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ABSTRACT

Objective: To collate and summarize reports of viral zoonoses

occurring at the human-animal interface in Southern Africa, along
with their associated risk factors.

Methods: A comprehensive search was implemented in PubMed,

Web of Science, Scopus and ProQuest databases for English
language publications. The search used a combination of keywords
for viral zoonoses, human-animal interface*, risk factor*, and
countries in Southern Africa. The search covered the period from 1
January 2000 to 18 April 2024.

Results: A total of 893 records were retrieved from the database,

with 17 articles included after screening. An additional 6 articles
were identified through reference list tracking, yielding a total of
23 included articles. Domestic dog bites were identified as the
primary source of rabies transmission across southern Africa, with
only few cases linked to jackals, mongooses, and cats. Reported
exposures for Rift Valley fever, Crimean-Congo hemorrhagic fever,
influenza, hantavirus and Wesselsbron virus were all associated with
occupational activities.

Conclusions: Preventive and mitigative strategies, such as dog

rabies vaccination, post-exposure prophylaxis, and the use of
personal protective equipment among animal workers - should be

intensified across the region.

KEYWORDS: Viral zoonoses; Human-animal interface; Spillover;

Southern Africa

1. Introduction

The human-animal interface is a critical pathway for the spillover
of zoonotic pathogens from animals to humans. Zoonotic diseases
are infectious diseases that can transmit between vertebrate animals

and humans|1]. In the last century, around two-thirds of emerging

infectious disease events have been zoonotic, and the majority of
these zoonoses (71%) have been of wildlife origin[2]. Viral zoonoses
continue to pose serious public health challenges with devastating
consequences|3], especially the recent Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) pandemic|4.5]. Outbreaks
from a range of these zoonotic pathogens have been reported across
Africa6]. Rabies, Rift Valley fever, avian influenza, and Crimean-
Congo haemorrhagic fever were identified among the top research
priorities for control of zoonoses in South Africal7]. In Southern
Africa, animal surveillance has revealed widespread circulation of
zoonotic viruses, including the rabies virus, Rift Valley fever virus,
filoviruses, influenza viruses, paramyxoviruses, and coronaviruses,
even in the absence of recorded outbreaks[8-23].

Given their origin, inter-species interaction has been identified
as an important factor in the spillover, amplification, and spread
of pathogens from wildlife to humans[24]. Humans have always
lived close to animals, and contact points and frequency have
changed as populations and interactions with nature have grown|25].
The human-animal interface refers to these points of interaction
between humans and animals, which encompasses both direct and
indirect contact with animals, including direct physical, indirect
environmental/ecological, and social/behavioural relationships
and interactions[26.27]. The occurrence of these interfaces is often
linked to human behaviour, cultural forces, and anthropogenic

activities[28-30]. Therefore, specific human-animal interfaces may
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vary by locations as a factor of the surrounding demographic,
cultural, and environmental context. This review aims to collate and
synthesize available evidence on viral zoonotic diseases affecting
humans at the human-animal interface and their associated risk
factors in Southern Africa., Given the critical need for surveillance
systems to focus on key interfaces and prioritize early detection and
response|31], this study will generate valuable insights into the major
and unique pathways of zoonotic spillovers in the region, thereby
informing targeted prevention strategies and strengthening public

health preparedness.

2. Methods

This review was registered in the international prospective register
of systematic reviews (PROSPERO) under the registration number
CRD42024537728, and reported according to Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)|[32].

2.1. Information sources and search strategy

A comprehensive search strategy was employed in PubMed,
Web of Science, Scopus and ProQuest databases for publications,
conference abstracts, and other data reports using a combination
of medical subheading (MeSH) terms and keywords for viral
zoonoses, human-animal interface®, risk factor* and the Southern
African countries. The search strategy was developed in PubMed
and then adapted for the other databases. The search in PubMed was
last executed on 18 April 2024 and on 25 April 2024 for the other

databases.

