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To comprehend the effects of emerging infectious diseases on both human and animal health, it is necessary 
to understand the ecology of pathogens that have wildlife reservoirs. In this study, we determined the 
prevalence of the parasites Trypanosoma spp. and filarial nematodes in the bloodstream of birds in and around 
the Kruger National Park, South Africa, partly to test the hypothesis that season influences parasitaemia. 
Other factors considered were foraging habits, gregariousness or solitariness, and whether location might 
facilitate contact between birds and parasite vectors. Microscopy was used to screen stained blood smears 
prepared from 685 captured birds of 87 species. It was found that 3.9% of the birds were infected with filarial 
nematodes (as reflected by the presence of microfilariae) and 3.1% with Trypanosoma spp. No cases of co-
infection with both types of parasite were encountered. Ground-foraging and solitary birds had the highest 
parasite prevalences compared to other birds. Infections were recorded throughout the year at all six sites. 
The respective percentages of birds harbouring the two parasite types in the dry season were the same (both 
2.3%), whereas microfilariae dominated in the wet season (6.9%) and the prevalence of Trypanosoma spp. 
then was 1.4%. These findings represent new knowledge concerning avian haemoparasite prevalence in an 
Afrotropical setting – something that has so far been poorly studied.

Significance:
•	 The determination by microscopy of the prevalence of microfilariae of filarial nematodes (3.9%) and 

Trypanosoma spp. (3.1%) in the peripheral blood of 685 birds of 87 species provides new knowledge 
on birds in Africa.

•	 Unexpectedly, ground-foraging and solitary birds had the highest parasite prevalences.

•	 The possibility of human infection with these two types of avian parasites is considered.

Introduction
Wildlife species serve as reservoirs for the transmission of more than 60% of emerging infectious diseases.1 
We therefore need to know more about the ecology of pathogens that have wildlife reservoirs, particularly at 
human–wildlife interfaces where susceptibility to disease spill-over can be high. Disease ecologists have thus 
increased their surveillance of hosts in wildlife populations so as to help predict and manage zoonotic disease 
outbreaks.2 Surveillance is also needed for organisms which are not necessarily zoonotic but might be harmful 
within wildlife populations themselves.

In this study, we investigated the prevalence of Trypanosoma spp. and microfilariae of filarial nematodes in the 
peripheral blood of wild birds. These two organisms, which are referred to here as haemoparasites, also occur 
widely in vertebrates in general. However, few studies have focused on bird hosts in subtropical African regions. 
The pathogenicity of avian trypanosomes and filarial helminths for birds may have been underestimated, and 
birds found dead should accordingly be examined.3 The two groups of parasites considered here have not been 
prioritised in past research, yet they can be useful as models for host–parasite interactions.4 The ecology of their 
vectors, the drivers of infection, and the exact timing and location of the acquisition of infection within the host 
lifespan still need to be thoroughly documented.5,6

Trypanosomes are common protozoan parasites that are transmitted to vertebrates by arthropods or leeches (apart 
from the sexually transferred Trypanosoma equiperdum). Serious disease is caused by particular Trypanosoma 
species in humans and domestic livestock, but in wild birds, trypanosomes are considered to be far less pathogenic 
or even non-pathogenic. Avian trypanosomes belong to three different groups and several lineages.4,7 They have 
occasionally been found to give rise to clinical signs8,9 and can have a wide range of bird hosts10. Recent molecular 
evidence indicates that some avian trypanosomes might infect wild mammals.11 Experimentally, the mammalian 
Trypanosoma evansi has been transmitted to nestling pigeons.12

Microfilariae are larval helminth stages in the bloodstream or skin of vertebrates and are produced by adult female 
filarioid nematodes living in the body. Although by no means a commonly diagnosed zoonosis13, human infections 
with filarial nematodes that normally parasitise other vertebrates are nevertheless often reported from around the 
world. It is likely that filarial parasites of vertebrates in the wild frequently develop (undiagnosed) in humans to 
some extent.13 As an example, avian Pelecitus has been associated with human eye infection.14,15

The vectors involved in filarial nematode transmission are haematophagous arthropods. Microfilariae are sucked 
up by the vector when it ingests blood from an infected host. The microfilariae then develop into infective larvae 
in the vector and can in due course be transferred to another host through feeding by the vector. The adult filarial 
nematodes occur in parts of the body which are not accessible if the host is alive and thus cannot be detected. 
The generic identity of adult helminths from birds as well as of some avian microfilariae can be determined relatively 
easily on the basis of their morphological characteristics, but identification of microfilariae to the species level can 
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be more difficult or impossible.16,17 In the current state of knowledge, it is 
in fact frequently not feasible to identify even genera on the basis of the 
morphology of microfilariae from birds.18 Some microfilariae found during 
avian haematozoan surveys will be those of previously undescribed taxa.

