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ABSTRACT: Birds from three National Parks
(Bwindi Impenetrable, Kibale, and Queen Eliz-
abeth) in western Uganda were surveyed dur-
ing the dry season in July 2003 and investigated
for hematozoa by microscopic examination of
stained blood films. Of 307 birds examined,
representing 68 species of 15 families and four
orders, 61.9% were found to be infected with
blood parasites. Species of Haemoproteus
(15.3% prevalence), Plasmodium (20.5%), Leu-
cocytozoon (40.1%), Trypanosoma (11.4%),
Hepatozoon (2.6%), Atoxoplasma (0.3%), and
microfilariae (3.9%) were recorded. Except for
Haemoproteus spp. infections, the overall prev-
alence of hematozoa belonging to all genera
was significantly higher in this study than was
previously reported in Uganda. Thirty-six spe-
cies of birds were examined for blood parasites
for the first time and 112 new host-parasite as-
sociations were identified. Eighty-one were at
the generic and 31 at the specific level of the
hematozoa. Hepatozoon and Atoxoplasma spp.
were detected for the first time in Uganda.

Key words:  Atoxoplasma, avian hematozoa,
Haemoproteus, Hepatozoon, Leucocytozoon,
microfilariae,  Plasmodium, Trypanosoma,
Uganda.

Although numerous surveys have been
conducted on the hematozoa of sub-Sahar-
an African birds (Bennett et al., 1992a;
Valkiiinas, 2005), some areas of the Ethio-
pian zoogeographical region remain insuf-
ficiently studied. Relatively little is known
about blood parasites of wild birds from
Uganda, a country of particular interest be-
cause of its diverse endemic avifauna that
is threatened by severe deforestation (Sek-
ercioglu, 2002). Hoare (1932) sampled 17
bird species in Uganda and reported a Plas-
modium sp. infection in only one specimen
of the common stonechat (Saxicola torqua-
ta). Two extensive studies were carried out
on blood parasites of wild birds on the En-
tebbe Peninsula (EP) in Uganda (Bennett
et al., 1974, 1977). Of 1,998 birds investi-

gated, 31% were found to be infected with
blood parasites. Interestingly, Haemoprote-
us spp. represented 91% of all detected in-
fections of hemosporidian parasites. The
prevalences of infections of birds with spe-
cies of Plasmodium, Leucocytozoon, Try-
panosoma, and microfilariae were recorded
to be less than 2% for the representatives
of each genus. However, these blood par-
asites are common in other countries of
sub-Saharan Africa (Bennett et al., 1992a).
Dranzoa et al. (1999) reported an uniden-
tified species of Haemoproteus (76% prev-
alence) and Plasmodium (29%) in the rock
pigeon (Columba livia) in Kampala. The
distribution of avian blood parasites in oth-
er regions of Uganda has not yet been in-
vestigated. Our objectives here were to fur-
ther study the avian hematozoa of Uganda
by providing the first documentation on the
occurrence and peculiarities of distribution
of these parasites in western regions of this
country.

Between 12 July and 25 July 2003 (the
dry season), blood smears of 307 birds (55
males, 52 females, and 200 of unidentified
sex) of 68 species belonging to 15 families
and four orders were collected for the pres-
ence of blood parasites (Table 1). All birds
sampled are known to be year-round resi-
dents. Among these birds were 18 speci-
mens of <1 yr old (young birds), 288 spec-
imens of >1 yr old (adult birds), and one
specimen of unidentified age. The sex and
age of each bird was determined according
to Stevenson and Fanshawe (2002). Birds
were caught with mist nets between day-
break (6:00 aM) and dusk (5:00 pP™m). They
were ringed, bled, and released. None of
them were recaptured. The blood was taken
by puncturing the brachial vein. Three
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blood films were prepared from each bird.
Blood films were air dried within 5-10 sec
after their preparation. In humid environ-
ments, we used a battery-operated fan to aid
in the drying of the blood films. Slides were
fixed in methanol in the field and then
stained with Giemsa in the laboratory. Blood
films were examined for 10—-15 min at low
magnification (400X) and then at least 100
fields were studied at high magnification
(1,000X). Intensity of infection was estimat-
ed as a percentage by actual counting of the
number of parasites per 1,000 red blood
cells or per 10,000 red blood cells if infec-
tions were light (ie., <0.1%), as recom-
mended by Godfrey et al. (1987). Species of
Trypanosoma and hemosporidian parasites
were identified according to the reviews by
Baker (1976) and Valkitinas (2005), in which
illustrations of all species of parasites men-
tioned in this article are given.