2.2. Eligibility criteria

For a record to be eligible for inclusion, it had to assess at least
one viral zoonotic disease among adults and/or children anywhere
in southern Africa. The record also needed to have mentioned the
human-animal interface implicated in the disease. The reference lists
of all included studies were also reviewed to identify other eligible
studies. Review articles, systematic reviews, as well as studies not
published in the English language were excluded. Considering the
recent advent of relevant surveillance technologies and availability
of high-quality data/sources, only articles published from the year
2000 onwards were considered. Grey literature like government

reports were not included in the study.

2.3. Screening process

Rayyan software was used to aid in tracking the literature
screening process|33]. Articles identified from the database search
were first screened for any duplicates, and duplicates with the same
titles and abstracts were removed. This was followed by screening
for relevant articles, which was conducted independently by two
reviewers (ADB and SM). First, titles and abstracts were screened
based on the eligibility criteria. Short-listed articles were then

retrieved for full-text review.

2.4. Data extraction

A pre-designed Google sheet data extraction form was used to

extract data on the article details, study details, and results/findings

= 893 records retrieved:
-2 PubMed (n=268)
é Scopus (n=94)
5 ProQuest (n=196)
2 Web of Science (n=335)
Duplicate records (7=365)
V
Records screened (titles and abstracts) (n=528)
Records excluded (n=498)
g) A\ 74
'g Full reports assessed for eligibility for retrieval (7=30)
[0
@ 13 reports excluded:
Wrong population (n=4)
Wrong outcome (n=5)
Wrong study design (n=4)
N
g Eligible reports (n=17) |——| Reference list tracking (n=6)
E
Q
k= | Total studies included in review (n=23) |

Figure 1. PRISMA flow diagram for the identification, screening, eligibility and inclusion of studies.
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from the included articles. Data extraction was performed by ADB 2.5 Risk of bias assessment
and cross-checked for accuracy by two other reviewers (SM and
SB). Although it was important for articles to specify the screening All included articles with quantitative study designs were assessed
and/or diagnostic test used for the virus, studies were not excluded ~ for Tisk of bias using the Joanna Briggs Institute (JBI) critical appraisal
if the viral disease was named without mention of the specific checklist comprising 8 items|34]. Each of the assessment criteria were
test. Data on Quality Assurance/Quality Control (QA/QC) and scored qualitatively as ‘low’, ‘some concerns’, or ‘high’ risk of bias.

validation procedures of the screening and/or diagnostic tests used To generate each article’s overall-risk-of-bias score, qualitative ratings

were extracted from each study, where available. These included ~ Were converted to numerical values (low = 3, some concerns = 2,

adherence to manufacturer protocols, use of internal controls and high = 1) and summed. The total was expressed as a percentage of the

participation in external quality assurance programs. Articles were maximum possible score (24). Each article was categorised based on

also not excluded for not reporting disease prevalence/incidence or 1S checklist score as low risk (>70%), unclear risk (60-69%), high risk
(<50-59%) or critical risk (<50%)35]. The robvis visualisation tool

was used to plot the assessment results.

risk factors. Additionally, articles were included if the implicated
animal was mentioned, regardless of whether the specific human-

animal interface was described.

000000000000000000

000000000000000000
000000000000000000
0000000000000 0000
000000000000000000
P00 0000000
000000000000000000
0000000000000 0006 0

D1: Criteria for inclusion in the sample clearly defined [ 1

D2: Study subjects and the setting described in detail I I |

D3: Exposure measured in a valid and reliable way [N ] ]

D4: Objective, standard criteria used for measurement of the condition [T T
D5: Confounding factors identified [

Deo: Strategies to deal with confounding factors stated [ I

D7: Outcomes measured in a valid and reliable way [N I

D8: Appropriate statistical analysis used [

Overall NN

0% 25% 50% 75% 100%

[ Noinformation [l High [ Unclear [I]Low

Figure 2. Assessment of bias traffic-light plot (A) and bias summary plot (B) of the included quantitative studies.
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2.6. Synthesis methods

Extracted data were analysed qualitatively to identify patterns,
themes, and concepts related to human-animal interfaces and
exposure to viral zoonoses across the studies. Gaps in research and

practice were also identified.