It is generally assumed that the prevalence of haemoparasites is 
determined inter alia by weather changes and other environmental 
variables. The weather is thought to be particularly influential19 because 
the biology of parasite vectors such as biting midges and mosquitoes is 
strongly influenced by seasonal fluctuations in temperature and rainfall. 
Vector efficacy is usually higher during summer and suppressed in 
winter, as temperatures become less favourable.

Haemoparasite infection in the avian host is affected by both intrinsic 
factors, such as the host’s age, physiological and immune status, and 
extrinsic factors, such as habitat type and the quality and abundance 
of food.20 It is also thought to be related to the density of the host 
population and to the frequency of host exposure to infective parasite 
stages. Gregarious social behaviour may sometimes increase exposure 
and, consequently, parasite prevalence and load.21,22 Foraging height is 
another contributing factor. As an example, a study by Astudillo et al.23 
investigated the probability of occurrence of haemoparasite infections 
in birds of different foraging guilds. The middle-upper vertical feeding 
stratum was dominated by Trypanosoma spp., whereas the frequency 
with which microfilariae were encountered was similar across different 
foraging guilds.

Parasite prevalence information for wild birds is useful for risk mapping 
of infections that could be transmitted to domestic poultry or pet birds 
in surrounding human settlements, although the origin of infections in 
such hosts can be uncertain.24,25 Given that avian parasitism is driven 
by environmental as well as intrinsic factors26, we hypothesised that 
trypanosome and microfilarial parasite prevalence is affected by both. 
We attempted to explore how seasonal changes (wet vs dry), study 
areas, and land use type (inside vs outside the Park) affected prevalence. 
We also looked at how avian parasite prevalence differs by host species, 
and whether it seems to be affected by traits such as foraging height 
and gregariousness. We hypothesised that haemoparasites might 
be more prevalent in birds at sites in the southern region of the Park, 
where the higher annual rainfall would have a direct impact on potential 
vector establishment.

To obtain a representative indication of the occurrence of haemoparasites 
across the study area, the primary aim was to collect blood from as many 
bird species as possible with different habits and in different localities. 
Our assumption was that birds foraging near water bodies would have a 
higher haematozoan prevalence because they would spend a significant 
part of the day and night closer to where some vectors breed, thereby 
inadvertently increasing their chances of becoming infected. Birds 
that forage in tree canopies, on the other hand, are expected to have 
a lower overall prevalence of haematozoan infection because the risk 
of transmission of some parasites decreases with increasing height.23

The focus of the present study was limited to the occurrence of 
Trypanosoma spp. and filarial nematodes, although other avian haematozoa 
occur in the study area as well.

Methods
Study sites
Birds were sampled at four Lowveld sites in the Kruger National Park: 
Skukuza (24º99´S, 31º60´E), Satara (24º39´S, 31º77´E), Shangoni 
(23º45´S, 30º97´E) and Shingwedzi (23º11´S, 31º43´E); and at two 
sites outside the Park: Phalaborwa (23º94´S, 31º14´E) and Mkhuhlu 
(24º59´S, 31º14´E). The climate in this whole area is subtropical. 
Summers are hot and humid with temperatures that can exceed 38 °C, 
while winters are usually free of frost, the average minimum temperature 
being around 10  °C. The region receives summer rainfall during the 
months of September to May, with a rainfall gradient that decreases from 
the southern to the northern parts of the Park (from 750 mm to 350 mm 
per annum). Drought commonly occurs in the region.27

Sample collection
Birds were caught in 2016 using mist nets and walk-in traps during 
both dry (April–September) and wet (October–March) seasons at two 
sampling locations per site. Sampling effort was equivalent across all six 
sites, with four mist nets and two walk-in traps used at each sampling 
location. Sampling took place twice at all locations other than the 
Shangoni and Phalaborwa sites, where difficulties resulted in sampling 
only once, during the dry season. Trapping of birds was carried out in 
the morning (06:00–09:00) and late afternoon (16:00–19:00) when 
temperatures were low, so as to minimise the birds’ stress. Mist nets 
and walk-in traps were in use at the abovementioned times only and 
were constantly checked for caught birds.   

