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The parasites of genera Haemoproteus, Plasmodium, and Leucocytozoon are well-known avian haematozoa and can cause declined
productivity and high mortality in wild birds. The objective of the study was to record the prevalence of haematozoan parasites in
a wide range of wetland birds in Bangladesh. Six species of Haemoproteus, seven species of Plasmodium, one unidentified species
of Leucocytozoon, and one unidentified microfilaria of the genus Paronchocerca were found. Data on the morphology, size, hosts,
prevalence, and infection intensity of the parasites are provided. The overall prevalence among the birds was 29.5% (95 out of 322
birds). Of those, 13.2% (42 of 319) of birds were infected withHaemoproteus spp., 15.1% with Plasmodium spp. (48 of 319) and 0.6%
with Leucocytozoon spp. (2 of 319). Two birds were positive for both Haemoproteus sp. and Plasmodium sp. A single resident bird,
Ardeola grayii, was found positive for an unidentified microfilaria. Prevalence of infection varied significantly among different bird
families. Wild birds of Bangladesh carry several types of haematozoan parasites. Further investigation with a larger sample size
is necessary to estimate more accurately the prevalence of haematozoan parasites among wild birds as well as domestic ducks for
better understanding of the disease ecology.

1. Introduction

Haemoproteus, Plasmodium, and Leucocytozoon are well-
known genera of avian haematozoa. [1–3]. Biting midges,
louse flies, black flies, and mosquitoes are the vectors that
transmit these parasites [3–5].Though the importance of bird
haematozoans remains undervalued, declined productivity of
birds and highmortality due to these parasitic infections have
been reported [3]. Most infections with parasites of genus
Haemoproteus produce subclinical infections. Liver, spleen,
kidneys, and gizzards become enlarged [6–8]. Haemoproteus
can also parasitize in the lungs [9]. In some birds, anemia,
anorexia, and depression have also been reported [3]. Par-
asites of the Plasmodium genus cause avian malaria which
has sublethal effects on host fitness. The most significant

impact is long-term effect on the reproductive system of
the host causing population decrease [10]. Leucocytozoon
typically causes anemia and enlargement of liver and spleen
[3, 7]. Earlier research from South and Southeast Asia has
reported the prevalence and geographical distribution of
avian haematozoa [11–15]. In 2005, five species ofPlasmodium
genus, one of Haemoproteus genus, and two unidentified
microfilariae of different birds were reported from Pakistan
[16]. Distributions of Haemoproteus spp. and Plasmodium
spp. in rock pigeons (Columba livia) from different areas of
India have been described with their prevalence and seasonal
variations [17].

Of 690 known bird species of Bangladesh, 380 are
resident and 310 are migratory (209 winter visitors, 11
summer visitors, and 90 species vagrants) [18]. To date

Hindawi Publishing Corporation
Journal of Parasitology Research
Volume 2014, Article ID 493754, 12 pages
http://dx.doi.org/10.1155/2014/493754



2 Journal of Parasitology Research

no information is available on haematozoan parasites in
wild birds of Bangladesh although Leucocytozoon spp. from
domestic ducks [6] and Haemoproteus spp. in domestic
pigeons [7] have been reported recently. As part of a
survey for influenza virus in wild birds, this study was
conducted to identify the haematozoan parasites of var-
ious wild birds from different areas of Bangladesh. The
objective of the study was to record the prevalence of
haematozoan parasites in a wide range of wetland birds.
Morphology of parasites and intensity of invasion were also
recorded.

2. Materials and Methods

A total of 322 wild birds were studied belonging to 48 species
(15 families and four orders) from January 2011 to March
2011. The birds were sampled from two wetland sites in
Bangladesh: Hakaluki haor (N 21∘33698, E 091∘51682) in
Sylhet and Moulvibazar districts (212 birds) and Tanguar
haor (N 25∘08.794, E 091∘04.088) in Sunamganj district
(110 birds) (Figure 1). Hakaluki haor and Tanguar haor are
seasonal water bodies located in northern Bangladesh which
dry up during winter when they provide habitat for resident
andmigratorywild birds.Mist nets andnoose trapswere used
for bird capicture. Blood was drawn from jugular or tarsal
vein of the bird. Species identification and age determination
were made using the description given by Grimmett et al.
[19]. All of the birds were marked using metal rings with
unique identification numbers at the tarsus and released after
sampling at the site of capture.

From each bird, typically three (but sometimes two) thin
blood smears were prepared on clean, grease-free slides. All
slides were fixed in absolute methanol for one minute in the
field. The fixed smears were then stained with 20% Giemsa
stain and were observed under 400x and 1000xmagnification
by skilled parasitologists. Identification of the haematozoans
was performed using the taxonomic description of Valkiunas
[3] and Bartlett [4]. If any parasite was found within 100
fields of microscopic observation, the slide was considered
as positive; otherwise it was considered as negative. All
parasites in 100 microscope fields at 1000x magnification
were counted to calculate the intensity of invasion of the
parasites. The nuclear displacement ratio (NDR), an index of
lateral displacement of the erythrocyte nucleus by the parasite
[20], was measured following the description of Valkiunas
[3]. Slides of each parasite identified up to species level
have been deposited in the US National Parasite Collection
(USNPC), Beltsville, MD, USA (accession numbers are in the
supplementary file 1; see Supplementary Material available
online at http://dx.doi.org/10.1155/2014/493754).

