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ABSTRACT

In the present study, the causative agents of proliferative kidney disease (PKD) in both Oreochromis
niloticus and Clarias gariepinus were identified based on the size and morphology of the spores and
their polar capsules. The spores and polar capsules dimensions were measured by the Image J
computer software. The occurrence of different myxosporean spores was confirmed by molecular
biological technique using PCR with general and specific primers for different myxosporeans.
Histopathological changes associated with PKD were recorded in both species. The results showed
that there are 21 myxosporean species belonged to the genera Myxobolus, Chloromyxum, Myxidium,
and Triangula. These include Myxobolus sarigi, Myxobolus amieti, Myxobolus distichodi, Triangula
spp., Myxobolus heterosporous type2, Myxobolus brachysporous, Myxobolus tilapiae, Myxobolus
heterosporous typel, Myxobolus equatorialis, Myxobolus exigus, Myxobolus hydrocuni, Myxobolus
spp.,  Myxobolus dossoui, Myxobolus heterosporousl, Myxidium spp., Chloromyxum spp.,
Sphaerospora spp., Tetracapsuloid tilapiae, Thelohanellus spp., Henneguya spp., and PKDX tissue
form. The PCR results showed bands at 1600 bp specific for Myxobolus spp., at 450 bp specific for
Chloromyxum (Tetracasuloid spp.), and at 1400 bp specific for Spaherospora spp. in both O.
niloticus and C. gariepinus. The general primer for Myxozoan produced bands at 1700 bp whereas
Myxosprea specific but species unspecific primers produced bands at 900bp. Histopathological
examination showed extrasporogenic stages of the parasite in the kidney interstitium surrounded by
granulomatous inflammatory cell infiltration, while the sporogenic stages were observed intraluminal
or within the epithelial cells of some renal tubules. Necrobiosis of epithelial lining renal tubules was
seen in many affected Kidney tissues. Proliferations of interstitial fibrous connective tissue with
degeneration of the renal tubular epithelium were detected in some affected kidneys.
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LINTRODUCTION

n Egypt, proliferative kidney disease bryosalmonae parasitizes a broad range of
Iwas observed to be epidemic among freshwater bryozoans hosts, some of which

Tilapian fishes and known as Tilapian occur throughout the holarctic [29, 37].
proliferative kidney disease (TPKD) [8]. Recent genetic studies providing evidence
The disease is characterized by a severe for ongoing gene flow among bryozoans
swelling of the kidney induced by the host population point to migratory water fowl
immune response to the presence of as agents of occasional long distance
extrasporogonic stages of a myxozoan dissemination with bryozoans dispersive
parasite [4, 19, 30]. Tetracapsuloid stages (statoplasts) [13]. In this study, the
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causative agents of proliferative kidney
disease (PKD) in both O.niloticus and C.
gariepinus were identified based on the
size and morphology of the spores and
their polar capsules. The spores and polar
capsules dimensions were measured by the
Image G computer software. The
occurrence of different Myxosporean
spores was confirmed by molecular
biological technique using PCR with
general and specific primers for different
Myxosporeans. Histopathological changes
associated with PKD were recorded in
both species.

2. MATERIAL AND METHODS

2.1. Fishes

This study used 500 fish, of which 266
were O. niloticus with average weight of
120£10 g and 234 C. gariepinus with
average weight of 200+15g obtained from
El-Riah EI-Tawfiki and its tributaries.

2.2. Microscopic examinations of kidney
preparations.

Specimens from examined kidneys and
nodules if present with few drops of saline

microscope. The spores were examined for
identification and taxonomical
classification as previously described [22,
23] and using the keys to genera and
species of myxosporea in Africa [12].

2.3. Classification of the causative agents
based on the size and morphology.

Images were captured by Sony digital
camera from different microscopical fields
containing the spores. These images were
imported to the Image J program for
measuring the dimensions of every type of
spores and the polar capsules and the
results were exported to excel file [1].