Sampling sites included 1) Bwindi Im-
penetrable National Park (BINP) (1°3.5'S,
29°46.5'E; 2,340 m above sea level,
n=123), 2) Kibale National Park (KNP)
(0°34.7'N, 30°21.3'E; 1,580 m, n=159),
and 3) Queen Elizabeth National Park
(QENP) (0°17.8’S, 30°3.0'E; 1,000 m,
n=25).

In BINP, the study site situated along a
mountain ridge consisted of dense, moist,
evergreen, montane forest close to moun-
tain marshes and secondary growth vege-
tation along permanent small, clean
streams. The annual mean temperature
range is 7-15 C minimum to 2027 C
maximum; annual precipitation lies in the
range 1,130-2,390 mm. In KNP, the study
site was moist evergreen forest with per-
manent small, clean streams. The forest is
a mixture of pure forest stands and suc-
cessional grassland, swamp forests, and
secondary forests. The mean annual pre-
cipitation is approximately 1,740 mm. The
annual mean temperature ranges between
16.2 C and 23.3 C. In QENP, the study
site was located on a peninsular separating
the Kazinga Channel from Lake Edward.
The habitat was a mixture of open dry
grassland and small patches of secondary
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bushes. Permanent streams were not pre-
sent. The mean annual precipitation is ap-
proximately 1,000 mm. The annual mean
temperature ranges between 18.0 C and
28.0 C (Sekercioglu, 2002; Zhou et al.,
2004).

Prevalences of infections were com-
pared by Yates corrected x? test. A P<0.05
was considered significant.

The overall prevalence of blood para-
sites was 61.9% (Table 1). Species of Hae-
moproteus, Plasmodium, Leucocytozoon,
Trypanosoma, Hepatozoon, Atoxoplasma,
and microfilariae were recorded. A num-
ber of the infections (40.5% of all positive
birds) were mixed infections with parasites
from two to four genera present in the in-
fected birds. Over 80% of all recorded in-
fections were light (<0.1%) and could be
regarded as chronic. There was no signif-
icant difference in the prevalence or in-
tensity of hematozoa between males or fe-
males or between young or adult birds.

Identification of species of hemospori-
dians was possible when the intensity of
infection was >0.01% and when fully
grown parasites were present in blood
films. Fifteen species of hematozoa were
identified (Table 2). Representative blood
slides were deposited in the Institute of
Ecology, Vilnius University, Vilnius, Lith-
uania.

The overall prevalence of blood para-
sites was high at each study site (Table 3).
It is worth noting that species of Leuco-
cytozoon were not seen and species of
Plasmodium and Trypanosoma were not
prevalent in QENP, but these parasites
were frequently recorded in both BINP
and KNP. This is probably because the for-
mer is much drier and has no permanent
streams and thus limits mosquito (Culici-
dae) activity and habitat for immature si-
muliid flies (Simuliidae). The mosquitoes
and simuliid flies are vectors of avian Plas-
modium and Leucocytozoon spp., respec-
tively (Valkitinas, 2005). These blood-suck-
ing dipterans also transmit avian trypano-
somes (Baker, 1976).

Only sample sizes of the yellow-whis-
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TABLE 1. Occurrence of hematozoa in birds from Uganda, July 2003.

No. of birds infected?

