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Abstract: We sampled 417 swallows in a wetland ecosystem of Zimbabwe in February 2010 and October 2011. RT-PCR tests revealed
circulation of avian paramyxovirus type I, avian influenza and West Nile disease viruses in these populations. We discuss the relevance of
these findings in relation to what is known on the epidemiology of these viruses in these hosts and in relation to the host ecology. We

conclude with recommendations to focus more research on Passeriformes in disease ecology and in particular on the hirundinidae family.
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The contribution of wild bird species to the transmission 
and maintenance of multi-host pathogens, including avian 
paramyxovirus type I (causing Newcastle disease—NCD), 
avian influenza (AIV) and West Nile disease (WNV) 
viruses, remains poorly known. There are more than 10,000 
wild bird species worldwide (Boyd 2015) with highly di-
verse life-history traits and ecology (i.e. social, foraging or 
movement behaviour), resulting in heterogeneous compe-

tence among species for pathogen transmission. Poor 
understanding of the relative role of wild birds in multiple

disease ecology can therefore compromise surveillance and

control efforts.

The family hirundinidae is composed of 83 swallow 
and martin species with several ecological traits that could 
promote pathogen transmission and spread over large 
geographic regions (Viana et al. 2016). They are cos-
mopolitan, breeding on all continents except Antarctica 
and on many islands. Many species are long-distance mi-

grants that connect the Northern and Southern hemi-

spheres. For example, some barn swallow (Hirundo rustica) 
populations breed in temperate regions of northern Europe 
and overwinter in Africa, after a migration approaching 
10,000 kms. They are usually highly gregarious and at some 
sites congregate in mono- or multi-species roosts of mil-
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Figure 1. Population dynamics of hirundinidae in the Lake Manyame and Chivero, Zimbabwe (the study site), during 2 years preceding the 
epidemiological study. Based on focal count of 30 min, four times per counting week per site (n = 14 sites), a week every 2 months during 
2 years (for more details see Caron et al. 2010). Dark grey: barn swallow (Palearctic migrant); grey: all hirundinidae species counted on sites 
(n = 6); light grey: nomadic and resident hirundinidae species (n = 5). The vertical axis is a proxy of relative abundance across the sites.

Table 1. RT-PCR Results of 417 Hirundinidae Cloacal Samples for Avian Influenza Viruses (AIV), Avian Paramyxovirus Type 1

(APMV-1) and West Nile Viruses, (WNV) Captured and Sampled During Two Sampling Sessions in a Roosting Site (S17�49,917;

E030�40,242).

Common name

Latin name

February 2010 (Before migration to Northern

hemisphere)

October 2011 (After arrival from Northern hemisphere)

n AIV APMV-1 WNV n AIV APMV-1 WNV

Pos. Inf. ratio Pos. Inf. ratio Pos. Inf. ratio Pos. Inf. ratio (%) Pos. Inf. ratio Pos. Inf. ratio (%)

Barn swallow

Hirundo rustica

133 4 3.0%

[0.1–5.9]

2 1.5%

[0.0–3.6]

8 6.0%

[2.0–10.1]

17 0 0.0 1 5.9%

[0.0–17.4]

0 0.0

Brown-throated martin

Riparia paludicola

74 1 1.4%

[0.0–4.0]

0 0.0% 3 4.1%

[0.0–8.6]

179 0 0.0 12 6.7%

[3.0–10.4]

0 0.0

Sand martin

Riparia riparia

4 0 – 0 0.0% 0 – 2 0 0.0 0 0.0% 0 0.0

Banded martin

Riparia cincta

– – – – – – – 7 0 0.0 0 0.0% 0 0.0

White-throated swallow

Hirundo albigularis

– – – – – – – 1 0 0.0 0 0.0% 0 0.0

Total 211 5 2.4%

[0.3–4.4]

2 0.9%

[0.0–2.3]

11 5.2%

[2.2–8.2]

206 0 0.0 13 6.3%

[3.0–9.6]

0 0.0

For each pathogen and host species, the number of bird sampled (n) and the number of positive (Pos.) are given as well as the infection ratio (Inf. Ratio) and the

confidence interval at 95% [CI 95%]
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lions of individuals (Bijlsma and van den Brink 2005). 
Swallows and martins often nest in close association with 
people in cities, towns and villages, including inside the 
home (e.g. roofs eaves) providing potential pathogen 
transmission to domestic animals and humans.