2.4. The polymerase chain reaction (PCR).
Kidney samples from the infected fish
were excised and frozen at -20 °C for PCR
analysis [22]. Commercial DNA extraction
kit (purchased Promega Corporation,
Madison, WI, USA) for genomic DNA
extraction from collected kidney samples.
The Kit include: Nuclei lysis solution,
RNase solution and protein precipitation
solution. Specific primers were used for
identification of the causative agents
(purchased from Eurofins MWG /Operon).

were squashed and examined under Six types of primers were used follow:
Primer NAME Sequence Reference
Any myxozoan 18e 5-TGG TTG ATC CTG CCA GT-3’ Hillis and Dixon [16]
189 5'-GGT AGT AGC GAC GGG CGG TGT G-3'
Myxgp2F 5'-TGG ATA ACC GTG GGAAA-3' Kent et al. [21]
ActlR 5-AATTTCACCTCTCGCTGCCA-3’
Tetracapsuloid 5F 5-CCTATCAATGAGTAGGAGA-3’ Kent et al. [21]
bryosalmonae 6R 5'GGACCTTACTCGTTTCCGACC-3’
Myxobolus spp. 18e 5-CTGGTTGATTCTGCCAGT-3’ Hillis and Dixon [16]
18r 5'-CTACGGAAACCTTGTTAC-3' Whipps et al. [35]
MX5 5'CTGCGGACGGCTCAGTAAATCAGT-3’ Andree et al. [3]
MX3 5'CCAGGACATCTTAGGGCATCACAGA-3’
Sphaerospora SphF 5'ACTCGTTGGTAAGGTAGTGGCT-3' Eszerbauer and Szekely [24]
spp. SphR 5'-GTTACCATTGTAGCGCGCGT-3'

The PCR reaction for 18e, 18g, Myxgp2F,
ActlR, 5F, and 6R was performed in 25ul
volumes with 0.2 units of Titanium Taq
DNA polymerase and 10x buffer
containing 1.5mM Mgcl2, 0.2 mM of each
dNTP, 0.5Mm of each primer and 1 pl of
template. Denaturation of DNA (95°C for
3 minutes) was followed by 30 cycles of
amplification 95°C for 50 sec, annealing
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temperature (63°C for 18e and 18g, 58°C
for Myxgp2F and ActlR and 55°C for 5F
and 6R) for 50 sec., and 70°C for 1 min 20
sec and terminated by 4 min extension
(70°C). PCR products were separated in
1% agarose gel containing ethidium
bromide in sodium boric acid buffer at
300v for 15 min. and there after visualized
under UV light. The PCR reaction for 18e,
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18r, MX5, MX3, and SphF, and SphR in
the following conditions: genomic DNA
was amplified with the primer pair 18e and
18r. The total volume of the PCR reaction
was 25ul which contained approximately 5
to 25 ng DNA, 0.5x Tag PCR reaction
buffer, 1.5 mM Mgcl2, 0.2mM dNTP mix,
0.5 mM of each primer, and 2u of Taq
DNA polymerase. Amplification condition
were 95°C for 50 sec, 58°C for 50 sec, and
72°C for 80 sec for 35 cycles, with a
terminal extension at 72°C for 7 min,
when a weak band was detected on 1%
agarose gel in TBE buffer, the
amplification was followed by nested PCR
assay with inner primer pairs MX5 and
MX3. The cycling condition with the
primers MX5 and MX3 were 95°C for 30
sec, 50°C for 30 sec, and 72°C for 60 sec
for 35 cycles, and were terminated with an
extension period at 72°C for 7 min. For the
primers SphF and SphR the amplification
conditions were 95°C for 50 sec, 56°C for
50 sec and 72°C for 80 sec for 35 cycles,
with a terminal extension at 72°C for 7
min. PCR products were electrophoresed
in 1% agarose gel stained with ethedium
bromide.

2.5. Histopathological examination.

Tissue specimens of kidneys and urinary
bladder were fixed in 10% neutral buffered
formalin (NBF) then dehydrated and
blocked in paraffin wax. Tissue sections of
5-7 microns thickness were stained with
Haematoxylin and Eosin [6].

