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ABSTRACT :

Examination of 220 blood samples of pigeons was done in Assiut Governorate for parasitological

studies on Haemoproteus columbae. The incidence of infection with A co/umbaewas 35.45%. The rate
of infection in domestic pigeons was 40.0% and in wild pigeons was 85.0% while it was not detected in
squabs. The intensity of infection in apparently healthy pigeons was 2-6 parasites /1000 RBCs while it
was 75-93 parasites/1000 RBCs in diseased pigeons. The morphological characters of different forms of
Hcolumbae were described. Maturation process of gametocytes was done and the different changes of
gametocyies were described.

Necropsy of highly infected pigeons revealed that the liver and kidneys were enlarged and dark in
color. Histopathological examination of the viseral organs, brain and skeletal muscles was carried
out. There was marked Inflammatory reactions and degenerative changes in liver, lungs and kidneys
caused by presence of Hzemoproteus (Gametocytes, hemozoin pigmnet or schizonts). Ultrastructural
examination of RBCs from selected cases was also carried out. The ultrastructural features of

Haemoproteus columbae within RBCs were described.

INTRODUCTION :

Today birds represent one of the main
source of animal protein allover the world.
Pigeons are kept as a hobby in addition to their
food value. The avain haemosporidian parasites
are a diverse of some 250 species distributed
throughout apicomplexan families:
Leucocytozaidae, Plasmodiidae and Haemop-
roteidae (Bennett ef al., 1982). Nearly 90% of all
records of mortality and pathogenicity due to

avain haematozoa have been described from

229

domestic birds (Bennet er al., 1993). There are
128 species of Haemoproteus in birds all of
which are host specific but few species are
pathogenic (Bennett ef al., 1994). Earle efal.,
(1993) mentioned that during 1990 a high
mortality rate was recorded in doves in South
Africa as a result of massive infection with
H.columbae.

In Egypt, H.columbae was described from
the Egyptian domestic pigeons by Farid (1933)
and it was studied in detailes by several authors:
Mohammed (1958), Ahmed & EI-Sisi (1965),
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Abd-El Salam (1978), El-Gwady (1983) and
Abo-El-Magd et al., (1988).

H.palumbis was discovered by Baker (1966)
from the English wood-pigeons. Makhloof
(1975) studied both sexual and asexual stages of
H.palumbis in domestic pigeons in Assiut
Governorate and considered them as a new host
for this parasite. These results were cp,nﬂrmed

by Abed (1991) in the same locality.
The aim of the present work was to study
the infection and

morphological

incidence, intensity of
characters of H.columbae in
pigeons in Assiut Governorate in addition to
identification of their histopathological changes

and their ultrastructure.

MATERIAL AND METHODS :
Blood smears: |

-Blood samples were collected {mn_i 220 _]Sigeous
out of which 150 adult (110 domestic pigeons
and 40 wild pigeons) in  addition to. 70
domestic squabs. Most of these pigeons (200)
were apparently healthy and 20 pigeons were
diseased (weak, anemic, refused “food and
unable to fly) s

-Thin blood films were made, fixed in uié,l:hyl
alcohol and stained with Giemsa’s stain
according to Soulsby (1982) then dried and
examined microscopically.

-To estimate the parasitaema of H.columbae,
fields with about 100 RBCs were selected and
the number of parasites were _‘cq'in:llted
according to Earle et al., (1993). =

-In order to determine maturity of .g.al‘q-egtqp;y:tgs,
exflagellation process was done ih_‘wet blood
film according to Garnham (1966). 1

-Different forms of H.columbae detected by
microscopic examination were meam:lrred with
eye pice micrometer and microphotographed.

Gross pathology:

The sacrificed (highly infected with
H.columbae) pigeons were examined for the
existence of gross pathological changes in
visceral organs, brain and skeletal muscles.

Histopathology: - .

Tissue ' speclmen;‘ including liver, lungs,
kidneys, heart, spleen, intestine, brain and
skeletal muscles obtained from
pigeons were fixed in 10% neutral buffered

sacrificed

formalin. Fixed tissues were processed routinely
for paraffin embedding technique, sectioned at
4 ym and stained with hematoxylin and eosin
(HE) according to Bancroft and Stevens (1982).

Transmission electron microscopy:

Blood samples from selected cases were

.collected with anticoagulant (heparin), fixed in

-30-

4% buffered ‘glutaraldehyde (4°C) and 1mm
thick slices of fixed blood with consecutive
layers of leucocytes and erythrocytes were
obtained according to procedure described by
Anderson (1965). Blood slices were post-fixed in
1% osmium tetroxide, dehydrated in up-graded
ethanol series and embedded in Epon 8/2. Ultra-
thin sections were prepared, double stained with
uranyl . acetate and lead citrate (Johannessen,
1978) and examined under transmission

electron microscope (TEM) (JEOL 100 CXII)
operated at 80kv.