Screening for haemoparasites
The captured birds were individually marked with a metal South African 
Bird Ringing Unit (SAFRING) band. After blood samples had been taken, 
birds were released in the same locality where they had been caught. For a 
separate haemoparasite-related study, body mass and moult status were 
recorded, as well as standard measurements of tarsus length, and head 
and culmen lengths. Blood samples were collected by puncturing a blood 
vessel in the right wing with a sterile 25 G needle and drawing blood into a 
75 µL micro-haematocrit capillary tube. Although obtaining blood from the 
brachial vein like this has been shown to underestimate the prevalence of 
microfilariae, as compared to blood taken from the pulmonary artery28, the 
latter is not possible in live birds. Two blood smears were prepared from 
each bird sampled. The slides were air dried in the field, and then fixed with 
absolute methyl alcohol shortly after preparation to preserve the integrity 
of the cells and increase their rigidity before the slides were transported 
to the Skukuza Scientific Services Laboratory. Blood smears were stained 
with 10% Giemsa solution. The duplicate slide, which was not examined, 
was deposited with Scientific Services for curation purposes.

One blood smear from each bird was screened as follows for the presence 
of parasites, using an Olympus BX40 compound microscope: an area of 
the blood film approximately one third from the end of the slide was selected 
for examination, beginning at low magnification, i.e. x100, followed by 
x400 and then x1000, using oil immersion. Each slide was screened by 
moving two fields along the bottom edge, two fields up, two across and 
then two fields down, etc., and any parasites observed were recorded. 
The total number of fields covered on each slide at x400 magnification 
was 20. Photographs of parasites were taken with an Olympus S 30 
camera, as well as of any abnormalities, using analySIS getIT software 
(Version 5.1). Parasites other than microfilariae were identified to genus 
level and photographs of organisms (Figure 1) were sent to an avian blood 
parasite expert, Dr Michael Peirce (UK), for confirmation of identification.

Molecular diagnosis was not carried out during this study because of 
financial constraints.

dc

ba

Figure 1:	 Haemoparasites in avian blood films: Trypanosoma sp. in 
(a) a red-billed hornbill (Tockus erythrorhynchus) at Shingwedzi 
and (b) a yellow-fronted canary (Serinus mozambicus) at 
Skukuza. (c) and (d) Microfilariae in an African mourning dove 
(Streptopelia decipiens) at Shingwedzi.
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Data analysis
We first established the presence of the whole range of avian 
haemoparasites in the birds (regardless of sampling site and seasonal 
variation). This was then followed by calculating parasite prevalence 
at each site, taking seasonal variation into account. The prevalence 
amongst different family groups, foraging guilds and in relation to social 
behaviour (i.e. solitary or gregarious) was also determined. A Krustal-
Wallis test was used to ascertain whether there was any significant 
variation in infection prevalence between sites. To investigate whether 
there were any observable seasonal variations in infection, we used a 
Mann-Whitney U test. A Wilcoxon signed ranks test was also used to 
analyse the data from the four sites from which there were both wet and 
dry season samples. Data from Shangoni and Phalaborwa were excluded 
because for those two sites, there was only dry season information. 
A Kruskal–Wallis test was also used to test for the significance of 
infection as a function of foraging guild.

The comparative parasite prevalence was determined for each of the 
five most dominant family groups of birds (group sample n≥50). 
It was decided that a sample of less than 50 would not be adequate for 
accurate statistical analysis.29 Infection prevalence was also compared 
between solitary and gregarious birds using a Wilcoxon signed ranks 
test. All analyses were tested at the 5% level of significance using the 
IBM SPSS 23 software.30

Ethical clearance
The study was approved by the South African National Parks Board 
(research permit no: NDLM1262) and the University of the Witwatersrand’s 
Animal Ethics Screening Committee (clearance certificate no: 2015/02/B).

Results
Blood smears were prepared from a total of 685 birds of 87 species. 
Microfilariae and Trypanosoma spp. were detected by microscopy 
(Figure 1) and 48 birds of 18 species were found to be infected (Table 1). 
The prevalence of these haematozoa for all sites combined was 3.9% 
for microfilariae and 3.1% for Trypanosoma spp. Greater blue-eared 
starlings and red-billed hornbills had the highest parasite prevalences 
(Table 2). No co-infections with both parasite groups were recorded. 
Detected infections with each parasite were equal (both 2.3%) during the 
dry season, whereas during the wet season, microfilariae (6.9%) were 
more often encountered than Trypanosoma spp. (1.4%).

