukemia, and rabies in tigers
(Panthera tigris) and lions (Panthera leo). ]. Zoo Wildl. Med. 2012, 43, 248-255.

Trinkel, M.; Cooper, D.; Packer, C.; Slotow, R. Inbreeding depression increases susceptibility to bovine
tuberculosis in lions: An experimental test using an inbred—outbred contrast through translocation. J. Wildl.
Dis. 2011, 47, 494-500.

Adams, H.; Van Vuuren, M,; Kania, S.; Bosman, A.-M.; Keet, D.; New, J.; Kennedy, M. Sensitivity and
specificity of a nested polymerase chain reaction for detection of lentivirus infection in lions (Panthera leo).
J. Zoo Wildl. Med. 2010, 41, 608-615.

Broughton, H.M.; Govender, D.; Shikwambana, P.; Chappell, P.; Jolles, A. Bridging gaps between zoo and
wildlife medicine: Establishing reference intervals for free-ranging african lions (panthera leo). J. Zoo Wildl.
Med. 2017, 48, 298-311.

Filoni, C.; Helfer-Hungerbuehler, A.K.; Catdo-Dias, ]J.L.; Marques, M.C.; Torres, L.N.; Reinacher, M.;
Hofmann-Lehmann, R. Putative progressive and abortive feline leukemia virus infection outcomes in
captive jaguarundis (Puma yagouaroundi). Virol. J. 2017, 14, 226.

Fountain-Jones, N.M.; Packer, C.; Troyer, J.L.; VanderWaal, K.; Robinson, S.; Jacquot, M.; Craft, M.E.
Linking social and spatial networks to viral community phylogenetics reveals subtype-specific
transmission dynamics in African lions. J. Anim. Ecol. 2017, 86, 1469-1482.

Hayward, J.J.; Rodrigo, A.G. Molecular epidemiology of feline immunodeficiency virus in the domestic cat
(Felis catus). Vet. Immunol. Immunopathol. 2010, 134, 68-74.

Kerr, T.J.; Matthee, S.; Govender, D.; Tromp, G.; Engelbrecht, S.; Matthee, C.A. Viruses as indicators of
contemporary host dispersal and phylogeography: An example of feline immunodeficiency virus (FIVP le)
in free-ranging African lion (Panthera leo). J. Evol. Biol. 2018, 31, 1529-1543.

Roelke, M.E.; Brown, M. A ; Troyer, ].L.; Winterbach, H.; Winterbach, C.; Hemson, G.; Smith, D.; Johnson,
R.C.; Pecon-Slattery, J.; Roca, A.L. Pathological manifestations of feline immunodeficiency virus (FIV)
infection in wild African lions. Virology 2009, 390, 1-12.

Troyer, ].L.; Roelke, M.E.; Jespersen, ].M.; Baggett, N.; Buckley-Beason, V.; MacNulty, D.; Craft, M.; Packer,
C.; Pecon-Slattery, J.; O’Brien, S.J. FIV diversity: FIVPle subtype composition may influence disease
outcome in African lions. Vet. Immunol. Immunopathol. 2011, 143, 338-346.

Van Hooft, P.; Keet, D.F.; Brebner, D.K.; Bastos, A.D. Genetic insights into dispersal distance and disperser
fitness of African lions (Panthera leo) from the latitudinal extremes of the Kruger National Park, South
Africa. BMC Genet. 2018, 19, 21.

Meoli, R.; Eleni, C.; Cavicchio, P.; Tonnicchia, M.C.; Biancani, B.; Galosi, L.; Rossi, G. B-cell chronic
lymphocytic leukaemia in an African lion (Panthera leo). Veterindrni Medicina 2018, 63, 433—437.

Harrison, T.M.; McKnight, C.A.; Sikarskie, ].G.; Kitchell, B.E.; Garner, M.M.; Raymond, ].T.; Fitzgerald,
S.D.; Valli, V.E.; Agnew, D.; Kiupel, M. Malignant lymphoma in African lions (Panthera leo). Vet. Pathol.
2010, 47, 952-957.

Mourier, T.; Mollerup, S.; Vinner, L.; Hansen, T.A.; Kjartansdoéttir, K.R.; Freslev, T.G.; Boutrup, T.S,;
Nielsen, L.P.; Willerslev, E.; Hansen, A.J. Characterizing novel endogenous retroviruses from genetic
variation inferred from short sequence reads. Sci. Rep. 2015, 5, 15644.