The birds were divided into 2 groups: migratory and
resident birds. All measurements in the text and the tables
are presented in micrometers and given as mean ± stan-
dard deviation. Intensity of invasion was calculated per 100
microscopic fields. Statistical Package for the Social Sciences
(SPSS) v 17 (SPSS Inc., USA) was used to analyze the data. A
two-tailed Fisher’s exact test was used to find the correlation
of prevalence within bird families and parasite genus. To

indicate statistical significance, a 𝑃 value less than 0.05 was
used.

3. Results

3.1. Prevalence and Intensity of Infection. The overall preva-
lence of infection of the birds studied was 29.5% (95/322
birds). Among those, 13.2% (42/319) prevalence of infection
was recorded for Haemoproteus spp., 15.1% for Plasmodium
spp. (48/319), and 0.6% for Leucocytozoon spp. (2/319). Two
birds were positive for parasites of both Haemoproteus and
Plasmodium genera. A single slide was positive for unidenti-
fiedmicrofilariae of genus Paronchocerca fromArdeola grayii,
a resident bird (Table 1).

The prevalence of infection for the three genera varied
considerably amid different families of birds (Table 1). Among
the families with sufficient sample size (𝑛 > 20), the
highest prevalence was found in the family Laridae: 44.1%
(15 of 44 birds) for genus Haemoproteus; in the family
Scolopacidae: 20.8% (5 of 24) for Plasmodium genus; in the
family Dendrocygnidae: 2.3% (1 of 43) for Leucocytozoon
genus.

The intensity of invasion varied across different parasite
genera. For parasites of Haemoproteus genus it ranged from
2 to 43, mostly being below 20 parasites per 100 microscopic
fields. The lowest intensity of invasion for parasites of Plas-
modium genus was 2, while the highest was 18 parasites per
100 microscopic fields, mostly being less than 10. Parasites of
Leucocytozoon genus had 4-5 parasites per 100 microscopic
fields, while the only bird infected withmicrofilariae had only
3 parasites per 100 microscopic fields.

In the present study 72.4% (𝑛 = 233) of the birds studied
were migrant and 27.6% (𝑛 = 89) were resident; among
these 33.5% (𝑛 = 78) of migrant birds and 19.1% (𝑛 = 17)
of resident birds were positive for any of the parasites of
genus Haemoproteus, Plasmodium, or Leucocytozoon. These
parasites weremore commonly found inmigratory birds (𝑃 <
0.05). 15.9% (𝑛 = 37) of migrant birds and 5.7% (𝑛 = 5) of
resident birds were positive for Haemoproteus genus, while
16.8% (𝑛 = 39) of migrant birds were positive for Plasmodium
genus in contrast to 10.3% (𝑛 = 9) of resident birds.
Migratory birds were significantly preferred by parasites of
Haemoproteus (𝑃 < 0.05), but for parasites of Plasmodium,
there was no significant preference. One migrant bird and
one resident bird were found positive for parasites of genus
Leucocytozoon spp. One of each migrant and resident bird
had mixed infection by parasites of genera Haemoproteus
and Plasmodium. There was no significant difference in the
infection rates among the study sites.

3.2. Description of Species. Six species of Haemoproteus and
seven species of Plasmodium were identified. Haemopro-
teus parasites from four birds belonging to two different
species were identified up to subgenus level, subgenus Para-
haemoproteus. Plasmodium parasites from five birds of three
species were identified only up to subgenus level, subgenus
Haemoamoeba and subgenus Giovannolaia. All the Leucocy-
tozoon (𝑛 = 2) parasites were identified up to genus level.
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Figure 1: Study sites.

A single bird was found to be infected with unidentified
microfilarae species of genus Paronchocerca.

3.2.1. Genus Haemoproteus, Kruse, 1890

(1) Haemoproteus (Parahaemoproteus) pastoris, Mello, 1935

Morphology. A single bird was infected with the macroga-
metocyte of H. pastoris. The outline of the gametocytes was
amoeboid, adhering to the erythrocyte nucleus and envelope
filling the erythrocyte up to their poles. They displaced
the erythrocyte nucleus slightly. The measurement of the
macrogametocytes was 14.575 ± 0.4 𝜇m × 4.12 ± 0.3 𝜇m.
The nucleus of the macrogametocyte was compact and in
subcentral position measuring 3.15 ± 0.02 𝜇m × 2.575 ±
0.1 𝜇m. 9 to 17 small roundish pigment granules were seen
randomly scattered in the cytoplasm. The NDR was 0.5 ±
0.2. Invasion intensity was found to be 17 parasites per 100
microscopic fields.

Host. Sturnus contra (Asian Pied Starling).

Locality. Hakaluki haor (𝑛 = 1).