RESULTS :

Examination of 220 blood films of pigeons
revealed that the rate of infection of H.columbae
was 35.45% where it was detected in 78 pigeons.
The ﬁ'ﬁi‘:ﬁdence of H.columbae infection in adult
pigeons was 52.0% while it was not detected in
squabs. The wild pigeons are considered highly
susceptible for infection where their incidence
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was 85.0% while the incidence of infection in
domestic pigeons was 40.0% (Table 1).

Parasitaemia:

In pigeons which were apparently healthy
the parasitaemia was low 2-6 parasites/1000
RBCs, while the parasitaemia in diseased
pigeons was high 75-93 parasites/1000 RBCs.
Multiple invasions of host cell were common in
diseased pigeons (plate L. 10, 11).

Morphological characters:

a-Merozoite: It was ring, ovoid or rod shaped,
has a small chromatin granule. It mostly
adherent to host cell membrane but in few
cases the detected merozoites were adherent to
both nucleus and host cell membrane (plate I
1,2,3)

b-Immature gametocyte: It was sausage shaped
and it sometimes had irregular surface
towards the host cell nucleus. It mostly had
pigment granules but in some forms these

granules were undistinct (plate I 4, 5).

c-Gametocytes: Macro and microgametes are

mostly helter-shaped causing  lateral
displacement of host cell nucleus but some
gametocytes occupied a pilar or an oblique
position in the red blood cells so displace the
host cell nucleus to the other pole or it may be
expelled. Some gametocytes were highly

vacuolated specially in diseased pigeons (plate

16,7, 8, 9). Pigment granules may be arranged
in two or four groups specially in female
gametocytes. All these forms were detected
mainly in diseased pigeons, and caused a little
hypertrophy of the infected RBCs.
Measurements and other morphological

characters were recorded in (Table 2).

Exflagellation: The process of maturation
of micro and macrogametocyte of H.columbae
was done on wet blood film through 15 minutes.
Both gametocytes became active, smaller in size,
ranged from 4.4-6.4.1 (mean 5.4 p) in length and
produce one or more processes in both
directions. The length of each process ranged
After 15

these processes disappeared and the

from 2.4-4.8u (3.5p) (plate IT 1,2).
minutes
macrogmetocytes become rounded or ovoid in
shape, their diameter ranged from 4.2-5.8u
(5.3u) and their nucleus become eccentric. The
nucleus of infected RBCs was pushed more
peripherally (plate Il 3). Some ookinetes were
detected in EDTA blood samples after about 20
minutes from taking sample. It is composed
from two parts, anterior elongated part with a
narrow end and the posterior part which was
swollen or spherical in shape. Their nucleus was
located at the junction of the two parts. Pigment
granules and small rounded vacuoles were
scattered in the cytoplasm of the two parts. The
measurements of the ookinetes were 10.4x3.5 —

12.6x4.8 p (11.5 x 4.0p) (plate II 4).

Table (1): Incidence of Haemoproteus columbae in pigeon in Assiut.

No. of ex. Pigeon No. of inf. Pigeon Y

Squabs Domestic 70 - -
Dombstic 110 44 40.00
Adult Wild 40 34 85.00
Total of adult 150 78 52.00
Total 220 78 35.45

:31-
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Table (2): Morphometeric parameters
measurements are in microns).

of ' Haemoproteus columbae in

the present work. (all

Range Mean

Uninfected RBCs:

Length 9.6-12.2 114

Width 4.0-4.8 4.4
Infected RBCs:

Length 10.8-13.8 123

Width 4.8-5.6 53
Merozoites:

Length 2-4.5 32

Width 1.6-2.8 22
Immature gametocytes:

Length 6.5-10.5 9.2

Width 2.2-35 2.8
Macrogametocytes:

Length 9.8-15.0 13.2

Width 2.5-35 3.0

Nucleus 1.2x1.8 - 1.6x2.4: 1.6x2.0

Pig. granules 20-35 (number) 29

Vacuoles 3-9 (number) 7
Microgametocytes:

Length 8.2-134 112

Width 1.6-2.8 24

Nucleus 1.6X2.4 -2.4X2.8 1.8x2.5

Pig. granules 8-22 (number) 20

Vacuoles 2-5 (number) 3

Gross pathological findings:

The infected pigeons revealed enlargement
of the liver and kidneys . which appeared
chocolate brown in color. Blood éppeared thin
and watery.