Despite these epidemiological risk factors, their sus-
ceptibility to avian pathogens has been poorly investigated. 
No positivity for WNV was detectable in swallow species in 
Europe and Africa (Balanca et al. 2009, Chevalier et al. 
2009). Similarly, little information is available on APMV-1 
in these species, but it is hypothesised that most bird spe-
cies are susceptible to this pathogen (Kaleta and Baldauf 
1988). In a large dataset on AIV in wild birds across the 
world (http://dx.doi.org/10.5061/dryad.58g12), (Caron 
et al. 2017) hirundinidae tested positive for low pathogenic 
AIV in several studies, with a RT-PCR infection ratio of 
1.29%, revised to 1.50% with the present study.

During a longitudinal study of AIV in wild and 
domestic bird populations at two lakes close to Harare, 
Zimbabwe (details here Caron et al. 2010, 2012), the 
presence and behaviour of hirundinidae at the study sites 
were observed (Fig. 1) and a protocol was designed to screen 
populations of resident and migratory hirundinidae for a set 
of three important infectious pathogens: AIV, APMV-1 and 
WNV. More specifically, these species were identified on 
both ecological and epidemiological grounds as potential 
bridge hosts for AIV, with the capacity to transmit the 
viruses from the maintenance host (i.e. ducks) to poultry 
(Caron et al. 2015, 2017). Birds (n = 417) from five species 
(Hirundo albigularis, Hirundo rustica, Riparia cincta, Riparia 
paludicola, Riparia riparia) were captured by mist nets and 
sampled in February 2010 and October 2011 (Table 1) at a 
large roosting site estimated to consist of several dozens of 
thousand of birds. In October, migratory birds (i.e. barn 
swallows) have just arrived form their Palearctic breeding 
sites (Fig. 1) and in February, they had been at their 
wintering ground for 4–5 months and at the end of their 
stay in the southern hemisphere.

Cloacal and tracheal swabs were collected from each 
captured bird. Swabs were placed in viral transport med-

ium (phosphate-buffered saline, glycerol and antibiotics), 
kept on ice and subsequently placed in liquid nitrogen 
prior to shipment to the laboratory for testing. The batch 
from the 2010 mission was sent to the Onderstepoort 
Veterinary Institute. There, RNA was extracted using a 
Magna-Pure LC robotic system (Roche, USA). A single-
tube triplex RT-PCR technique for the three pathogens was 
used. Vetmax RT-PCR kits (LifeTechnologies) were used in 
conjunction with the primer and probe sets described for 
APMV-1 (Fuller et al. 2010), AIV (Spackman et al. 2003) 
and WNV (Zaayman et al. 2009). Probes had been fluo-
rogenically labelled with FAM, VIC or NED and reactions 
were analysed on a StepOnePlus machine (LifeTechnolo-
gies). Samples were considered positive if a clear logarith-
mic curve was observed in relation to the negative and 
positive controls, and a Ct value of < 35 was assigned. The 
batch from the 2011 mission was sent to the Istituto 
Zooprofilattico Sperimentale dell’Abruzzo e del Molise, 
Italy. Once purified by the High Pure Viral Nucleic Acid 
Kit (Roche, USA), the RNA was used to detect WNV (Ei-
den et al. 2010) and AIV and APM-1 (TaqMan� NDV 
Reagents, Ambion, USA). Unclear tests were repeated. The 
rate of infection was calculated as the percentage of positive 
individuals compared with the total number of individuals 
tested.

Results for each species, pathogen and by swab type are 
given in Tables 1 and 2. All birds were apparently healthy 
during the handling and were released successfully. We 
detected all three pathogens in Hirundo rustica, AIV and 
APMV-1 in Riparia riparia and no viruses in the smaller 
sample size of the remaining 3 species. To our knowledge, 
apart from AIV in Hirundo rustica, this is the first time that 
these pathogens were detected in these species. Of interest, 
none of the birds sampled had a co-infection of these pa-
thogens.