(2) Haemoproteus (Parahaemoproteus) scolopaci, Galli-
Valerio, 1929

Morphology. A single bird was found to be infected with
the macrogametocyte of H. scolopaci. The gametocyte was
oval with amoeboid outline and was slightly appressed
with the host erythrocyte envelope and nucleus, completely
encircling the erythrocyte nucleus and occupying all available
cytoplasmic space in the erythrocytes. The nucleus was
slightly displaced laterally and the host cell was hypertro-
phied. The NDR was 0.66 ± 0.03. The measurement of
the gametocyte was 14.575 ± 1.47 𝜇M × 3.575 ± 0.515 𝜇M.
Parasite nucleus was centrally situated with the measurement
of 3.09 ± 0.3 𝜇M × 2.57 ± 0.03 𝜇M. The cytoplasm of
the gametocyte was homogenous in appearance and con-
tained small roundish pigment granules. The intensity of
invasion was found to be 13 parasites per 100 microscopic
fields.

Host. Charadrius dubius (Little Ringed Plover).

Locality. Hakaluki haor (𝑛 = 1).

(3) Haemoproteus (Parahaemoproteus) plataleae,Mello, 1935
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(a) (b)

Figure 2: (a) Macrogametocyte of H. plataleae. (b) Macrogametocyte of H. nettionis.

Morphology. Both macro- and microgametocytes of H.
plataleaewere found in 17 birds of two species.Twobirdswere
infected with both gametes. Both the gametocytes markedly
encircled the erythrocyte nucleus and appressed closely with
the host cell envelope.

The macrogametocytes were dumbbell-shaped with a
measurement of 15.5 ± 1.65 𝜇 M × 4.83 ± 0.88 𝜇 M (Fig-
ure 2(a)). The nucleus of the parasite was in median position
with the measurement of 4.37 ± 1.04 𝜇M × 3.46 ± 0.95 𝜇M,
frequently laid free in the cytoplasm. The cytoplasm was
coarsely granular with 17 to 49 (34± 9.06) small roundish pig-
ment granules scattered randomly in the cytoplasm. Infected
erythrocytes were slightly hypertrophied. Invasion intensity
per 100 microscopic fields was 4 to 28. The NDR was 0.4 ±
0.25.

The microgametocytes were dumbbell-shaped with
amoeboid outline and measured 12.45 ± 2.50 𝜇M × 4.50 ±
0.78𝜇M. The nucleus of the parasite was in submedian
position and was also laid free in the cytoplasm like
macrogametocyte and measured 3.60 ± 0.73𝜇M × 2.83 ±
0.7 𝜇M. The cytoplasm contained more pigment granules
than macrogametocytes. 10 to 41 microgametocytes were
seen per 100 microscopic fields. The NDR was 0.4 ± 0.01.

Hosts. Larus ridibundus (Black headed gull) and Ardeola
grayii (Indian pond heron).

Locality. Hakaluki haor (𝑛 = 12), Tanguar haor (𝑛 = 5).

(4) Haemoproteus (Parahaemoproteus) greineri, Bennett,
Turner and Whiteway, 1984

Morphology. A total of 15 birds of seven species were found
to be infected with H. greineri by both macro- and microga-
metocytes. Both gametocytes were dumbbell-shaped. The
nucleus of the host erythrocytes was enclosed slightly by the
gametocytes. Some host cells were hypertrophied.

The macrogametocytes were closely appressed
with both host erythrocyte nucleus and envelope.

The macrogametocytes measured 15.10 ± 1.02 𝜇M × 4.47 ±
0.63 𝜇M.The nucleus was compact, comparatively small, and
submedian in position measuring 4.74 ± 1.54 𝜇M × 3.14 ±
0.92 𝜇M. 18–32 (24 ± 5.4) small roundish pigment granules
were randomly scattered throughout the parasite cytoplasm.
The NDR was 0.66 ± 0.14. The invasion intensity ranged
from 11 to 39 parasites per 100 microscopic fields.

The microgametocytes were amoeboid in outline and
12.45 ± 2.58𝜇M × 3.74 ± 0.82 𝜇M in measurement and were
loosely appressedwith erythrocyte nucleus and envelope.The
nucleus of themicrogametocyte was submedian ormedian in
position and measured 2.72 ± 0.63 𝜇M × 1.71 ± 0.38 𝜇M. 16 to
19 small (17.85 ± 2.54 𝜇M) oval pigment granules were seen
scattered randomly on the cytoplasm making it granular in
appearance or sometimes were aggregated in dense clumps
at the end of the parasite. The NDR was 0.7 ± 0.13. 3 to 42
parasites were seen per 100 microscopic fields.

Hosts. Aythya fuligula (Tufted Duck), Aythya nyroca (Ferrug-
inous Pochard), Netta rufina (Red-Crested Pochard), Aythya
ferina (CommonPochard),Anas strepera (Gadwall),Tadorna
ferruginea (Ruddy Shelduck), and Anas acuta (Northern
Pintail).

Locality. Hakaluki haor (𝑛 = 9), Tanguar haor (𝑛 = 6).

(5) Haemoproteus (Parahaemoproteus) nettionis, Johnston
and Cleland, 1909

Morphology. A total of seven birds belonging to three species
were infected with both macro- and microgametocytes of H.
nettionis. The cytoplasm of both gametes was homogenous
in form, with occasionally some minute vacuoles. The game-
tocytes almost completely encircled the erythrocyte nucleus
and markedly displaced laterally. Host cell was hypertro-
phied.