No. No.
Bird species and family examined infected H P L T M He
Columbidae
Columba arquatn’xbc 1 1 1d
Turtur tympanistria 1 1 1
Total 2 2 1 1
Cuculidae
Chrysococcyx cupreus 1 1 1d 1d
Estrildidae
Cryptospiza jacksom’b 3 2 2 2d
Lonchura bicolor 3 2 1 1d
Nigrita canicapilla 1 1 1d 1d
Total 7 5 1 3 3 1
Indicatoridae
Indicator pumiliob“ 3 1 1d
Laniidae
Laniarius luehderi®® 1 1 1d 1d
Lybiidae
Pogoniulus cmyphaeusbc 2 1 1d
Muscicapidae
Alethe ;nolz’ocephalabc 3 1 1d 1d 1d
Alethe polz’ophgrsbc 2 1 1d 1d
Batis diopsbC 2 2 2d
Muscicapa zlquaticab" 2 1 1d
Muscicapa comitatab® 1 1 1d 1d
Neocossyphus poensisb" 2 1
Pogonocichla stellata® 2 1 1d
Total 14 8 3 2 5 1
Nectarinidae
Cinnyris erythm(:ercabC 2 1 1d
Cinnyris minullabe 3 2 1d 1d 1d
Cinnyris preussibc 5 4 4d 1d
Cyanomitra alinaebe 18 14 12d 5d 10d 3d
Hedydipna collaris 2 2 2 1 1 1d
Nectarinia olivacea 29 24 6 13 10 8
Nectarinia verticalis 5 4 4d 1d 1d
Total 64 51 23 25 23 13 3
Ploceidae
Malimbus rubricollisbe 1 1 1d 1d
Ploceus alienusb® 1 1 1d 1d
Ploceus mel(mocephalusb 2 2 2
Ploceus pelzelni 11 4 3 1d
Quelea quelea 1 1 1
Total 16 9 7 2 2
Pycnonotidae
Andropadus gmcilisb 1 1 1d 1
Andropadus latirostris 67 52 164 464 13d 6d
Andropadus nigrocepsl’c 4 4 2d 1d 4d 1d
Andropadus virens 24 16 1 15 1
Bleda syn(lactylab" 4 2 1d 1d
Phyllastrephus cabanisi® 3 2 2d
Phyllastrephus flavostriatusbe 1 1 1d
Phyllastrephus hypochlon’sbc 3 3 1d 2d 3d
Total 107 81 3 23 71 15 1 6
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No. of birds infected?

No. No.
Bird species and family examined infected H P L T M He A
Sturnidae
Onychognathus tenuirostrisb® 4 3 1d 1d 14 ad
Syliviidae
Apalis personata®® 3 3 1d 2d
Bradypterus cinnamomeus®® 2 2 2d 1d
Camaroptera brachyura 2 1 14
Chloropeta similisb 1 1 1d 1d
Cisticola chubbib® 10 1 1d
Prinia bairdii® 3 2 2d
Sylvietta leucophrysbe 2 1 1d
Total 23 11 1 6 1 4 1
Timaliidae
Illadopsis fulvescens 2 2 1d 1d
Hladopsis pyrrhoptera 4 2 1d 1d 1d
Illadopsis rufipennis 6 4 14 2d 2d
Pseudoalcippe abyssinica 3 3 3d 3d
Total 15 11 4 3 7 1 1
Zosteropidae
Zosterops senegalensis 5 5 4 1 5
Uninfected species® 43
Grand total 307 190 47 63 123 35 12 8 1
Prevalence (%) 61.9 153 205 401 114 39 26 0.3

2 H = Haemoproteus spp.; P = Plasmodium spp.; L. = Leucocytozoon spp.; T = Trypanosoma spp.; M = microfilaria; He =

Hepatozoon spp.; A = Atoxoplasma spp.
b First time species examined in Uganda.
¢ First time species examined for blood parasites.
d New host record.

¢ Uninfected species (number of individuals examined): Estrildidae: Estrilda qum‘tiniah“ (2), Lagonosticta senegalah (2); In-
dicatoridae: Indicator exilsP® (4); Lybiidae: Gymnobucco bonapartcib“ (1), Pogoniulus bilineatus (1); Muscicapidae: Cossypha

heuglini (2), Cossypha polioptemb" (1), Dyaphorophyia jamesoni

ibe (1), Sheppardia ﬂequ(ltm‘ialisl“' (1); Picidae: Campethera

caroli® (1), Campethera nivosa (3); Poloceidae: Ploceus h(mglinil’c (1), Ploceus intermedius® (1); Sylviidae: Apalis ruwenzoriib®
(4), Bathmocercus rzgfush" (5), Camaroptera chloronota (1), Hylia pT‘(lSing (3), Prinia leucopogon (8); Nectarinidae: Cinnyris

regiab" (1).