Histopathology:

Microscopical  examination of - tissues
obtained from infected pigeons, liver revealed
presence of golden brown to dark brown
pigment granules of different sizes (hemozoin)
within macrophages and kupffer cells (plate ITI
A). Gametocytes of
frequently revealed within macrophages and
kupffer cells in portal and periportal areas
(plate III A). Marked of

inflammatory cells were observed nearby or

Haemoproteus were

aggregations

surrounding gametocytes and hemozoin and

:32-

composed mostly of macrophages and lymphoid
cells (plateIIl B&C). Nodules composed of dense
aggregations of mononuclear
observed in portal areas and hepatic
parenchyma (plate IVB). The hepatocytes
showed hydropic degeneration (plate ITI D).

cells were

Lungs revealed presence of gametocytes and
hemozoin _ within macrophages (plate IV A).
Gametocytes and schizonts were observed also
and arterioles
(plateIVA). Schizonts appeared as rounded or
oval structures containing darkly-stained bodies

in the pulmonary -capillaries

(merozoites). Periparabronchial inflammatory
cell infiltrations composed of lymphoid cells,
macrophages and heterophils were observed
(plateIV B). The

observed in parabronchial lumina (plate IV C).

inflammatory cells were

Sometimes the pulmonary tissue showed edema
(plate IV D).




Ass. Univ. Bull. Environ. Res. Vol. 5 No. 2, October 2002

Kidneys revealed presence of gametocytes
within blood vessels (plateVA). Hemozoin
pigment could be observed in the interstitial
tissue (plate V B). Perivascular and intertubular
mononuclear cell infiltration was evident (plate

V A&B). The kidney tubules were destroyed
and replaced by the reacting mononuclear cells
(plate V B).

No histological changes could be observed in
the other examined organs.

Plate (I) : Blood smears of infected pigeons showing different forms of

H.columbae.

N

(1,2, 3) : Different forms of merozoites X 1000.
(4,5) :Immature gametocytes X 1000.
(6,7) : Microgametocytes X 1000.

(8,9) : Macrogametocytes X

1000.

(10, 11) : Multiple infection of H.columbae X 1000
(12) : RBCs completely occupied with microgametocytes X 1000.

33
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Plate (IT): Maturation of gametocytes

N ¥
1- Exflagellation of macrogametocyte X 1000.
2- Exflagellation of microgametocyte X 1000.

3- Complete maturation of macrogametocyte X 1000.
4- Developmental ookinete X 1000.

-34-
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Plate (III) : Liver of infected pigeons.

(A):Gametocytes within macrophages (arrow) and hemozoin-laden macrophages (arrow head) in a portal and
periportal areas surrounded by aggregations of macrophages and lymphoid cells. HE. Oil immersion X 1000.

(B): A nodule composed of dense aggregations of mononuclear cells HE. X400.

(C): Mononuclear cell infiltration in a portal and periportal areas HE. X 400.

(D): Mononuclear cell aggregations in a focal area, some macrophages filled with hemozoin. The hepatocytes
showing hydropic degeneration HE. Oil immersion X 1000.

-35-
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Plate (IV): lung of infected pigeons.

(A): Gametocytes (arrow) and Schizonts, (arrow head) within blood vesels HE Oil immerssion X1000.

(B): Periparabronchial mononuclear cell infiltration composed of lymphoid cells and macrophages. HE. Oil
immerssion X 1000.

(C): Lymphoid cells, macrophages and heterophils in the lumina of parabronchi. HE. Oil immerssion X 1000.

(D): Edema and perparabronchinal mononuclear cell infiltration HE. Oil immersion X 1000.
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Plate (V): Kidney of infected pigeons.

(A):Gametocytes (arrow) blood vessel with perivascular mononuclear cell infiltration HE. Oil immersion

X 1000. ' *gl

(B):Marked ;mononuglear cell infiltration in intertoubular tissue and replacing the destroyed renal tubules.
Haemozoin pigment present in interstitial tissue. (arrow head) HE. X400.

-37-
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Ultrastructural of

H.columbae:

examination

Examination of sections in some infected
RBCs with electron microscope revealed that:
(plate VI 1) shows a longitudinal section of
gametocytes has a central spherical nucleus,
with peripheral small nucleolus. There is a large
pigment granule in each pole. These granules
were vacuolated and surrounded by an electron
dense area. Peripherally, there were also four
scattered in the cytoplasm of
gametocytes. (plate VI2Z) shows a highly
magnification of one pole of gametocytes, clear

vacuoles

in which that the pellicle (outer covering)
consists of two layers with a distinct space
between
appeared either vacuolated or as an electron
dense bodies. (plate V13) a high
magnification of premature gametocyte, clear in

them, while the pigment granules

shows

which the cytostome (micropyle) appeared as a
deep invagination in the pellicle near the inner
pole of the premature gametocyte. Section in
mitochondria was located at the center
surrounded by several vacuoles while pigment

granules were not present.