The macrogametocyte was dumbbellshaped with mea-
surement of 15.75 ± 2.68 𝜇M × 4.85 ± 0.64 𝜇M (Figure 2(b)).
The macrogametocyte was closely appressed both to the
nucleus and the envelope of erythrocytes. The nucleus of
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the parasite was compact and median in position with
measurement of 4.5 ±1.28𝜇M × 3.33 ± 0.28 𝜇M. Pigment
granules were roundish and ranged from 13 to 28 (20.25 ±
6.18). The NDR was 0.38 ± 0.05. Invasion intensity ranged
from 2 to 35 parasites per 100 microscopic fields.

The microgametocytes were also dumbbell-shaped with
12.745 ± 4.8 𝜇M × 4.3 ± 0.26 𝜇M measurement. The parasite
nucleus was submedian in position with 2.7 ± 0.58𝜇M × 2.07
± 0.5 𝜇Mmeasurement. The microgametocytes have 17 to 19
(16 ± 1) small roundish pigment granules. The NDR was 0.4
± 0.08. The invasion intensity was 4 to 16 parasites per 100
microscopic fields.

Hosts. Aythya ferina (Common Pochard), Aythya nyroca
(Ferruginous Pochard), and Anas acuta (Northern Pintail).

Locality. Hakaluki haor (𝑛 = 5), Tanguar haor (𝑛 = 2).

(6) Haemoproteus (Parahaemoproteus) sp.

Morphology. Parasites of genus Haemoproteus of four birds
of two species were identified up to subgenus level only. All
of the parasites were macrogametocytes and were of oval
shape.The gameteswere laid closelywith the host erythrocyte
envelope. The dimension was 12.785 ± 1.47 𝜇M × 3.595 ±
0.515 𝜇M.The nucleus was oval and measured 4.63 ± 0.9 𝜇M
× 2.56 ± 0.5 𝜇M. It was laid in the outer periphery of the
macrogametocyte. The cytoplasm was coarsely granular with
25 to 29 roundish pigment granules. Host erythrocyte cell
was slightly hypertrophied and the erythrocyte nucleus was
slightly displaced laterally. The NDR was 0.9 ± 0.3. The
invasion intensity was 3 to 9 per 100 microscopic fields.

Hosts. Dendrocygna bicolor (Fulvous Whistling Duck) and
Netta rufina (Red Crested Pochard).

Locality. Hakaluki haor (𝑛 = 3), Tanguar haor (𝑛 = 1).

3.2.2. Genus Plasmodium, Marchiafava and Celli, 1885

(1) Plasmodium (Haemoamoeba) relictum, Grassi and Feletti,
1891

Morphology. A total of 25 birds belonging to 17 species were
infected with P. relictum. One was found to be infected with
the microgamete and trophozoite of P. relictum and others
were infected with only trophozoites. The microgamete was
lobulated with oval pigment granules andmarkedly displaced
the erythrocyte nucleus. The pigment granules were loosely
clumped in the cytoplasm and the granules were 3.58 ±
0.05𝜇M × 2.06 ± 0.03 𝜇M in measurement. The invasion
intensity was 5 parasites per 100 microscopic fields for the
microgamete.

Some trophozoites were oval in shape and some were
lobulated (Figure 3(a)). The trophozoites looked like solid
bodies with relatively large nucleus. Roundish pigment
granules were randomly dispersed in the cytoplasm. The
measurements of the trophozoites were 3.54 ± 0.71𝜇M ×

2.37 ± 0.7𝜇M. Invasion intensity ranged from 2 to 19 per 100
microscopic fields.

Hosts. Rostratula benghalensis (Greater Painted Snipes),
Anas clypeata (Northern Shoveler), Anas penelope (Eurasian
Wigeon), Aythya fuligula (Tufted Duck), Gallinura chloro-
pus (Common Moorhen), Larus brunnicephalus (Brown
Headed Gull), Anas querquedula (Gargeney), Tringa stag-
natilis (Marsh Sandpiper), Fulica atra (Common Coot),
Tringa totanus (Common Redshank), Dendrocygna bicolor
(Fulvous Whistling Duck), Anas acuta (Northern Pintail),
Todorna ferruginea (Ruddy Shelduck), Nycticorax nycticorax
(Black-Crowned Night Heron), Vanellus cinereus (Grey-
headed Lapwing), Netta rufina (Red-Crested Pochard), and
Anas strepera (Gadwall).

Locality. Hakaluki Haor (𝑛 = 13), Tanguar Haor (𝑛 = 12).

(2) Plasmodium (Haemoamoeba) lutzi, Lucena, 1939

Morphology. A total of nine birds belonging to seven species
were found to be infected with P. lutzi. Trophozoites, situated
in the subpolar or in polar position of the erythrocyte,
were somewhat oval in shape with measurements of 3.67
± 1.34 𝜇M × 2.5 ± 0.7 𝜇M (Figure 3(b)). The nucleus was
comparatively large. Roundish to somewhat oval pigment
granules were seen to be clumped near the margin of the
trophozoites. When vacuoles were present they were few
in number, measuring 1.03 ± 0.02 𝜇M. Infected erythrocyte
was deformed and the erythrocyte nuclei were displaced
markedly. Invasion intensity ranged from 2 to 12 parasites per
100 microscopic fields.