3. Results

The search process is presented in Figure 1. A total of 893
records were retrieved from the four databases, of which 365 exact
duplicates were removed. Thirty articles were selected for full-
text review, from which 13 were then excluded. An additional six
articles were identified through reference list tracking, resulting in
23 included articles. Figure 2 depicts the risk-of-bias assessment for
the quantitative studies included. Six studies (26%) were rated as
having an overall high risk of bias. More than half of the included
studies did not adequately address confounding and failed to apply
appropriate statistical analyses.

A summary of the findings from the included studies is presented
in Table 1. Eighteen (78%) of the included studies were conducted
in South Africa, two each in Zimbabwe and Mozambique, and one
in Namibia. Only three of the included papers were published before
the year 2010. The publications on rabies primarily comprised
secondary data analysis and case reports. Despite the varying trends
in different parts of the country, rabies epidemiology at the country
level remained essentially the same in South Africa between the
periods 1983-2007 and 2008-2017. Domestic dog bites were the
main source of rabies transmission across southern Africa, with
fewer cases linked to jackals, mongooses, and cats. Dog bites were
more frequently reported among males, younger individuals, and
residents of suburban areas. Data on post-exposure prophylaxis
were largely unavailable; however, available records indicate that
compliance was generally poor across the region. The reported
exposures for Rift Valley fever, Crimean-Congo hemorrhagic fever,
influenza, hantavirus and Wesselsbron virus were all related to
occupational activities. More than half of the included studies lacked
a reporting of the validation methods used for primary screening/

diagnosis of the viral disease.

4. Discussion

This review provides a comprehensive synthesis of viral zoonoses
at the human-animal interface specifically within southern Africa,

covering studies conducted over two decades (2003-2023). Unlike

prior work that often focused on individual pathogens, single
countries, or veterinary contexts, our review integrates diverse viral
diseases affecting humans and multiple animal reservoirs across the
region. By combining epidemiological, molecular, and serological
evidence from a wide array of studies, this review offers updated and
region-specific insights into the prevalence, transmission dynamics,
and risk factors of zoonotic viruses. These findings fill a critical
gap in the literature by elucidating the complex interplay between
humans, animals, and viral pathogens in southern Africa, thereby
informing more targeted and effective public health strategies and
research priorities in this high-risk and understudied setting.

Despite the well-recognised role of wildlife in zoonotic
transmission|2], the identified studies predominantly focused
on dogs and livestock, with minimal representation of wildlife
species. Dog bites — the primary human-animal interface for rabies
transmission[36,37.40,51] — are highly prevalent in the southern
African region[37.42,58]. Rabies control efforts should therefore
prioritize eliminating or reducing this interface[59] through dog
rabies vaccination programs[60-62] and improved access to post-
exposure prophylaxis[63].

In the included studies, exposures to Rift Valley fever, Crimean-
Congo hemorrhagic fever, West Nile fever, and hantaviruses were
occupational, consistent with findings from other regions[64-68].
Only one studyi51] assessed the effectiveness of personal protective
equipment (PPE) in preventing zoonotic disease transmission. In
Malawil69] and Zambia[13], poor occupational practices related to
Rift Valley fever, such as handling live animals, animal carcasses,
abortable materials, and neonatal deaths without PPE, were
frequently reported. Considering these risk factors, the use of PPEs
and disinfectants will likely reduce the risks of transmission[64].
Additionally, further research is required to explore behaviours
associated with wildlife contact like wildlife hunting, trading, and
consumption. Some exposures occurred in the context of animal
outbreaks[44.46.47,52], underscoring the need for clinicians to
maintain a high index of suspicion for specific zoonotic pathogens
when patients present from areas experiencing epizootics. Notably,
seropositivity for Chikungunya, Dengue, West Nile, and Rift Valley
fever viruses was detected among febrile patients in Mozambique
who were initially presumed to have malaria[65]. Similarly, a SARS-
CoV-2 survey in Zambia revealed higher prevalence among clinic
attendees compared to community members|70], highlighting the
critical role of health facilities in the surveillance of viral zoonoses.

Rabies was the most frequently cited virus, while important
viral families with known zoonotic potential, such as filoviruses,
coronaviruses and paramyxoviruses, were underrepresented.