Plate (VI): Transmission electron micrographs.

1-RBCs containing gametocytes. notice the Nuclulous (N), Pigment granules (P) and Vacuoles (V) X 10500.
2-One pole of gametocytes. Notice the double layers of the pellicle(Pl) X 10500.
3-Immature gametocytes: Notice Cytostome (C) , Mitochondria (M) X 20500.

-38-
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DISCUSSION :

The present
incidence of infection with H.columbae was
35.45%, this result is considered lower than that
detected by Abd-El Salam (1978), Gad (1982)
and Abo-El Magd et al., (1988). This difference
between the results might be attributed to the
current usage of

study revealed that the

hygienic or

insecticides which play a role in control of the

measures

vector (Pseudolynchia canariensis).

The rate of infection of H.columbae in wild
pigeons was higher (85.0%) than that of
domestic pigeons (40.0%) this might be due to
the breeding program of the domestic pigeons
which were kept indoor for long time.

Squabs were found free from H.columbae,
This result agrees with results of previous
authors and this might be attributed to the
length of the incubation period of Haemoproteus
which ranged from 28-30 days (Calnek eral.,
1997).

The morphological characters of most forms
which were detected in the present work agree
with that of H.columbae which were described
by Makhloof (1975), Abd-El Salam (1978) and
Abed (1991). In some cases the detected forms
were typical to that of H.palumbis but according
the literatures H.palumbis
considered as a synonym for H.columbae
(Bennett er al., 1992; and Edson & Nelson 2001)
so all detected forms in the present work were

to recent is

identified as H.columbae.

The parasitaemia was high in- diseased
pigeons, while low level of parasitaemia was
detected in most infected pigeons, which were
apparently healthy. Lack of clinical signs or
pathological changes for H.columbae in most

infected pigeons are unknown, but as suggested

Haemoproteus parasite with pigeons to establish
such a complementary equilibrium status.

Investigation conducted on maturation of
both gametocytes in wet blood film showed
macro and microgametocytes complete their
maturation and ookinetes were detected in a
short time not more than 15 minutes. These
results were nearly similar to that obtained by
Makhloof (1975).

In the present study, the gross lesions
associated with the infection are in line with
those observed by Atkinson et al., (1995) who
mentioned that infected blood cells being
destroyed and removed from circulation so the

blood appeared thin and watery. Dark
coloration of organs may attributed to
deposition of hemozoin produced by

Haemoproteus (Levine, 1985; Atkinson et al.,
1995). The histopathology of infected pigeons in
the present
inflammatory processes with a marked degree

study were represented by

of tissue damage in the liver, kidneys and lungs.
These marked changes associated with presence
of gametocytes and/or hemozoin. Schizonts were
seen only in the lungs. These findings were in
agreement with Ahmed & Mohamed (1977) who
observed the formation of schizonts in lung
tissue only but contrary to findings noted by
Earle ef al., (1993) who detected schizonts in
various tissues, including striated muscle. The
presence of megaloschizonts in different organs
and striated muscles had been regarded by

.Earle et al., (1993) as an indication of the

by Bennett et al., (1992) might be interpreted as

a long-term evolutionary association of

_39-

severity of the infection rather than the
limitations of Haemoproteus species to form
schizonts in different tissues. However, in the
present study marked inflammatory response
and tissue damage evoked by gametocytes and
hemozoin pigment with or without presence of
schizont were enough to indicate the severity of
the infection.
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The electron microscopical examination of
some infected RBCs threw light on the fine
structure of H.columbae. Some of our present
findings are coincided with that reported by
Abed (1991), but the difference being in the
description of the cytostome, where it was
detected in the present work as a narrow
invagination in the wall, while Abed (1991)
described it as a flask- shape. This difference
appeared to be related to the activity of that
organelle, where its function is mostly feeding
purpose (Scholtyseck, 1979).

Based on the present study we can conclude
that H.columbae under certain conditions
increase in number and invades large numbers
of RBCs that affects their efficiency and induce
pathological changes in different organs
specially in liver, lung and kidney. Functional
disturbances of these organs reflect on the
general condition of infected pigeons and may

lead to death.
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