Hosts. Fulica atra (Common Coot), Gallinura chloropus
(CommonMoorhen),Anas strepera (Gadwall),Ardeola grayii
(Indian PondHeron), Larus ridibundus (Black-HeadedGull),
Porphyrio porphyrio (Purple swamp hen), and Anas acuta
(Northern Pintail).

Locality. Hakaluki haor (𝑛 = 4), Tanguar haor (𝑛 = 5).

(3) Plasmodium (Giovannolaia) polare, Manwell, 1934

Morphology.Three birds belonging to two species were found
to be infected with P. polarae. In two birds somewhat oval
shaped trophozoites were observed with a measurement
of 3.3 ± 0.34 𝜇M × 3.35 ± 1.1 𝜇M. Several oval pigment
granules were seen clumped in the cytoplasm. Vacuoles in
the cytoplasm, when present, were plentiful.The trophozoites
were in subpolar or polar position, occupying less than half
of the erythrocyte. Invasion intensity was 4 for one bird and
7 parasites per 100 microscopic fields for the other bird.

Both types of gametes were seen in one bird and
were lateral to the erythrocyte nucleus in position. Oval
macrogamete with coarse oval pigment granules was seen.
No vacuoles were seen. The macrogamete measured 3.575 ±
0.24 𝜇M× 4.12± 0.1 𝜇M. Invasion intensitywas 6 parasites per
100 microscopic fields. Microgamete was elongated in shape.
It has oval pigment granules dispersed in the cytoplasm. The
microgamete measured 7.21 ± 0.04 𝜇M × 3.09 ± 0.23 𝜇M.
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(a) (b)

Figure 3: (a) Trophozoite of P. relictum. (b) Trophozoite of P. lutzi.

Hosts. Mesophoyx intermedia (Intermediate Egret) and Den-
drocygna bicolor (Fulvous Whistling Duck).

Locality. Hakaluki haor (𝑛 = 3).

(4) Plasmodium (Giovannolaia) circumflexum, Kikuth, 1931

Morphology. A total of seven birds of five species were
infected with P. circumflexum. Trophozoites were oval in
shape measuring 3.5 ± 1.63 𝜇M × 2.84 ± 0.8 𝜇M. Pigment
granules somewhat roundish to oval in shape were seen
clumped at the edge of the trophozoites and sometimes
dispersed in the cytoplasm. Several vacuoles were seen with
an average diameter of 1.03 ± 0.01 𝜇M. Invasion intensity
ranged from 5 to 18 parasites per 100 microscopic fields.

Hosts. Nettapus coromandelianus (Cotton Pygmy Goose),
Aythya fuligula (Tufted Duck), Aythya ferina (Common
Pochard), Anas acuta (Northern Pintail), and Dendrocygna
javanica (Lesser Whistling Duck).

Locality. Hakaluki haor (𝑛 = 5), Tanguar haor (𝑛 = 2).

(5) Plasmodium (Giovannolaia) lophurae, Manwell, 1934

Morphology. A single bird was found to be infected with
P. lophurae. Trophozoites were highly amoeboid in outline
measuring 3.09 ± 0.02𝜇M × 2.06 ± 0.04 𝜇M. Parasite nucleus
was large with plentiful cytoplasm. Oval pigment granules
are clumped in the cytoplasm. Several vacuoles were seen
in trophozoites with average diameter of 1.03 ± 0.01 𝜇M.
Intensity of invasionwas 7 parasites per 100microscopic field.

Host. Larus ridibundus (Black-Headed Gull).

Locality. Hakaluki haor (𝑛 = 1).

(6) Plasmodium (Haemoamoeba) sp., Grassi and Feletti, 1890

Morphology. Four birds of four different species were infected
with trophozoites of Plasmodium genus. They were not

identified up to species level due to the small number of para-
sites, but they were identified up to subgenusHaemoamoeba.
In general, the trophozoites were elongatedwith oval pigment
granules and dispersed in the cytoplasm, measuring 3.3 ±
0.8 𝜇M × 2.6 ± 0.2 𝜇M.They contained several vacuoles with
a diameter of 1.03 ± 0.01 𝜇M.

Hosts. Anas acuta (Northern Pintail), Aythya nyroca (Fer-
ruginous Pochard), Anas querquedula (Garganey), and Anas
strepera (Gadwall).

Locality. Hakaluki haor (𝑛 = 2), Tanguar haor (𝑛 = 2).

(7) Plasmodium (Giovannolaia) sp., Corradetti, Garnham and
Laird, 1963

Morphology. A single bird was infected with trophozoites of
Plasmodium genus. This was identified up to Subgenus Gio-
vannolaia. The merozoites were elongated with oval pigment
granules, measuring 5.15 ± 0.02 𝜇M × 2.575 ± 0.2 𝜇M. It did
not contain vacuoles.

Host. Podiceps cristatus (Great Crested Grebe).

Locality. Tanguar haor (𝑛 = 1).