Expanding the scope of One Health surveillance studies in southern
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Table 1. Summary of findings.
Author/ Year/ Study desi Sample size Viral pathogen/ Screening/ QA/QC or Validation Results(Prevalence risk  Animal-interface
Country/ Y design P disease diagnostic method Methods factors) type
Direct fluorescent
Not .
. antibody test on
applicable- brain impressions, ~ Not applicable
Szmyd- Retrospective  laboratory P ’ pplica . .
S and/or reverse (retrospective surveillance . Domestic dog
Potapczuk AV descriptive - confirmed . it oY : 353 lab confirmed rabies X
. Rabies transcription data review); no specific (predominantly),
2009(36] secondary data human rabies . A d case
i analysis cases for the Polymerase Chain  QA/QC procedures mongoose
South Africa ; Reaction (RT-PCR), reported
period 1983- o S
2007 virus _1solat1_on in
suckling mice
Not
Retrospective ?;lf(:;éci?(l:rl;- Flu_o rescent Not applicable .
Weyer J e antibody test . Dog-bite, scratch,
descriptive - confirmed . (retrospective record .
2020(37] . Rabies on postmortem- - ; 10.5 cases per year lick on open
. secondary data human rabies . review); no specific QA/
South Africa . collected brain wound
analysis cases for the QC procedures reported
. samples, RT-PCR
period 2008-
2018
. 7 human rabies cases;
Retrospective Not applicable 136 rabies cases per
Kubheka V Spe (retrospective surveillance sper
descriptive - 5139 dog . S . 100 000 dog-bite injuries; .
2013(38] . Rabies Not stated data review); no specific . Dog-bite
b Afii secondary data bite cases QA/QC procedures Rabies post exposure
South Africa analysis p prophylaxis reduces the
reported . .
risk of rabies
Postmortem
Mollentze N A 29-year- laboratory testing on Not specified in the Dog-direct
2013[39] Case report old canoeist Rabies brain and article; no detailed QA/QC  Tested positive contact (had
South Africa and farmer nuchal biopsy procedures reported rescued a puppy)
specimens
. . Not applicable
Pfukenyi DM dR:stz(r)ispgsg\_/e szsrf;es_ Fluorescent (retrospective surveillance Dog, jackal,
2007(40] P P Rabies . data review); no specific 42 (73.7%) were positive honey badger-
imbab secondary data human antibody test QA/QC procedures bite
Zimbabwe analysis samples p
reported
. o 0/ 1
Chikanya B 195 doe bite Not specified; no explicit gjt‘(/il;r:;: io.vsvrﬁ;rg?k
2021[41] Cross-sectional g Rabies Clinical QA/QC procedures bi N d S h P, Dog, jackal-bite
imbabwe cases reported 1tten in dog otspot,
e unvaccinated dog
Not applicable 14 rabies cases; Risk
Salomdo C  Retrospective 219 animal (retrospective and case-  factors: bite by stray dog,
2017(42] case series, bite cases Rabies Clinical control study); no specific  bite by unimmunised Dog-bite
Mozambique Case-control QA/QC or validation dog, no post exposure
procedures reported prophylaxis
Hikufe EH Not applicable (surveillance
201943] Retrospective Notstated  Rabies Clinical study)'; 10 specific QA/QC Inmdencc_:: 1.0Vto 2.4/ Kudu, jackal, cat,
ibi cohort or validation procedures 100 000 inhabitants/year dog
Namibia reported
Domestic and
wild ruminants-
direct contact
R-PCR, loop- Hisues, blood
mediated isothermal Not specified; the article or bo d’ fAuid ’
Archer BN 2009 Rift Valle amplification assays, does not detail specific ac uiri}; ’
2013(44] Cross-sectional suspected Y virus isolation, QA/QC or validation 15% prevalence quiting,
. fever L handling, or
South Africa RVF cases hemagglutination-  procedures for laboratory consumin
inhibition assays, or testing meat dire cgtl
IgM ELISA y
from a farm
or an informal
or traditional
butcher
. History of at least one
Y Not applicable (survey- zoonotic disease: 63.6%;
Gummow B fever, Orf, : ; : g
. 88 based study); no specific  Incidence density rate for Not stated-direct
2003[45] Cross-sectional .. Pseudocowpox, Not stated iy . .
. veterinarians A QA/QC or validation contracting a zoonotic ~ contact
South Africa RablCS, West d rted di - 0.06
Nile fover procedures reporte isease: 0.06 per person