The ecosystem we studied has previously been shown

to harbour a continuous circulation of AIV in wild birds

Table 2. Positive Results Presented According to the Type of Swab (Cloacal and Tracheal).

Tracheal Cloacal Both

AIV 2 2 1

WNV 1 1 –

APMV-1 1/6 6/4 4/3

For APMV-1, the first number indicates results for the February 2010 batch and the second number for the October 2011 batch
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(Caron et al. 2011, 2012), probably not only in Anseri-
formes species as expected, but also in populations of species 
not usually considered as maintenance hosts. The results 
presented here point at hirundinidae species as candidate for 
such a contribution in a maintenance com-munity for AIV 
(Caron et al. 2017), given not only the presence of AIV 
detected, but also their life-history traits. The potential for 
NCD maintenance and spread by wild birds is suspected 
(Cappelle et al. 2015), but the assay we applied (Fuller et al. 
2010) detects both classes and all genotypes of APMV-1, 
including the avirulent strains typically associated with wild 
waterfowl. WNV amplifica-tion in wild birds is known on 
the American continent (Reed et al. 2003).

The large roost from which birds were sampled offers a 
massive density of multi-species host populations that pa-
thogens could use to be maintained. In addition, all five host 
species undertake intercontinental migration (Hirundo 
rustica) or nomadic movements within Africa (Hockey et al. 
2005). Pathogens harboured in these populations could 
therefore spread across regions and continents. Fi-nally, 
hirundinidae can also potentially transmit those pa-thogens 
to important populations of veterinary or public health 
concern (e.g. Caron et al. 2015, 2017) through the 
frequenting of farms or village buildings. The absence of 
AIV and WNV shortly after the arrival of Palearctic mi-

grants (Hirundo rustica) in the ecosystem can probably be 
explained by a small sample size of Hirundo rustica in 
October 2011; alternatively, by seasonal dynamics in pa-
thogens’ prevalence (although AIV have been previously 
observed circulating during this season, (Caron et al. 2011).

The particular behaviour of these species being mostly 
aerial, points to questions on how they get infected. The 
transmission pathways from swallows towards other hosts 
including humans can occur through infected faecal 
material deposited on a surface. However, the transmission 
pathways towards swallows could be much more limited. 
Swallows do not have much direct contact with other birds 
(except other swallows) or potentially infected environ-
ments. These limited potential pathways leading to an 
infection of hirundinidae from other hosts can be sum-

marised as follows: i) infection through insect bites (e.g. 
mosquito for WNV); ii) drinking from surface water (e.g. 
AIV can be maintained in water Lebarbenchon et al. 2011; 
Nazir et al. 2011); however, in open (not shallow) water 
where swallows are most likely to drink while flying, a 
dilution effect could reduce the risks of infection; iii) fi-
nally, at breeding sites, from mud collected from shallow

waters and transported in their throat to make their nests 
(where AIV and APMV-1 have more chances to be main-

tained in sediment than open water). If this infectious 
bottleneck is confirmed, one could hypothesise that pa-
thogens possibly evolve in a relatively closed host pool 
exclusively through intra- and interspecies transmission 
within hirundinidae populations or communities. Unfor-
tunately, no viruses were isolated from our samples and we 
could not compare them with other viruses from wild birds. 
These behavioural peculiarities seen under an epi-

demiological prism are shared with other animals including 
bats. Radiation of pathogens in a range of hosts has been 
shown to originate from bat species, and bats are consid-
ered a maintenance host for many pathogens (Escalera-
Zamudio 2016, Munster et al. 2016).

Swallows and martins are ubiquitous in many ecosys-
tems including in agricultural landscapes. Our results call 
for more investigation of hirundinidae communities and 
their pathogens as they could play a role in the mainte-

nance and transmission of pathogens of relevance. What is 
the effect of migration on the prevalence of these pathogens 
in these hosts? Are these viral strains part of broader pool 
maintained in wild birds, domestic poultry or both? What 
are the infectious transmission pathways from and to 
swallow populations?
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