3. RESULTS

3.1. ldentification of different types of
myxosprean spores

As shown in Fig. 1 and Table 1, there were
at least 21 myxosporean species belonged
to the genera Myxobolus, Chloromyxum,
Myxidium, and Triangula. These include
Myxobolus sarigi, Myxobolus amieti,
Myxobolus distichodi, Triangula spp.,
Myxobolus heterosporous type2,
Myxobolus  brachysporous, Myxobolus
tilapiae, Myxobolus heterosporous typel,
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Myxobolus equatorialis, Myxobolus exigus,
Myxobolus hydrocuni, Myxobolus spp.,
Myxobolus dossoui, Myxobolus
heterosporousl, Myxidium spp.,
Chloromyxum spp., Sphaerospora spp.,
Tetracapsuloid tilapiae, Thelohanellus
spp., Henneguya spp., and PKDX tissue
form.

3.2. The results of PCR

The PCR amplification of DNA obtained
from the kidney tissues of O. niloticus and
C. gariepinus affected with PKD
(previously proven microscopically to be
infested  with  different  types of
Myxosprea) showed different PCR
products related to various species of
Myxobolous, Sphaerospora,
Tetracapsuloid species.

In O. niloticus, the PCR amplification
performed using primer (18e-18g) that can
be used for identification of Myxozoan
produced bands at 1700 bp (Fig. 2). The
PCR results were confirmed by nested
PCR with Myxosprea primers (MyxgF-
ActR) and the bands of the expected size
(900bp) were obtained for both of them in
all samples (Fig.3). For Myxobolous
species primer (18e-18r), the bands of the
expected size (2000 bp) appeared (Fig. 4)
and the nested PCR performed for weak or
faint bands with MX5-MX3 at 1600 bp
(Fig. 5) and SphF-SphR primers at 1400
bp (Fig.6). PCR amplification performed
on the DNA with Sphaerosphora species
primer showed bands at 1400 bp (Fig. 7).
Also, the Tetracapsuloid species primer
produced bands at 450 bp (Fig. 8).

In C. gariepinus, the result of PCR
performed  using  18e-18g  primer
(Myxozoan) showed bands at 1700 bp (Fig.
9). Nested PCR using MyxgF-ActR primer
(Myxosporea) demonstrated the product at
900 bp (Fig. 10). PCR using primer 18e-
18r showed bands at 2000 bp (Fig. 11).
The nested PCR applied on the weak and
faint bands using MX5-MX3 primer
(Myxobolous species) and SphF-SphR
primer (sphaerospora species) produced
bands at 1600, 1400 bp (Fig. 5, 12).
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Table 1 Morphology and dimensions of the spores and polar capsules identified by microscopic