Animals 2020, 10, x FOR PEER REVIEW 150f 18

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Duarte, M.D.; Barros, S.C.; Henriques, M.; Fernandes, T.L.; Bernardino, R.; Monteiro, M.; Fevereiro, M. Fatal
infection with feline panleukopenia virus in two captive wild carnivores (Panthera tigris and Panthera leo).
J. Zoo Wildl. Med. 2009, 40, 354-359.

Gillman, L.; Sdnchez, A.M.; Arbiza, ]J. Picobirnavirus in captive animals from Uruguay: Identification of
new hosts. Intervirology 2013, 56, 46—49.

Ahasan, M.S.; Subramaniam, K.; Sayler, K.A.; Loeb, J.C.; Popov, V.L.; Lednicky, ].A.; Wisely, S.M.; Krauer,
J.M.C.; Waltzek, T.B. Molecular characterization of a novel reassortment Mammalian orthoreovirus type 2
isolated from a Florida white-tailed deer fawn. Virus Res. 2019, 270, 197642.

Orbell, G.M.B.; Young, S.; Munday, ].S. Cutaneous sarcoids in captive African lions associated with feline
sarcoid-associated papillomavirus infection. Vet. Pathol. 2011, 48, 1176-1179.

Kraberger, S.; Serieys, L.; Fountain-Jones, N.; Packer, C.; Riley, S.; Varsani, A. Novel smacoviruses
identified in the faeces of two wild felids: North American bobcat and African lion. Arch. Virol. 2019, 164,
2395-2399.

Chhibber-Goel, J.; Joshi, S.; Sharma, A. Aminoacyl tRNA synthetases as potential drug targets of the
Panthera pathogen Babesia. Parasites Vectors 2019, 12, 482.

Githaka, N.; Konnai, S.; Kariuki, E.; Kanduma, E.; Murata, S.; Ohashi, K. Molecular detection and
characterization of potentially new Babesia and Theileria species/variants in wild felids from Kenya. Acta
tropica 2012, 124, 71-78.

Williams, B.M.; Berentsen, A.; Shock, B.C.; Teixiera, M.; Dunbar, M.R.; Becker, M.S.; Yabsley, M.J.
Prevalence and diversity of Babesia, Hepatozoon, Ehrlichia, and Bartonella in wild and domestic carnivores
from Zambia, Africa. Parasitol. Res. 2014, 113, 911-918.

Di Cesare, A.; Laiacona, F.; Iorio, R.; Marangi, M.; Menegotto, A. Aelurostrongylus abstrusus in wild felids
of South Africa. Parasitology research 2016, 115, 3731-3735.

Berentsen, A.R.; Becker, M.S.; Stockdale-Walden, H.; Matandiko, W.; McRobb, R.; Dunbar, M.R. Survey of
gastrointestinal parasite infection in African lion (Panthera leo), African wild dog (Lycaon pictus) and
spotted hyaena (Crocuta crocuta) in the Luangwa Valley, Zambia. Afr. Zool. 2012, 47, 363-368.

Seltmann, A.; Webster, F.; Ferreira, 5.C.M.; Czirjak, G.A.; Wachter, B. Age-specific gastrointestinal parasite
shedding in free-ranging cheetahs (Acinonyx jubatus) on Namibian farmland. Parasitol. Res. 2019, 118, 851—
859.

Dubey, ].P. A review of Cystoisospora felis and C. rivolta-induced coccidiosis in cats. Vet. Parasitol. 2018,
263, 34-48.

Alvarado-Esquivel, C.; Gayosso-Dominguez, E.A.; Villena, I.; Dubey, J.P. Seroprevalence of Toxoplasma
gondii infection in captive mammals in three zoos in Mexico City, Mexico. ]. Zoo Wildl. Med. 2013, 803-806.
Ferreira, S.C.M.; Torelli, F.; Klein, S.; Fyumagwa, R.; Karesh, W.B.; Hofer, H.; Seeber, F.; East, M.L. Evidence
of high exposure to Toxoplasma gondii in free-ranging and captive African carnivores. Int. J. Parasitol.
Parasites Wildl. 2019, 8, 111-117.

Eom, K.S,; Park, H.; Lee, D.; Choe, S.; Kang, Y.; Bia, M.M,; Lee, S.-H.; Keyyu, J.; Fyumagwa, R.; Jeon, H.-K.
Molecular and morphologic identification of Spirometra ranarum found in the stool of African lion,
Panthera leo in the Serengeti plain of Tanzania. Korean ]. Parasitol. 2018, 56, 379.