Despite equivalent sampling efforts at all six sites and during different 
seasons, the data were insufficient to determine whether infections 
in individual host species varied between sites and seasons. This is 
because the abundance of some bird species differed geographically 
and seasonally, resulting in various species not being captured at all 
sites during both seasons. Furthermore, Phalaborwa and Shangoni could 
only be sampled once, during the dry season. We found no seasonal 
variations in infection prevalence, at all sites combined, for Trypanosoma 
(U=8.50, p=0.454) and microfilariae (U=9.00, p=0.495).

Individual parasite prevalence did not differ significantly between foraging 
guilds (Trypanosoma: H3=2.601, p=0.457; microfilariae: H3=0.473, 

p=0.925). In almost all the avian families listed in Table 3, microfilariae 
were more prevalent than Trypanosoma spp. The highest microfilarial 
prevalence was recorded in Bucerotidae (12.5%) and Columbidae 
(11.5%), whereas no microfilariae were detected in Hirundinidae (0%). 
Trypanosomes occurred most frequently in Bucerotidae (7.1%), whilst 
their lowest prevalence was in Passeridae and Sturnidae (both 1.6%), 
with no infections seen in Columbidae (Table 3). Solitary birds had the 
highest number of infections by both filarial nematodes (revealed by the 
presence of microfilariae in the bloodstream) and Trypanosoma spp. 
(Table 4).

Table 1:	 Avian species in which Trypanosoma spp. and microfilariae 
were detected

Common name Species
Haemoparasite 

present

African jacana Actophilornis africanus M (1)

African mourning dove Streptopelia decipiens M (6)

Ashy flycatcher Muscicapa caerulescens T (1), M (1)

Black-collared barbet Lybius torquatus M (1)

Blue waxbill Uraeginthus angolensis T (1)

European swallow Hirundo rustica T (1)

Greater blue-eared starling Lamprotornis chalybaeus T (3), M (4)

Green wood-hoopoe Phoeniculus purpureus M (1)

House sparrow Passer domesticus T (1), M (1)

Laughing dove Streptopelia senegalensis T (1), M (2)

Long-billed crombec Sylvietta rufescens T (1)

Marabou stork Leptoptilos crumeniferus M (1)

Melba finch Pytilia melba M (1)

Red-billed hornbill Tockus erythrorhynchus T (2), M (5)

Southern grey-headed sparrow Passer diffusus T (2), M (1)

Southern yellow-billed hornbill Tockus leucomelas T (1), M (2)

Spectacled weaver Ploceus ocularis T (1)

Yellow-fronted canary Serinus mozambicus T (6)

TOTALS T (21), M (27) 

T, Trypanosoma; M, microfilaria(e)

Figures in parentheses are the number of birds infected with that particular parasite 
out of 685 birds of 87 species from which blood was examined. No cases of co-
infection with both types of parasite were found.
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Table 2:	 Birds with the highest infection prevalence, correlated with their habits

Common name Species Foraging guild Social association Sample size Haemoparasite present

Greater blue-eared starling Lamprotornis chalybaeus Ground Gregarious 170 T (3), M (4)

Red-billed hornbill Tockus erythrorhynchus Ground Solitary 35 T (2), M (5)

African mourning dove Streptopelia decipiens Ground Solitary 14 M (6)

Yellow-fronted canary Serinus mozambicus Ground Solitary 22 T (5)

TOTALS 241 T (10), M (15)

T, Trypanosoma; M, microfilaria(e)

Figures in parentheses represent the number of birds infected by the corresponding parasite. No cases of co-infection with both types of parasite were found.

https://doi.org/10.17159/sajs.2023/10358
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Table 4:	 Haemoparasite prevalence as a function of social association 

Parasite†
Prevalence (%)

Gregarious Solitary

Trypanosoma 1.25 4.38

Microfilariae 2.19 20.00

†No cases of co-infection with both types of parasite were found.

Discussion
The combined parasite prevalence for all sites was low but similar to 
those that have been recorded elsewhere.31-33 However, our findings 
differ from a prevalence of more than 30% in African rainforest birds.34 
It should be noted that there are parasite prevalence determination 
variables when screening for avian parasites using microscopy. Birds 
with acute infections may be relatively immobile35 and hence will not 
be sampled when mist nets are used for trapping. Another factor is that 
we recorded infections in birds caught during the day. Other research 
has demonstrated circadian periodicity for microfilariae, such as a 1.4% 
prevalence in the American robin Turdus migratorius when sampled in 
daytime and a 11.1% prevalence when roosting robins were sampled 
at night.32 During a more recent investigation, the parasitaemia for both 
trypanosomes and microfilariae was found to peak around midnight17, 
perhaps because that is when the particular transmitting vectors 
concerned are active. The vectors involved in the transmission of avian 
trypanosomes in general are, however, diverse36,37, and little is currently 
known about avian haemoparasite vectors in the Afrotropical region38.