kered greenbul (Andropadus latirostris)
were large enough to compare prevalences
of blood parasites in the same avian host
between different study sites. There was
no significant difference in the overall
prevalence of blood parasites between
BINP (86%) or KNP (73%). Species of
Haemoproteus, Atoxoplasma, and microfi-
lariae were not found in this species at ei-
ther study site. There was no difference
discernable in the prevalence of Plasmo-
dium spp., Leucocytozoon spp., and He-
patozoon spp. infections in the yellow-
whiskered greenbul between BINP or
KNP. Only Trypanosoma spp. were signif-
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icantly more prevalent in BINP (36%)
than in KNP (11%) (P<0.05). The similar-
ity of the hematozoan infection prevalenc-
es in the same avian host at these national
parks probably indicates similarity in vec-
tor ecology, which warrants further inves-
tigation.

Sample sizes of the little greenbul (An-
dropadus virens) and olive sunbird (Nec-
tarinia olivacea) were sufficient to com-
pare prevalences of blood parasites in dif-
ferent species of avian hosts at the same
study sites. There was no significant dif-
ference in the overall prevalence of infec-
tion and the prevalence of Leucocytozoon
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TABLE 2. Occurrence of hematozoa in Ugandan birds by species, July 2003.

Accession number of the

Bird species and family Parasite species representative blood slide
Columbidae
Columba arquatrix Leucocytozoon marchouxi? 7033 NS
Turtur tympanistria Haemoproteus turtur® 6639 NS
Estrildidae
Cryptospiza jacksoni L. fringillinarum?» 7190 NS
Lonchura bicolor H. beckeri® 7034 NS
Laniidae
Laniarius luehderi L. fringillinarum?» 6643 NS
Muscicapidae
Alethe poliocephala H. minutus™® 6746 NS
Muscicapa aquatica H. balmorali? 6927 NS
Pogonicichla stellata H. balmorali® 6991 NS
Nectarinidae
Cyanomitra alinae Plasmodium rouxi®b 7335 NS
L. dubreuili*® 7151 NS
L. fringillinarum> 6975 NS
L. majoris®® 7335 NS
Trypanosoma everetti 6957 NS
Hedydipna collaris L. majorisd 6410 NS
Ploceidae
Malimbus rubricollis L. majoris®® 6463 NS
Ploceus alienus L. majoris®® 7231 NS
Ploceus pelzelni H. queleae 6903 NS
Pycnonotidae
Andropadus latirostris L. fringillinarumb 7016 NS
L. majoris® 6319 NS
T. avium® 6386 NS
T. everetti® 6983 NS
Andropadus nigroceps P. circumflexum? 7383 NS
L. fringillinarum?» 7148 NS
L. majoris®® 7092 NS
T avium*> 7139 NS
T. everetti® 7106 NS
Andropadus virens L. fringillinarumb 6557 NS
L. majoris® 6312 NS
Bleda syndactyla T. everetti 6565 NS
Sylviidae
Chloropeta similis H. belopolskyi? 6950 NS
T. avium? 6950 NS
Cisticola chubbi L. fringillinarum> 6962 NS
Timaliidae
Hlladopsis pyrrhoptera P. rouxi?b 7222 NS
Hladopsis rufipennis L. majoris®® 6619 NS
Pseudoalcippe abyssinica L. majoris®® 7216 NS
Zosteropidae
Zosterops senegalensis H. killangoi 7083 NS

4 First time parasite recorded in Uganda.
b New host record.
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Occurrence of blood parasites in birds from three national parks in Uganda, July 2003.

No. of birds infected?

TABLE 3.
No.
exam- No.
National park ined infected H

Bwindi Impenetrable
National Park

Kibale National Park

Queen Elizabeth Na-
tional Park 25

159 100 (62.9) 11 (6.9)

10 (40) 7 (28)

123 80 (65.0)> 29 (23.6) 19 (15.4) 54 (43.9) 17 (13.8) 8 (6.5)
43 (27.0) 7

) 3 (2.4) 0
69 (43.4) 17 (10.7) 3(1.9) 5(3.1) 1(0.6)
1(4) 0 1(4) 1(4) 0 0

#H = Haemoproteus spp.; P = Plasmodium spp.; L. = Leucocytozoon spp.; T = Trypanosoma spp.; M = microfilaria; He =

Hepatozoon spp.; A = Atoxoplasma spp.
b Percentage of positive birds is given in parentheses.

spp- and microfilarial infections between
these bird species in KNP. The species of
Haemoproteus, Plasmodium, and Trypano-
soma were significantly more prevalent in
the olive sunbird than in the little greenbul
at this study site (P=0.05, P<<0.01, and
P<0.05, respectively). It is probable that
the olive sunbird is an attractive host for
vectors of these hematozoa.