Eom, K.S,; Park, H.; Lee, D.; Choe, S.; Kang, Y.; Bia, M.M.; Ndosi, B.A.; Nath, T.C.; Eamudomkarn, C,;
Keyyu, J. Identity of Spirometra theileri from a Leopard (Panthera pardus) and Spotted Hyena (Crocuta
crocuta) in Tanzania. Korean |. Parasitol. 2019, 57, 639-645.

Jeon, H.-K,; Kim, K.-H.; Sohn, W.-M.; Eom, K.S. Differential Diagnosis of Human Sparganosis Using
Multiplex PCR. Korean ]. Parasitol. 2018, 56, 295.

Eberhard, M.L.; Thiele, E.A.; Yembo, G.E.; Yibi, M.S.; Cama, V.A.; Ruiz-Tiben, E. Thirty-Seven Human
Cases of Sparganosis from Ethiopia and South Sudan Caused by Spirometra Spp. Am. J. Trop. Med. Hyg.
2015, 93, 350-355.

Anderson, N.E; Mubanga, J.; Fevre, EM.; Picozzi, K., Eisler, M.C.; Thomas, R.; Welburn, S.C.
Characterisation of the wildlife reservoir community for human and animal trypanosomiasis in the
Luangwa Valley, Zambia. PLoS Negl. Trop. Dis. 2011, 5.

Sheng, Z.-H.; Chang, Q.-C.; Tian, S.-Q.; Lou, Y.; Zheng, X.; Zhao, Q.; Wang, C.-R. Characterization of
Toxascaris leonina and Tococara canis from cougar (Panthera leo) and common wolf (Canis lupus) by
nuclear ribosomal DNA sequences of internal transcribed spacers. Afr. |. Microbiol. Res. 2012, 6, 3545-3549.



Animals 2020, 10, x FOR PEER REVIEW 16 of 18

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

1009.

110.

111.

112.

113.

114.

115.

116.

117.

Xue, L.-M.; Chai, J.-B.; Guo, Y.-N.; Zhang, L.-P; Li, L. Further studies on Toxascaris leonina (Linstow, 1902)
(Ascaridida: Ascarididae) from Felis lynx (Linnaeus) and Panthera leo (Linnaeus)(Carnivora: Felidae). Acta
Parasitol. 2015, 60, 146-153.

Marucci, G.; La Grange, L.J.; La Rosa, G.; Pozio, E. Trichinella nelsoni and Trichinella T8 mixed infection in
a lion (Panthera leo) of the Kruger National Park (South Africa). Vet. Parasitol. 2009, 159, 225-228.
Maruping-Mzileni, N.T.; Funston, P.J.; Ferreira, S.M. State-shifts of lion prey selection in the Kruger
National Park. Wildl. Res. 2017, 44, 28-39.

Groom, R.J.; Funston, P.J.; Mandisodza, R. Surveys of lions Panthera leo in protected areas in Zimbabwe
yield disturbing results: What is driving the population collapse? Oryx 2014, 48, 385-393.

Roos, E.O.; Olea-Popelka, F.; Buss, P.; Hausler, G.A.; Warren, R.; Van Helden, P.D.; Parsons, S.D.; de Klerk-
Lorist, L.-M.; Miller, M.A. Measuring antigen-specific responses in Mycobacterium bovis-infected
warthogs (Phacochoerus africanus) using the intradermal tuberculin test. BMIC Vet. Res. 2018, 14, 1-7.
Viljoen, ILM.; Van Helden, P.D.; Millar, R.P. Mycobacterium bovis infection in the lion (Panthera leo):
Current knowledge, conundrums and research challenges. Vet. Microbiol. 2015, 177, 252-260.

McCain, S.; Allender, M.C.; Schumacher, J.; Ramsay, E. The effects of a probiotic on blood urea nitrogen
and creatinine concentrations in large felids. ]. Zoo Wildl. Med. 2011, 42, 426-429.

Gross-Tsubery, R.; Chai, O.; Shilo, Y.; Miara, L.; Horowitz, LH.; Shmueli, A.; Aizenberg, I.; Hoffman, C,;
Reifen, R.A.M.; Shamir, M.H. Computed tomographic analysis of calvarial hyperostosis in captive lions.
Vet. Radiol. Ultrasound 2010, 51, 34-38.

Saqib, M.; Abbas, G.; Mughal, M.N. Successful management of ivermectin-induced blindness in an African
lion (Panthera leo) by intravenous administration of a lipid emulsion. BMC Vet. Res. 2015, 11, 287.