examination.
No  Species Spore shape Polar capsule Spore Spore Polar Polar Host
shape length width capsule capsule
(um) (um) Length width
(pm) (pm)
1. Myxobolus triangular to spherical and 15.7625 12.675 5.0375 4.0625 O. niloticus
sarigi subspherical equal C.gariepinus
2. Myxobolus Pyriform large and 16.0875 9.425 9.9125 3.0875 O. niloticus
amieti elongated polar C.gariepinus
3. Myxobolus Pyriform Flask 15.1125 8.125 4.55 2.275 O. niloticus
distichodi C.gariepinus
4. Triangula spp. Rounded, Subspherical 12.8375  11.2125 4.3875 3.7375 O. niloticus
triangular
5. Myxobolus Ovoid to Flask 13.975 8.9375 7.6375 2.275 O. niloticus
heterosporous type2 pyriform C.gariepinus
6. Myxobolus Ellipsoidal Ovoid 15.275 9.2625 5.0375 3.7375 O. niloticus
brachysporous C.gariepinus
7. Myxobolus Ovoid Ovoid 17.0625 11.05 3.575 2.275 O. niloticus
tilapiae
8. Myxobolus ovoid to Pyriform 16.4125 10.725 4.3875 2.7625 C.gariepinus
heterosporous typel pyriform
9. Myxobolus.equatorialis Pyriform Rounded 13.975 6.0125 2.7625 1.7875 O. niloticus
10. Myxobolus Round Oval 8.6125 7.9625 39 2.275 C.gariepinus
exigus
11.  Myxobolus Ovoid to Flask 13.65 7.6375 7.475 2.275 O. niloticus
hydrocuni pyriform
12.  Myxobolus spp. Rounded Ovoid 6.3375 7.6375 2.4375 2.275 C.gariepinus
13.  Sphaerospora spp. ovoid to Flask 11.05 10.4 4.875 2.1125 O. niloticus
pyriform
14.  Myxobolus heterosporous Ellipsoidal Ovoid 18.525 11.5375 5.525 2.6 C.gariepinus
15.  Myxidium spp Fusiform or pyriform or 18.5 6.7 4.2 3.9 O. niloticus
ellipsoidal spherical C.gariepinus
16.  Chloromyxum sppl Rounded to Ovoid (3 polar 13.2 12.8 34 2.6 O. niloticus
triangular capsules)
17.  Sphaerospora spp. Spherical or rounded 7.8 7.6 25 2.8 C.gariepinus
subspherical
18.  Tetracapsuloid tilapiae in Rounded to Ovoid (4 polar 12.9 12.4 29 2.7 O. niloticus
Urinary bladder triangular capsules)
19.  Thelohanellus spp. Ovoid Single ovoid at 10.1 7.8 31 29 O. niloticus
one end
20. Henneguya spp. Fusiform Pyriform 15.275 10.4 4.875 2.925 C.gariepinus
21. PKDX tissue form Subspherial spherical 12.01 9.1 35 34 O. niloticus
C.gariepinus

Also the PCR performed by using
Sphaerospora primer and Tetracapsuloid
species primers produced bands at 1400
and 450 bp, respectively (Fig. 13, 14).

3.3. The histopathological examination

The microscopical examination of fish
infected with PKD revealed chronic
granulomatous interstitial inflammatory
response of the kidneys, accompanied by
limited destruction of some renal tubules.
Diffusely, the cortical and medullary
interstitium were expanded by clusters of
mononuclear inflammatory cells mainly
macrophages, lymphocytes and
eosiniphilic granular cells. Moreover,
circumscribed granuloma replaced large

162

area of renal tissue, and composed of
central necrosis and mineralization with
aggregates of epithelioid and mononuclear
cells and rimmed by fibrous tissue capsule
was rarely observed. The lining epithelium
of the proximal and distal convoluted
tubules  exhibited degenerative and
necrotic changes.

The degenerated epithelium was either
swollen with pale vacuolated cytoplasm, or
filled with variable sizes hyalinized
eosinophilic droplets that obscured the
normal architecture of some renal tubules.
The necrotic epithelium was shrunken,
with hypereosinophilic cytoplasm and
pyknotic nuclei, occasionally, the necrotic
epithelium exfoliated in the lumen of
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tubules in the form of cellular casts.
Numerous extrasporogenic stages and
primary cells contained one or more
daughter cells of myxosporean parasites
were found scattered in the interstitial
tissue, haemopoietic tissue and in stroma

of focal granuloma surrounded by
marophages and lymphocytes. The
sporogenic  stages of  myxosporean

parasites were observed intraluminal or
within the epithelial cells of renal tubules.
The fully formed spores were ovoid with
indistinguishable valves and two spherical
polar capsules at the anterior end (Fig. 15
A-F).

Fig. 1 Identification of different types of myxosporean
spores: a-Myxobolus sarigi b-Myxobolus amieti c-
Myxobolus distichodi d-Triangula spp e-Myxobolus
heterosporous type2 f-Myxobolus brachysporous g-
Myxobolus tilapiae h-Myxobolus heterosporous typel i-
Myxobolus equatorialis j- Myxobolus exigus k-
Myxobolus hydrocuni I-Myxobolus spp m-sphaerospora
spp in tissue n-Myxobolus heterosporous o-Myxidium
spp p-Chloromyxum sppl @- Sphaerospora spp r-
tetracapsuloid tilapiae in Urinary bladder s-Thelohanellus
spp. t-Henneguya spp. u- PKDX tissue form.
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1700bp

Fig. 2 Ethidium bromide-stained gel of amplified PCR
products representing amplification of 18e-18g gene
(myxozoan) in Oreochromis niloticus. Lane 1: 2000-bp
ladder marker. Lanes: 2-17: 1700-bp PCR products
amplified from Oreochromis niloticus DNA

9000bp

Fig. 3. Ethidium bromide-stained gel of nested PCR
products representing amplification of MyxgF-ActR gene
(myxosprea) in Oreochromis niloticus. Lane 1: 2000-bp
ladder marker. Lanes: 2-18: 900-bp PCR products
amplified from Oreochromis niloticus DNA.