year of exposure
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Author/ Year/ Study desi Samole size Viral pathogen/ Screening/ QA/QC or Validation Results(Prevalence risk Animal-interface
Country/ Y design P disease diagnostic method Methods factors) type
Seroprevalence: 9.1%;
Risk factors: slaughtering
animals), preparing/
) 802 farmers Not specified in the article; consuming meat of
Mismang V farm " Rift Valle no detailed QA/QC or hooved animals found Cattle. shee
2019146] Cross-sectional ¥ ELISA validation procedures dead, working on farm » Sheep,
workers, and fever . goats
South Africa ve terina;ians reported for laboratory with one or more man-
testing made dam structures for
holding water, injection
of and collection of
samples from animals
Not specified in the article;
Paweska 1395 febrile . o no detailed QA/QC or Prevalence: Inhibition ~ Nguni chickens,
2021[16] Cross-sectional and afebrile fR;\fterValley Isricl;gﬁ)tlon ELISA, L alidation procedures ELISA: 2.8%, 1gG: cattle, goats, or
South Africa patients gy reported for laboratory 2.6%, IgM: 0.8% ducks
testing
6 farm Standard laboratory
workers Eeﬂlz;CRl’uﬁnaﬁon protocols which have been Sheep-slaughter,
van Vuren who had . jemage previously validated for Rift . disposal of
201847 . Rift Valley inhibition assay . . Prevalence: ELISAand .
[47] Case report experienced .2 ... Valley fever virus detection ) - infected
. fever (HAI), RVF inhibition . Sy HAL 4 positive
South Africa RVF and antibody identification carcasses, or
. ELISA, and RVF IgM
compatible were followed for all the aborted lambs
ELISA R R
symptoms diagnostic assays
Occupational
Not specified in the article; :f;g’(gs (?n])figgl
Vawda S Crimean-Congo lire e e slau, htérers
2018[48] Cross-sectional 387 Fever &9 immunofluorescence  validation procedures Prevalence: 0.52% Ve tegrinarian;
South Africa assay I:gci):ed for laboratory T
s Recreational
hunters, Farmers)
Prevalence: 3.8% of farm
1040 Validated ELISA assays workers, 4.2% of wildlife
Msimang V livestock Crimean-Congo vxt/erzus;d, follgwing workers
2021[49] Cross-sectional and game  Hemorrhagic ~ ELISA standar Operzlgg . ) Cattle
h Affica industry Fever procedures an 1osafe_:ty Risk fa‘ctors. age,
Sout workers protocols to ensure reliable collecting samples from
results or giving injections to
animals, rainy season
Prevalence:
218 The assays followed .
Oludele J . . - Caia: IgM: 5.3%, IgG:
2023150 ot pastorahs_t Crimean-Congo standard operating o g .
" [ ]]3 Cross-sectional ey Paver Serology s E131(3Z /10 oM 3.3% TG Cattle-farming
Ozambique members consistency and reliability 0 8%' gV 2270, 18
Tests were conducted . .
following standard Prevall)ence. nasal was?.
laboratory protocols with 52'38 %, Ser‘ology. 29%
El Zowalaty . e Risk factors: male sex,
ME 87 swine appropriate positive and age group, worn cloth
2022[51] Cross-sectional orkers Influenza A PCR, Serology negative controls to ensure loves h,ile orkin Pig-farming
. W reliability. Assays were gloves whi'e W 8
South Africa validated and performed with animals m th; last
under biosafety and QA/ 30 d ays, working in
QC standards swine farms for 5 years
Survey 1:
207 animal
handlers
involved
in H5N2 .
outbreak }I;Iz;gllzgenic Serum Survey 1:
. o 0, -1 Q0
Venter M 21611’1\;1?:)12\/ od avian influenza hemagglutination =~ Microneutralization titer 251:\29 go AT Ostrich-cullin
2017[52] Cross-sectional in HN1 (HPA)H5N2, inhibition (HAI),  above 40 was defined as Hs:1 g’o/' H7:12.1% handlin e
South Africa . low-pathogenic Microneutralization positive o of See g
or previous L Survey 3
H5N2 avian influenza assays (MNAs) H5:2 70/' H7:11%
outbreaks AR SR
Survey 3:
38 vets
irrespective