Loots, A.K.; Cardoso-Vermaak, E.; Venter, E.H.; Mitchell, E.; Kotzé, A.; Dalton, D.L. The role of toll-like
receptor polymorphisms in susceptibility to canine distemper virus. Mamm. Biol. 2018, 88, 94-99.

Deem, S.L.; Spelman, L.H.; Yates, R.A.; Montali, R.J. Canine distemper in terrestrial carnivores: A review.
J. Zoo Wildl. Med. 2000, 31, 441-451.

Steinel, A.; Parrish, C.R.; Bloom, M.E.; Truyen, U. Parvovirus infections in wild carnivores. J. Wildl. Dis.
2001, 37, 594-607.

Keet, D.F.; Michel, A.L.; Bengis, R.G.; Becker, P.; Van Dyk, D.S.; Van Vuuren, M.; Rutten, V.; Penzhorn, B.L.
Intradermal tuberculin testing of wild African lions (Panthera leo) naturally exposed to infection with
Mycobacterium bovis. Vet. Microbiol. 2010, 144, 384-391.

Lane, E.P.; Brettschneider, H.; Caldwell, P.; Oosthuizen, A.; Dalton, D.L.; du Plessis, L.; Steyl, J.; Kotze, A.
Feline panleukopaenia virus in captive non-domestic felids in South Africa. Onderstepoort . Vet. Res. 2016,
83, 1-8, d0i:10.4102/0jvr.v83i1.1099.

Moudgil, A.D.; Singla, L.D.; Singh, M.P. An issue of Public Health concern due to emerging drug resistance
against Toxascaris leonina (Linstow, 1909) in Asiatic lions (Panthera leo persica). Int. J. Infect. Dis. 2016, 45,
105.

Bentubo, H.D.L,; Fedullo, ].D.L.; Corréa, S.H.R.; Teixeira, R.H.F.; Coutinho, S.D. Isolation of Microsporum
gypseum from the haircoat of health wild felids kept in captivity in Brazil. Braz. ]. Microbiol. 2006, 37, 148—
152.

Anonymous personal comms; 2019;

World Health Organisation Neglected Tropical Diseases; World Health Organisation, Geneva, Switzerland:
2020;

Odeniran, P.O.; Ademola, 1.O. Zoonotic parasites of wildlife in Africa: A review. Afr. J. Wildl. Res. 2016, 46,
1-13.

De Garine-Wichatitsky, M.; Caron, A.; Kock, R.; Tschopp, R.; Munyeme, M.; Hofmeyr, M.; Michel, A. A
review of bovine tuberculosis at the wildlife-livestock-human interface in sub-Saharan Africa. Epidemiol.
Infect. 2013, 141, 1342-1356.

Probst, C.; Parry, C.D.; Rehm, J. Socio-economic differences in HIV/AIDS mortality in South Africa. Tropical
Med. Int. Health 2016, 21, 846-855.

Tadokera, R.; Bekker, L.-G.; Kreiswirth, B.N.; Mathema, B.; Middelkoop, K. TB transmission is associated
with prolonged stay in a low socio-economic, high burdened TB and HIV community in Cape Town, South
Africa. BMC Infect. Dis. 2020, 20, 120.

Kiers, A.; Klarenbeek, A.; Mendelts, B.; Van Soolingen, D.; Koéter, G. Transmission of Mycobacterium
pinnipedii to humans in a zoo with marine mammals. Int. J. Tuberc. Lung Dis. 2008, 12, 1469-1473.



Animals 2020, 10, x FOR PEER REVIEW 17 of 18

118.

119.

120.

121.

122

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

IUCN SSC Cat Specialist Group 2020. Available at: https://www.facebook.com/ITUCN-SSC-Cat-Specialist-
Group-1478766355730648/ [ Accessed on 29t August 2020]

Peiris, ].M.; De Jong, M.D.; Guan, Y. Avian influenza virus (H5N1): A threat to human health. Clin.
Microbiol. Rev. 2007, 20, 243-267.

Opriessnig, T.; Huang, Y. Update on possible animal sources for COVID-19 in humans. Xenotransplantation
2020, 27, d0i:10.1111/xen.12621.