2000bp

Fig. 4. Ethidium bromide-stained gel of amplified PCR
products representing amplification of 18e-18r gene
(myxobolus) in Oreochromis niloticus. Lane 1: 2000-bp
ladder marker. Lanes: 2-8: 2000-bp PCR products
amplified from Oreochromis niloticus DNA.

G0[0] o] o)

Fig. 5. Ethidium bromide-stained gel of nested PCR
products representing amplification of MX5-MX3 gene
(myxobolus) in Oreochromis niloticus and Clarias
gariepinus. Lane 1: 2000-bp ladder marker. Lanes:
2,3,4,7 and 8: 1600-bp PCR products amplified from
Oreochromis niloticus DNA. Lanes: 10,11,14,15 and 16:
1600-bp PCR products amplified from Clarias
gariepinus DNA.
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1400bp

Fig. 6. Ethidium bromide-stained gel of nested PCR
products representing amplification of SphF-SphR gene
(Sphaerospora) in Oreochromis niloticus. Lane 1: 2000-
bp ladder marker. Lanes: 3,5,7, and 8: 1400-bp PCR
products amplified from Oreochromis niloticus DNA.

. T ]

Fig. 7 Ethidium bromide-stained gel of amplified PCR
products representing amplification of SphF-SphR gene
(Sphaerospora) in Oreochromis niloticus. Lane 1: 2000-
bp ladder marker. Lanes: 2-15: 1400-bp PCR products
amplified from Oreochromis niloticus DNA.

Fig. 8. Ethidium bromide-stained gel of amplified PCR
products representing amplification of 5F-6R gene for
Tetracapsuloid bryosalmonae in Oreochromis niloticus.
Lane 1: 2000-bp ladder marker. Lanes: 2-15: 450-bp
PCR products amplified from Oreochromis niloticus
DNA.

1700bp

Fig. 9. Ethidium bromide-stained gel of amplified PCR
products representing amplification of 18e-18g gene
(myxozoan) in Clarias gariepinus. Lane 1: 2000-bp
ladder marker. Lanes: 2-22: 1700-bp PCR products
amplified from Clarias gariepinus DNA.
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Fig. 10. Ethidium bromide-stained gel of nested PCR
products representing amplification of MyxgF-ActR gene
(myxosprea) in Clarias gariepinus. Lane 1: 2000-bp
ladder marker. Lanes: 2-18: 900-bp PCR products
amplified from Clarias gariepinus DNA.

Fig. 11. Ethidium bromide-stained gel of amplified PCR
products representing amplification of 18e-18r gene
(Myxobolus) in Clarias gariepinus. Lane 1: 2000-bp
ladder marker. Lanes: 2-11: 2000-bp PCR products
amplified from Clarias gariepinus DNA.

.....

Fig. 12. Ethidium bromide-stained gel of nested PCR products
representing amplification of SphF-SphR  gene
(Sphaerospora) in Clarias gariepinus. Lane 1: 2000-bp
ladder marker. Lanes: 2-8: 1400-bp PCR products
amplified from Clarias gariepinus DNA.

1400bp

Fig. 13. Ethidium bromide-stained gel of PCR products
representing amplification of SphF-SphR  gene
(Sphaerospora) in Clarias gariepinus. Lane 1: 2000-bp
ladder marker. Lanes: 2-9: 1400-bp PCR products
amplified from Clarias gariepinus DNA.
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Fig. 14. Ethidium bromide-stained gel of amplified PCR
products representing amplification of 5F-6R gene for
Tetracapsuloid bryosalmonae in Clarias gariepinus. Lane
1: 2000-bp ladder marker. Lanes: 2-18: 450-bp PCR
products amplified from Clarias gariepinus DNA.