The similarity in haemoparasite prevalence at the six sites in the Kruger 
National Park is evidence of the geographically widespread occurrence 
of avian haematozoa in the region. It was not possible to interpret the 
patterns of distribution of infections, given that wild birds are highly 
mobile. As in previous studies34, we found that the collection site was not 
an important factor in predicting infection with Trypanosoma spp. and 
filarioid nematodes. Because the sampling sites represented a variety 
of landscapes (vegetation etc.), our results suggest that the vectors 
responsible for the transmission of trypanosomes and filarial nematodes 
are ubiquitous in and around the Park. The altitude at which blood of the 
various birds was sampled in this study is similar. 

Given the ectothermic nature of vectors that are insects, we had 
assumed that seasonal variations in temperature and rainfall were 
likely to drive the patterns of prevalence in the environment.39 However, 
our findings in the Kruger National Park area do not support this 
hypothesis. Although temperature is an important variable for predicting 
the prevalence, distribution and diversity of haemoparasites40, an 
explanation for our results could conceivably have been the unusually 
high winter temperatures during 2016 (mean = 20 °C and maximum = 
29.2 °C)41. This possibly contributed to the infection of birds during the 
winter months (a time when the incidence of infection is expected to be 
low). Alternatively, the infections recorded during that winter might have 
been long-standing ones. The unusually warm winter could in theory 
have altered the distribution of vectors or extended their breeding time 
into the dry season. In fact, global warming is expected to alter wildlife 
ranges and expand the distribution of vector-borne diseases19,42, which 
could result in novel risks43,44. Moreover, there is the possibility that 

under warmer conditions, vectors might facilitate the transmission of 
parasites throughout the year.

We cannot conclude that foraging in wetlands is a predictor for a higher 
combined prevalence of haemoparasites of all kinds, as has been found 
elsewhere26, because of our small sample size for aquatic bird species 
(n=12) and detection of infection in only one Egyptian goose Alopochen 
aegyptiacus. Our assumption was that birds foraging near water bodies 
would have a higher haematozoan prevalence as they would spend a 
significant part of their day closer to where some vectors breed, thereby 
inadvertently increasing the chances of becoming infected. By contrast, 
birds that forage in tree canopies are expected to have a lower overall 
haematozoan infection prevalence as the risk of transmission of some 
parasites decreases with vertical distance (elevation).23 In the present 
study, birds feeding on the ground had the highest prevalence of infection 
with Trypanosoma spp. and microfilariae. This would seem to be 
compatible with a finding elsewhere in Africa that birds which follow army 
ant columns and feed on insects flushed by them have a higher prevalence 
in their blood of trypanosomes and microfilariae than other birds.45 It is 
also interesting to note that the prevalence of both parasites was higher in 
the present study in solitary birds than in gregarious birds (Table 4). This 
is contrary to the logic which predicts a higher prevalence in birds that are 
more social. We therefore suggest that avian social behaviour (gregarious 
vs solitary) as a prevalence predictor might be heavily dependent on the 
kind of parasite, and affect bird family groups differently.  

The findings here challenge current paradigms in avian parasitology, 
which predict clear variations in haemoparasite prevalence according 
to social behaviour and environmental factors, especially location and 
season. Worldwide, the situation probably varies, however. Our generally 
low parasite prevalences hindered the application of conventional 
analysis for elucidating the basis for prevalence patterns. Nevertheless, 
the results of this study suggest that a host’s family group and foraging 
guild may generally still be a good predictor of prevalence.

Future studies should consider nesting height and nest structure, as 
infection of nestlings could be important, and because adult birds that 
are immobile at the nest will no doubt be particularly susceptible to 
vector bites. When interpreting infection patterns, future research should 
also take into consideration co-infection with all haematozoa present, 
because interactions via the immune system could perhaps take place.46 
For instance, the presence of filarial nematodes might predispose to 
avian malaria.47    
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Table 3:	 Prevalence of parasites according to Aves families. Only bird families from which more than 50 individuals were examined are included here. 

Parasite†
Prevalence (%)

Sturnidae Passeridae Columbidae Bucerotidae Hirundinidae

Trypanosoma 1.60 1.60 0 7.14 1.96

Microfilariae 2.13 1.06 11.48 12.50 0

†No cases of co-infection with both types of parasite were found.
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