Goldstein, J.D. Bronx Zoo Tiger is Sick with Coronavirus. The New York Times, 2020. Available at:
https://www.nytimes.com/2020/04/06/science/tiger-cats-coronavirus.html [Accessed on 13" August 2020]
Steenhuisen, F.J.; Lorimer, ].; Street, P. Didiza’s attempt to legalise the consumption of wild animals is
unfathomable.  Available  online:  https://www.da.org.za/2020/05/didizas-attempt-to-legalise-the-
consumption-of-wild-animals-is-unfathomable. (accessed on 25th August 2020).

Daszak, P.; Cunningham, A.A.; Hyatt, A.D. Anthropogenic environmental change and the emergence of
infectious diseases in wildlife. Acta Tropica 2001, 78, 103-116.

Association of Zoos and Aquiariums African Lion Breeding Program Receives Award from Association of
Zoos & Aquariums. News Releases, 2018. Available at: https://www.aza.org/aza-news-
releases/posts/african-lion-breeding-program-receives-award-from-association-of-zoos--aquariums
[Accessed on 18t August 2020]

Williams, V.L.; Michael, J. Born captive: A survey of the lion breeding, keeping and hunting industries in
South Africa. PLoS ONE 2019, 14, e02174009.

Fobar, R. More than 100 neglected lions found in a South African breeding facility. National Geographic,
2019. Available at: https://www.nationalgeographic.co.uk/animals/2019/05/more-100-neglected-lions-
discovered-south-africa-breeding-facility [Accessed on 12t August 2020]

Katz, B. 108 Neglected Lions Found on South African Breeding Farm. Smithsonian Magazine, 2019. Available
at: https://www.smithsonianmag.com/smart-news/108-neglected-lions-found-south-african-breeding-
farm-180972146/ [Accessed on 20t August 2020]

Humphrey, T. Are happy chickens safer chickens? Poultry welfare and disease susceptibility. Br. Poult. Sci.
2006, 47, 379-391.

Saragusty, J.; Shavit-Meyrav, A.; Yamaguchi, N.; Nadler, R.; Bdolah-Abram, T.; Gibeon, L.; Hildebrandt,
T.B.; Shamir, M.H. Comparative skull analysis suggests species-specific captivity-related malformation in
lions (Panthera leo). PLoS ONE 2014, 9, €94527.

Beck, M.A.; Levander, O.A. Host nutritional status and its effect on a viral pathogen. J. Infect. Dis. 2000, 182,
593-596.

Woo, P.C,; Lau, S.K;; Yuen, K. Infectious diseases emerging from Chinese wet-markets: Zoonotic origins of
severe respiratory viral infections. Current opinion in infectious diseases 2006, 19, 401-407.

Wildlife Conservation Society Commercial Wildlife Farms in Vietnam: A Problem or Solution for Conservation?;
Wildlife Conservation Society: Hanoi, Vietnam, 2008;

Coals, P.; Burnham, D.; Loveridge, A.; Macdonald, D.W.; Sas-Rolfes, M. ’t; Williams, V.L.; Vucetich, J.A.
The Ethics of Human—Animal Relationships and Public Discourse: A Case Study of Lions Bred for Their
Bones. Animals 2019, 9, 52, d0i:10.3390/ani9020052.

Rendoén-Franco, E.; Romero-Callejas, E.; Villanueva-Garcia, C.; Osorio-Sarabia, D.; Mufioz-Garcia, C.I.
Cross transmission of gastrointestinal nematodes between captive neotropical felids and feral cats. J. Zoo
Wildl. Med. 2013, 44, 936-940.

Saegerman, C.; Dal Pozzo, F.; Humblet, M.-F. Reducing hazards for humans from animals: Emerging and
re-emerging zoonoses. Italian J. Public Health 2012, 9(2).

Halliday, J.; Daborn, C.; Auty, H.; Mtema, Z.; Lembo, T.; Bronsvoort, B.M. deC.; Handel, I.; Knobel, D.;
Hampson, K.; Cleaveland, S. Bringing together emerging and endemic zoonoses surveillance: Shared
challenges and a common solution. Philos. Trans. R. Soc. B Biol. Sci. 2012, 367, 2872-2880,
doi:10.1098/rstb.2011.0362.

Halliday, J.E.B.; Hampson, K.; Hanley, N.; Lembo, T.; Sharp, J.P.; Haydon, D.T.; Cleaveland, S. Driving
improvements in emerging disease surveillance through locally relevant capacity strengthening. Science
2017, 357, 146-148, doi:10.1126/science.aam8332.

© 2020 by the authors. Submitted for possible open access publication under the terms
@ ® and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).



Animals 2020, 10, x FOR PEER REVIEW 18 of 18