A
%

Figl5. (A-F) A.Kidney tissue infected with PKD showing
chronic granulomatous interstitial inflammatory response
(asterisk) accompanied by limited destruction of some
renal tubules (arrow). B. Kidney tissue infected with
PKD showing circumscribed granuloma replaced large
area of renal tissue, and composed of central necrosis and
mineralization (asterisk) with aggregates of epithelioid
and mononuclear cells (arrow head) and rimmed by
fibrous tissue capsule (arrow). H&E stain x 100. C.
Kidney tissue infected with PKD showing hyaline
droplet degeneration obscured the normal architecture of
some renal tubules (arrow). H&E stain x 400. D. Kidney
tissue infected with PKD showing cellular casts (asterisk)
in the lumen of the necrotic tubules. H&E stain x 400. E.
Kidney tissue infected with PKD  showing.
extrasporogenic stages (arrow) and primary cells
contained one or more daughter cells (arrow head) of
myxosporean parasites in the stroma of focal granuloma
surrounded by marophages and lymphocytes. H&E stain
x 1000. F. Kidney tissue infected with PKD showing
sporogenic stages (arrow head) of myxosporean parasites
within the epithelial cells of renal tubules H&E stain x
1000.

4. DISCUSSION

In this study, different types of mature
myxosporean spores were identified by
microscopical examination of the fresh
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preparations of affected kidneys. Similar
results were recorded by EI-Mansy and
Abdel-Ghaffar  [8]. They identified
seventeen myxosporean species belong to
the genera Myxobolus, Tiangula and
Chloromyxum in tilapian fishes from the
River Nile at El-Rahawy drain. The
Presence of different myxosporean spores
together in the kidney of almost all
examined tilapian fishes could be
attributed to two reasons, first that mature
spores may come from their specific
organs to the kidney via blood and in this
case the kidney infection could be used as
a diagnostic evidence for the presence of
myxosporean parasites and the other
reason that some spores may originate as a
final stage of the development of PKD
cells within the kidney tissues because
mature spores were already found together
with these stages surrounded with cyst like
structures [8].

The spores have different sizes and
morphology. Spores were identified
according to the shape and dimension
(length-width) and the polar capsule shape
and dimension using the keys to genera
and species of Myxosporea in Africa [12].
The main species identified according to
this method were belonged to the genera
Myxobolus, Chloromyxum, Myxidium,
and Triangula. Twenty one 21 species
were identified as  Myxobolus sarigi,
Myxobolus amieti, Myxobolus distichodi,
Triangula spp., Myxobolus heterosporous

type2, Myxobolus brachysporous,
Myxobolus tilapiae, Myxobolus
heterosporous typel, Myxobolus
equatorialis, Myxobolus exigus,
Myxobolus hydrocuni, Myxobolus spp.,
Myxobolus dossoui, Myxobolus
heterosporousl, Myxidium spp.,

Chloromyxum spp., Sphaerospora spp.,
Tetracapsuloid tilapiae, Thelohanellus
spp., Henneguya spp., and PKDX tissue
form.

The PCR was used as a confirmatory tool
for the diagnosis of different types of
Myxosporeans associated with PKD in O.
niloticus and C. gariepinus. The PCR
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amplification of DNA obtained from the
kidney tissues of O. niloticus and C.
gariepinus affected with PKD (previously
proven microscopically to be infested with
different types of myxosprea) showed
different PCR products related to various
species of Myxobolous, Sphaerospora,
Tetracapsuloid.