The overall prevalence of hematozoa in
this study was two times greater than had
been formerly recorded in wild birds from
the EP in southern Uganda (Bennett et al.,
1974, 1977). We recorded a significantly
greater prevalence of infection in western
Uganda than had been previously detected
around EP for Plasmodium spp. (1% prev-
alence was detected around the EP), Leu-
cocytozoon spp. (2%), and Trypanosoma
spp. (1%). However, the overall prevalence
of Haemoproteus spp. infection was great-
er at EP (28%) than in our sites.

We sampled birds only during the dry
season, whereas Bennett et al. (1974,
1977) sampled birds throughout the year
over a period of 6 years. They found no
significant differences in the overall prev-
alence of hematozoan infections in birds
collected during wet and dry seasons or in
different years. Thus, the prevalence of
blood parasites in birds collected around
EP was relatively stable. Therefore, the
differences in prevalence of hematozoa
around EP and in western Uganda during
this study probably cannot be explained by
differences due to the season of investi-
gation. These differences are perhaps due
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to differences in the transmission of he-
matozoa in these different regions of
Uganda.

There is presently no published infor-
mation regarding the vectors that transmit
the avian blood parasites of Uganda. In ad-
dition, few studies have reported on the
vectors of the blood parasites of birds in
sub-Saharan Africa (Fallis et al., 1973;
Crewe, 1975; Huchzermeyer, 1993). The
limited information concerning the insect
vectors in Africa remains one of the main
obstacles to understanding the dynamics
of transmission of avian blood parasites in
Uganda.

According to Bennett et al. (1974, 1977)
and this study, blood parasites are present
in birds at all study sites in Uganda. Be-
cause the resident year-round birds were
infected at each study site, it is probable
that the transmission of representatives of
all recorded genera of blood parasites
takes place throughout the country.

Atoxoplasma and Hepatozoon spp. have
been frequently recorded in birds all over
the world, including African countries
(Levine, 1982; Bennett et al., 1992b).
These parasites are reported for the first
time in Ugandan birds in this study. Six of
the eight recorded Hepatozoon spp. infec-
tions were found in the yellow-whiskered
greenbul (Table 1). Because Hepatozoon
spp. are transmitted among avian hosts by
means of eating infected arthropods (Ben-
nett et al., 1992b), investigations on the
feeding behavior of the yellow-whiskered
greenbul may be helpful to elucidate a
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possible invertebrate host of Hepatozoon
spp. in Uganda.

In all, 36 species of birds (Table 1) were
examined for hematozoa for the first time
and 46 for the first time in Uganda during
this study (Bennett et al., 1974, 1977,
1992a; Valkitinas, 2005). Twelve new host
records for Haemoproteus spp., 20 for
Plasmodium spp., 25 for Leucocytozoon
spp., 11 for Trypanosoma spp., three for
Hepatozoon spp., one for Atoxoplasma
spp-» and nine for microfilariae are report-
ed in this study (Table 1).

The diversity of hematozoa recorded in
this work is typical for African birds and
the most parasitized birds belong to fam-
ilies typically heavily infected in sub-Sa-
haran Africa (Bennett et al., 1992a). The
great majority of species of blood parasites
recorded in this study (Table 2) are found
throughout the Old World (Valkitnas,
2005). The detection of these parasites in
Ugandan birds is thus not unexpected.
Further field studies, supplemented by ex-
perimental work on vectors, and studies on
the epidemiology, virulence, and molecu-
lar phylogenetics of the parasites are need-
ed to explain the peculiarities of the dis-
tribution of hematozoa and to determine
their significance in Uganda and other
sub-Saharan countries.
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