3.2.3. Genus Leucocytozoon sp., Berestneff, 1904

Morphology. Only two birds of two species were positive for
Leucocytozoon sp. (Figure 4). They were very few in number.
All of them were macrogametocytes. They measured 10.8 ±
1.34 𝜇M × 8.7 ± 1.43 𝜇M.The dark blue cytoplasm with many
small vacuoles appeared to be coarsely granulated. Small
round organelles resembling the pigment granules were seen.
The invasion intensitywas 4 to 5 parasites per 100microscopic
fields.

Hosts. Anas crecca (Common Teal) and Dendrocygna bicolor
(Fulvous Whistling Duck).

Locality. Hakaluki haor (𝑛 = 2).
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Figure 4: Macrogametocyte of Leucocytozoon sp.

Figure 5: Microfilariae of genus Paronchocerca.

3.2.4. Microfilariae. One unidentified species of microfilaria
was reported from the blood of Ardeola grayii (Indian Pond
Heron). It was caught fromHakaluki haor.Themicrofilaria is
of Paronchocerca genus (Figure 5).

The worm was sheathed, long and cylindrical with length
of 196 um and width of 3.5 𝜇m.The tail was bluntly rounded.
Nuclei extend to posterior end of body, are loosely arranged.
Intensity of invasion was 3 microfilariae per 100 microscopic
fields.

4. Discussion

In this study, six species of Haemoproteus, seven species
of Plasmodium, an unidentified species of Leucocytozoon,
and an unidentified microfilarial species of genus Paron-
chocerca were reported in wild birds from different sites of
Bangladesh. Although there are reports of Leucocytozoon sp.
and Haemoproteus sp. in domestic pigeons [7] and ducks
[6] in Bangladesh, but a comprehensive report on avian
haematozoans is lacking. The findings of this study provide
a comprehensive report.

According to the list of avian parasites prepared by
Bennett [1] and Valkiunas [3], one bird can be invaded
by several congeneric species of parasites and parasites of
different taxa. In this study close to 45% of the examined bird
species were infected with more than one congeneric species
of parasite or parasites of different taxa.

A lower prevalence ofHaemoproteus (13.1%),Plasmodium
(15.1%) and Leucocytozoon (0.6%) genera was observed here
than in studies in India and Myanmar, which are neighbor-
ing countries of Bangladesh. In India 18% prevalence was
reported for Haemoproteus and 28% for Plasmodium in wild
birds and in Myanmar 40% for Haemoproteus and 60% for
Plasmodium in wild birds [11]. Their reported prevalence was
higher, likely because they used molecular methods to detect
parasites, which are known to be more sensitive. Another
reason for the low prevalence found in this study may be
that we sampled during winter (January to March), which
is not the breeding season of lowland resident birds [11] and
there are low levels of sexual steroid hormones circulating in
the birds’ blood, which are supposed to allow the parasite to
survive [21, 22].

The intensity of invasion for parasites varied remark-
ably. Most of the invasions for Haemoproteus were below
20 parasites per 100 microscopic fields and invasions for
Plasmodium were below 10. This verifies the proposition of
Valkiunas [23] that it is difficult to capture heavily invaded
birds using themist netmethod as they are less active than the
less heavily invaded birds [23]. The intensity of invasion per
100 microscopic fields was higher in Haemoproteus than in
Plasmodium and Leucocytozoon. Haemoproteus gametocytes
persist in the peripheral blood for a long time [15], while some
species of Leucocytozoon prefer visceral circulation [24];
therefore, Leucocytozoon may have escaped our attention. In
contrast to Haemoproteus and Leucocytozoon, for parasites
of Plasmodium genus, though they prefer peripheral blood
circulation, the schizogonic cycle in the erythrocytes lasts for
only few days [3]. As a result they may also have escaped our
attention.

Variations in the prevalence of infection in different bird
families have been reported in this study, a finding supported
by different studies around the globe [11, 25–28].

The report of microfilarial infection in birds in
Bangladesh is perhaps the first. The prevalence of microfila-
riae in Bangladeshi birds appears to be low. The intensity of
infection was also low, which may be an effect of the absence
of microfilariae in the peripheral blood stream in the daytime
due to their periodicity (sampling was done in the daytime)
[29, 30]. It is assumed to be nonpathogenic to birds [31–33].
It may have some histopathological impact but no cellular
reaction [34]. However, microfilarial infection may lead to
questionable fitness of the host bird [35].

In our study, more migratory birds were infected than
resident birds.This finding is supported by someother studies
[26, 27]. In different studies there are indistinct data on
this issue due to different host species composition [36]. As
migratory birds travel in the course of different terrain they
increase their affinity for diverse parasite vectors, which may
lead to increased chance of infection in migratory birds [3,
37, 38].Migrants can play a vital role in transmitting parasites
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among taxonomically similar birds from temperate regions to
tropical regions, which has been observed in Nigeria [39].

5. Conclusion

Thepathogenic effects of these parasites can play a vital role in
declining wildlife population [40]. Wild birds of Bangladesh
carry several types of hemoprotozoan parasites. Further
investigationwith a larger sample size is necessary to estimate
more accurately the prevalence of haematozoan parasites
among wild birds and to understand the epidemiology of
those parasites.