In O. niloticus, the PCR amplification
performed using the primer (18e-18g) that
can be used for identification of Myxozoan
produced bands at 1700 bp. Because this
primer can identify any type of Myxozoans,
it was followed by nested PCR using more
specific primers but species unspecific
(MyxgF- ActR). This primer demonstrated
bands at 900bp in all samples. To identify
different types of Myxosporea, species
specific primers were used. Myxobolous
species primer (18e-18r) produced the
bands at 2000 bp. These findings were
similar to those obtained by Molnar et al.
[26]. The nested PCR performed for weak
or faint bands with MX5-MX3 at 1600 bp.
This finding was also coincided with
Molnér et al. [26]. The use of SphF-SphR
primers on nested PCR produced bands at
1400 bp, confirming the presence of
Sphaerospora species in kidneys of O.
niloticus affected with PKD. The same
results were also obtained when performed
on the DNA with Sphaerosphora species
primer. Similar PCR findings were
recorded by Eszerbauer and Szekely [10].
Tetracapsuloid  bryosalmonae  primer
produced bands at 450 bp. This result
confirms the role of Tetracapsuloid
bryosalmonae in the pathogenesis of PKD
in O. niloticus. Similar PCR observation
was recorded by Holzer et al. [17].

In C. gariepinus, the result of PCR
performed  using  18e-18g  primer
(Myxozoan primer) showed bands at 1700
bp. The nested PCR using MyxgF-ActR
primer (Myxosporea) demonstrated the
product at 900 bp. PCR using Myxobolous
species primer 18e-18r showed bands at
2000 bp. The nested PCR applied on the
weak and faint bands using MX5-MX3
primer (Myxobolous species) produced
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bands at 1600 bp. These findings were
similar to those obtained by Molnar et al.
[26], and confirm the implication of
Myxobolus spp. in etiology of PKD in C.
gariepinus. PCR amplification using
SphF-SphR  primer produced bands at
1400 bp confirming the occurrence of
Sphaerospora species as one of the
causative agent of PKD in C. gariepinus.
Similar PCR findings were recorded by
Eszerbauer and Szekely [10]. PCR
performed by using Tetracapsuloid
bryosalmonae primers produced bands at
450 bp. This result confirms that
Tetracapsuloid bryosalmonae is one of the
causative agents of PKD in C. gariepinus.
Similar PCR finding was observed by
Holzer et al. [17].

Histopathological examination using H&E
of kidney tissue of fish affected with PKD
showed chronic inflammation of the
kidney and the tissue sections revealed the
protozoan primarily in the Kkidney
interstitium associated with a
granulomatous interstitial nephritis and
tubular atrophy. These findings agree with
those recorded by previous authors [4, 5,
14, 20, 36].

Histological finding in some affected fish
showed hyper cellularity of the kidney
interstitium due to mononuclear cell
proliferation and infiltration associated
with the parasites and the infected fish
exhibited a reduced number of tubules.
Parasites may be surrounded by
macrophages and lymphocytes and in most
fishes found hypertrophied kidney with
developing myxosporean  spores  as
evidenced by polar capsule formation were
observed. The intraluminal organisms
appeared as myxosporean trophozoites due
to formation of multicellular spores with
polar capsules. These histopathological
findings were nearly similar to those
observed by earlier authors [8, 9, 11, 25,
27, 33 34]. The hyperplastic response of
lymphoid  tissue  associated  with
proliferative kidney disease could be
attributed to the immunopathological
condition mediated by the host leukocytes
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and macrophages which are the principal
actors in these conditions [24].

The extrasporogenic stages of the parasite
were observed in the kidney interstitium
surrounded by granulomatous
inflammatory cell infiltration appeared as
major histopathological changes.
Necrobiosis of epithelial lining renal
tubules was observed in many affected
tissues. Proliferation of interstitial fibrous
connective tissue with vacuolization of the
renal tubular epithelium occurs in some
affected kidneys. These histopathological
findings were nearly similar to those
reported by previous authors [25, 27, 31].
In a conclusion, the results demonstrated
that PKD in O. niloticus and C. gariepinus
is caused by different types of
myxosporean spores belong to Myxobolus,
Sphaerospora,  Myxidium,  Triangula,
Chloramyxum and Tetracapsuloid
bryosalmonae. At least 21 species were
identified. The PKD caused by these
species adversely affects the kidneys by
hyperplasia of lymphocyte-macrophage
cells and reduction of the functional
nephrons.
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