of exposure



Viral at the antmal interface 7
Table 1. Continued.
Author/ Year/ Study desi Samole size Viral pathogen/ Screening/ QA/QC or Validation Results(Prevalence risk Animal-interface
Country/ udy design ple sz disease diagnostic method Methods factors) type
Standard protocols to
Venter M _ conﬁ.r_m. specificity and
2010(53] Case report Aveterinary e Nile virus RT-PCR sensitivity; laboratory 1 person infected Horse-autopsy
. student assays included positive
South Africa and negative controls for
quality assurance
Manufacturers’
instructions; internal
van Eeden M 125 West Nile vi Mi tralizati controls and standard Prevalence: Horse-regular
2014(54] Cross-sectional terinari Shes Srevirus, icroneutralization quality control West Nile virus-12.5%,  contact through
South Africa velernarans  Shunt virus assay procedures were applied Shuni virus- 4% veterinary care
to ensure accuracy and
reproducibility
119 non-
malaria Prevalence:
gAF.P) acute West Nile AF P: West Nile: 4.1%,
ebrile . S . . . - . Sindbis fever: 1.4%,
) . q Virus, Sindbis Not specified in the article; Chikuneunya: 0.0%
Simpson GIG patients a]1<1 fever virus, no detailed QA/QC or . ﬁu }; NI
2018[55] Cross-sectional 94 diptankers chikungunya  Serology validation procedures Rift Va ey fever: O'Q/f” Farming
. (cattle . . Diptankers: West Nile:
South Africa farmers, z;rﬁs’ Rflft rep (?rted for laboratory 3.1%, Sindbis fever:
herders, and vi?'u:y ever testing 3.1%, Chikungunya:
government 4.7%, Rift Valley fever:
veterinary 0.0%
staff)
Manufacturers’
van der instructions; internal
Westhuizen 307 £ controls and standard
CG Cross-sectional arm Hantavirus ELISA quality control Prevalence: 11.6%
2023[56] workers procedures were applied
South Africa to ensure accuracy and
reproducibility
ELISA - appropriate
positive and negative
Weyer J controls; RT-PCR -
2013(57] Case renort 2 suspected  Wesselsbron RTPCR standard protocols 5 Goats, sheep, and
Po! . . . cases .
South Africa RVF cases  virus with quality assurance cattle farming

measures, including the
use of controls and assay
validation

Africa to include these important viruses could be crucial in
preventing future outbreaks|71,72]. Given that these viruses have been
detected among animals in the region|15,17,20-23,73], the potential
for spillover events cannot be ruled out, underscoring the need
for ongoing surveillance to determine whether such exposures are
occurring. Angola, Botswana, Lesotho, Malawi, Eswatini, and
Zambia did not contribute data, as no eligible studies from these
countries were identified. The overall scarcity of eligible studies
did not allow for pooled regional or sub-regional estimates to be
calculated. Additionally, parallel, independent, and blind data
extraction and assessment of risk of bias were not conducted, which
may introduce errors and bias. Given that Angola and Mozambique
are Portuguese-speaking countries, it is likely that relevant literature
published in Portuguese were missed, as this review included only

English-language articles.

5. Conclusions

Overall, there is a pressing need for more robust studies analysing

both risk and protective factors at these human-animal interfaces,
including investigations into the role of PPE in preventing zoonotic
virus exposures. Better characterization of these potentially high-risk
interfaces will guide the development of tailored and evidence-based
interventions to reduce zoonotic spillover risk. The incomplete or
absent reporting of validation and quality control procedures in the
majority of studies raises concerns about potential bias, highlighting
the need for standardized reporting guidelines in zoonotic disease
surveillance research. Furthermore, strengthening capacity and
fostering multidisciplinary collaborations within One Health research
will enhance the quantity and quality of research outputs, ultimately
improving policy-making, especially in the underrepresented

countries.
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