Ethical Approval

Approval from the Research Review Committee (RRC) and
the Animal Experimentation Ethics Committee (AEEC) of
icddr,b was obtained for this study. Birds were extracted from
themist nets or noose traps as soon as possible after the catch
to reduce stress on them. All the samples were collected by
trained veterinarians. Blood collected from each bird was less
than 1% of the body weight.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Authors’ Contribution

Ausraful Islam, Andrea Mikolon, and Mohammad Shafiul
Alam conceptualized and designed the study. Ausraful Islam
and Suman Kumer Paul collected samples. Rubayet Elahi,
Khaja Mohiuddin, and Mohammad Shafiul Alam identified
parasites. Rubayet Elahi, Ausraful Islam, Mohammad Sharif
Hossain, and Mohammad Shafiul Alam analyzed the data.
Rubayet Elahi, Ausraful Islam, andMohammad Shafiul Alam
drafted the paper and made final revisions. Suman Kumer
Paul, Andrea Mikolon, Parviez Rana Hosseini, and Peter
Daszak made critical revision of the manuscript. All the au-
thors read the final version of the manuscript and approved
it.

Acknowledgments

This research study was partially funded by the NIH/NSF
Ecology and Evolution of Infectious Diseases Award from
the Fogarty International Center 3R01-TW005869 through
EcoHealth Alliance. icddr,b acknowledges with gratitude the
commitment of NIH to its research efforts. The authors
acknowledge the efforts of M Asadur Rahman and M Shar-
ifuzzaman during sample collection.They are also grateful to
the Parasitology Laboratory of icddr,b for the support in the
study.

References

[1] G. F. Bennett, “Hematozoa,” in Companion Bird Medicine, E. W.
Burr, Ed., pp. 120–128, The Iowa State University Press, Ames,
Iowa, USA, 1987.

[2] M. A. Peirce, “The significance of avian hematozoa in conserva-
tion strategies,” in Diseases and Threatened Birds, J. E. Cooper,
Ed., pp. 69–76, ICBP, Helmsley, UK, 1989.

[3] G. Valkiunas, Avian Malaria Parasites and Other Haemo-
sporidia, CRC Press, Boca Raton, Fla, USA, 2005.

[4] C. M. Bartlett, “Filaroid Nematodes,” in Parasitic Diseases of
Wild Birds, C. T. Atkinson, N. J.Thomas, andD. B. Hunter, Eds.,
pp. 439–462, Wiley-Blackwell, 2008.

[5] E. R. Noble, G. A. Noble, G. A. Schad et al., Parasitology: the
Biology of Animal Parasites, Lea and Febiger, Philadelphia, Pa,
USA, 1989.

[6] A. R. Dey, N. Begum, M. A. Khan et al., “Haemoprotozoan
infection in ducks: prevalence and pathology,” Bangladesh
Journal of Veterinary Medicine, vol. 6, no. 1, pp. 53–58, 2008.

[7] A. R.Dey,N. Begum, S. C. Paul et al., “Prevalence and pathology
of blood ptotozoa in pigeons reared at Mymensingh district,
Bangladesh,” International Journal of BioResearch, vol. 2, no. 12,
pp. 25–29, 2010.

[8] E. J. Soulsby,Arthropods and Protozoa of Domesticated Animals,
Bailliere, Tindall and Cassell, 2nd edition, 1982.

[9] M. Mubarak and G. H. Abed, “Pathological changes of lung
tissues of pigeons (Columba livia domestica) infected with
Haemoproteus columbae (Haemosporina: Haemoproteidae),”
Journal of Biological Sciences, vol. 5, no. 5, pp. 536–541, 2005.

[10] D. A. Lapointe, C. T. Atkinson, andM. D. Samuel, “Ecology and
conservation biology of avian malaria,” Annals of the New York
Academy of Sciences, vol. 1249, no. 1, pp. 211–226, 2012.

[11] F. Ishtiaq, E. Gering, J. H. Rappole et al., “Prevalence and
diversity of avian hematozoan parasites in Asia: A regional
survey,” Journal of Wildlife Diseases, vol. 43, no. 3, pp. 382–398,
2007.

[12] C. Mathis and M. Leger, Recherches de Parasitologie et de
Pathologie Humaines et Animales au Tonkin (in French), Mas-
son, Paris, France, 1911.

[13] H. E. McClure, P. Poonswad, E. C. Greiner et al., Hematozoa in
the Birds of Eastern and Southern Asia, Memorial University of
New Foundland, St John’s, Canada, 1978.

[14] I. Paperna, M. C. Soh, C. A. Yap et al., “Blood parasite
prevalence and abundance in the bird communities of several
forested locations in Southeast Asia Blood parasite prevalence
and abundance in the bird com- munities of several forested
locations in Southeast Asia,” Ornothological Science, vol. 4, no.
2, pp. 129–138, 2005.

[15] I. Paperna,M. S. C. Keong, andC. Y. A.May, “Haemosporozoan
parasites found in birds in Peninsular Malaysia, Singapore,
Sarawak and Java,” Raffles Bulletin of Zoology, vol. 56, no. 2, pp.
211–243, 2008.

[16] R. Talat, “Infection of Haematozoan parasites found in birds of
NWFP (Pakistan),” Pakistan Journal of Biological Sciences, vol.
8, no. 1, pp. 1–5, 2005.

[17] D. K. Gupta, N. Jahan, and N. Gupta, “Distribution pattern of
apicomplexan parasites (Sporozoa: Haemosporida) in Columba
livia, Gmelin,” Journal of Parasitic Diseases, vol. 35, no. 1, pp. 18–
22, 2011.

[18] M. M. H. Khan, Protected Areas of Bangladesh- A Guide to
Wildlife, Nishorgo Program, Bangladesh Forest Department,
2008.

[19] R. Grimmett, C. Inskipp, and T. Inskipp, Pocket Guide to the
Birds of the Indian Subcontinent, Christopher Helm, London,
UK, 2001.



12 Journal of Parasitology Research

[20] G. F. Bennett and A. G. Campbell, “Avian haemoproteidae. I.
Description of Haemoproteus fallisi n. sp. and a review of the
haemoproteids of the family Turdidae,” Canadian Journal of
Zoology, vol. 50, no. 10, pp. 1269–1275, 1972.

[21] N. Saino, A. P. Moller, and A. M. Bolzern, “Testosterone
effects on the immune system and parasite infestations in the
barn swallow (Hirundo rustica): An experimental test of the
immunocompetence hypothesis,” Behavioral Ecology, vol. 6, no.
4, pp. 397–404, 1995.

[22] C.Wedekind and I. Folstad, “Adaptive or nonadaptive immuno-
suppression by sex hormones?” American Naturalist, vol. 143,
pp. 936–938, 1994.

[23] G. Valkiunas, “Sampling bias in bird Haematozoa investiga-
tions, ” EMOP, 8, Abstracts 160,” Acta Parasitologica, vol. 45,
2000.

[24] H.Gill and I. Paperna, “Leucocytozoonosis in the Israeli sparrow,
Passer domesticus biblicus Hartert 1904,” Parasitology Research,
vol. 96, no. 6, pp. 373–377, 2005.

[25] P. Jakunin, “Blood parasites of wild birds from South-eastern
Kazakhstan,” Papers of Institute of Zoology AN Kazakhskoj SSR,
vol. 33, pp. 69–79, 1972.

[26] J. Kucera, “Blood parasites of birds in Central Europe. 3.
Plasmodium and Haemoproteus,” Folia Parasitologica, vol. 28,
no. 4, pp. 303–312, 1981.

[27] P. Shurulinkov and V. Golemansky, “Haemoproteids (Haemo-
sporida: Haemoproteidae) of wild birds in Bulgaria,” Acta
Protozoologica, vol. 41, no. 4, pp. 359–374, 2002.

[28] G. Valkiunas, “Blood parasites of birds fromBelomoro-baltijsky
stream of migration. 2. Fauna and distribution of haemopro-
teids (Sporozoa, Haemosporida),” Parazitologia, vol. 19, pp. 55–
63, 1985.

[29] R. C. Anderson,Nematode Parasites of Vertebrates: Their Devel-
opment and Transmission, CABI Publishing, 2nd edition, 2000.

[30] J. Kucera, “Blood parasites of birds in Central Europe. 4.
Trypanosoma, “Atoxoplasma”, Microfilariae and other rare
haematozoa,” Folia Parasitologica, vol. 29, no. 2, pp. 107–113,
1982.

[31] T.W. Campbell,AvianHematology and Cytology,The Iowa State
University Press, Ames, Iowa, USA, 2nd edition, 1995.

[32] G. P. Reppas, W. J. Hartley, and P. A. Gill, “Microfilaraemia in
Australian native birds,” Australian Veterinary Journal, vol. 72,
no. 9, pp. 356–357, 1995.

[33] B.W.Ritchie, G. J.Harrison, andL. R.Harrison,AvianMedicine:
Principles and Application,Winger Publishing, LakeWorth, Fla,
USA, 1994.

[34] S. S. Tsai, K. Hirai, and C. Itakura, “Histopathological survey
of protozoa, helminths and acarids of imported and local
psittacine and passerine birds in Japan,” Japanese Journal of
Veterinary Research, vol. 40, no. 4, pp. 161–174, 1992.

[35] S. Morand and R. Poulin, “Nematode parasite species richness
and the evolution of spleen size in birds,” Canadian Journal of
Zoology, vol. 78, no. 8, pp. 1356–1360, 2000.

[36] G. Valkiunas, “Bird Haemosporida,” Acta Zoologica Lithuanica,
pp. 3–5, 1997.

[37] A. P. Møller and J. Erritzøe, “Host immune defence and
migration in birds,” Evolutionary Ecology, vol. 12, no. 8, pp. 945–
953, 1998.

[38] R. B. Smith, E. C. Greiner, and B. O. Wolf, “Migratory move-
ments of sharp-shinned hawks (Accipiter striatus) captured in
NewMexico in relation to prevalence, intensity, and biogeogra-
phy of avian hematozoa,” The Auk, vol. 121, no. 3, pp. 837–846,
2004.

[39] J. Waldenström, S. Bensch, S. Kiboi, D. Hasselquist, and U.
Ottosson, “Cross-species infection of blood parasites between
resident and migratory songbirds in Africa,”Molecular Ecology,
vol. 11, no. 8, pp. 1545–1554, 2002.

[40] P. G. Parker, N. K. Whiteman, and R. E. Miller, “Conservation
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