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Abstract
Background and Aim: Saprolegniasis is a fungal disease that infects freshwater fish. The condition is characterized by a 
cotton-like appearance in the gills and body. This study aimed to isolate Saprolegnia from common carp, Cyprinus carpio, 
raised in a floating cage in Wana district, Mosul, Iraq.

Materials and Methods: Samples were collected from 15 infected fish and examined microbiologically, molecularly, and 
histopathologically. Saprolegnia DNA was extracted which was amplified using universal primers give a 540 bp DNA 
fragment, and gill and muscle tissue were also examined for histopathological changes.

Results: Isolated colonies of Saprolegnia were characterized by a circular, white cottony appearance with long hair. 
Lactophenol staining demonstrated hyphae as branched non-septate, transparent masses. The genomic DNA of isolates was 
consistent with Saprolegnia spp. The infected tissue samples showed variable pathology in gills. Severe hemorrhage and 
edema were observed in primary gill filaments with hyperplasia in epithelial cells and infusion in secondary gill filaments. 
Hyphae of Saprolegnia were seen between necrotic and edematous myofiber with inflammatory cells infiltration.

Conclusion: Saprolegnia can cause economic impacts through lethal infection of fish. Clinical signs of Saprolegnia 
infection were confirmed molecularly and microscopically, and these findings were supported by histopathological lesions 
in gill and muscle tissues.
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Introduction

The eukaryotic oomycetes fungi are pathologi-
cal microorganisms responsible for infections in both 
animals and plant infections [1]. Severe infections 
in fish are known as saprolegniosis disease  [2,3]. 
Oomycetes fungi cause significant economic loses to 
fish production, including salmon, trout, and catfish, 
which are more susceptible to oomycete infection [4]. 
Infection is also observed in zebrafish and silver cru-
cian carp [5,6]. Fish pathogens are mostly classified in 
the order, Saprolegniales, and eight genera infect fish, 
either naturally or artificially, including Calyptratheca, 
Leptolegnia, Achlya, Aphanomyces, Leptomitus, 
Pythiopsis, Thraustotheca, and Saprolegnia. 
Saprolegnia, Aphanomyces, and Achlya are important 
pathogens for aquaculture [7,8]. Infected fish display 
different levels of susceptibility but manifest the same 
symptoms [9]. Saprolegnia parasitica is responsible 

for substantial fish mortality  [10]; Saprolegnia spp. 
infections are closely associated with catastrophic 
losses in fish production in both freshwater and marine 
aquaculture industries  [11]. Pathogenic oomycetes 
also infect fish eggs and cause considerable losses in 
fish hatcheries [12].

The oomycete infection occurs by translocation 
of effector proteins into infected cells; these proteins 
impede host defenses [13]. S. parasitica is a fish patho-
gen with secondary cysts characterized by clusters of 
long-haired hook bundles. These hooks, along with 
adhesive extracellular matrix and proteins (fibronec-
tin and thrombospondin), increase the strength of cyst 
attachment to hosts [14], and leading to damage the 
host epidermis cells and consequently causes tissue 
damage and dehydration as a result of the release of 
toxic materials and body fluids [9].

No effective treatments are available for 
Saprolegnia infection [15]. However, some medi-
cations, such as antimicrobial peptides that enhance 
host immune response, have been tried [4]. Further, 
clotrimazole could be effective against Saprolegnia 
infections through pretreatment of fish eggs of fresh-
water-farmed fish [16]. In addition to Virkon® S, it 
has been shown to control and prevent saprolegniasis 
infection in common carp [17].
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Saprolegnia causes considerable impact in local 
fish industries, particularly in Mosul city in North Iraq. 
However, limited studies are available to characterize 
the pathogen in this region. This study was aimed, pri-
marily, at identification of the pathogen using micro-
biological, molecular, and histopathological methods. 
This investigation will help identify and confirm this 
disease’s environmental distribution, thus informing 
development of measures to control the disease.
Materials and Methods
Ethical approval

In this study, ethical approval was not required; 
however, samples were collected based on the stan-
dard procedure and institutional guidelines for sample 
collection.
Study period and location

The infected fish were collected from different 
sites from floating cages in the Wana sub-district in 
Mosul, Iraq, from March to July 2019. 
Fish

A 15 infected common carp “Cyprinus carpio” 
from floating cages in Wana/Mosul, Iraq, were inves-
tigated. Infected fish were examined, and samples 
were collected from fish that exhibited Saprolegniosis 
signs [18], including cotton wool-like lesions on the 
head, fin, and body, skin ulceration, and loss of appe-
tite, Figure-1. These fish were placed in polyethylene 
bags and transported under sterile conditions to labo-
ratories at the College of Veterinary Medicine, Mosul 
University, Mosul, Iraq.
Microbiological examination of the collected samples

All samples were collected and immediately 
transported in cold conditions. These samples were 
cultured on Sabouraud’s dextrose agar (SDA) plates. 
Medium was composed of 65 g of SDA base with 
250 mg chloramphenicol, 26 mg of gentamycin, 
5 g of yeast extract, and the distilled water con-
stituents and adjust volume 1 L. After dissolution, 
pH was adjusted to 5.8. The inoculated plates were 
incubated at 20-25°C for 5-10 days. Plates with-
out positive growth were further incubated for up 
to 4 weeks before discarding. All positive cultures 

were subcultured using SDA plates to obtain pure 
axenic single colonies. These plates were incubated 
at 20-25°C for 3-5 days. For microscopic examina-
tion, slides were prepared from each colony using 
a tape method. Transparent tape was lightly pressed 
onto growing colonies. The tape was fixed over a 
clean slide with a drop of lactophenol cotton blue 
stain. Stained slides were observed under a micro-
scope at 50× and 200× to identify this fungus, using 
a fungal identification key [19]. Shape and diame-
ter of hyphae and spores from isolated fungi were 
measured. All purified cultures were examined for 
macro- and micromorphological characteristics. 
Gross morphological examination recorded the rate 
of the fungal growth, texture, changes in color during 
growth, the final color of surface, and reverse sides 
of the colonies.
DNA analysis

The DNA of Saprolegnia was extracted 
directly from infected fish tissues according to 
the manufacturer instructions (gSYNC™ Geneaid 
Extraction Kit). Briefly, collected samples were 
prepared and DNA extracted following kit man-
ual instructions. All extracted DNAs were stored 
at −20°C until analyzed. Molecular identification 
of Saprolegnia used the internal transcribed spacer 
(ITS) region. Sequencing used universal primers 
ITS1 (TCCGTAGGTGAACCTGCGG) and ITS4 
(TCCTCCGCTTATTGATATGC). Two pairs of 
primers (forward and reverse) were synthesized 
by BIONEER Co. (Korea) for targeting the fungus. 
Polymerase chain reaction (PCR) reaction used a 
25 µL reaction volume and described in Table-1. The 
amplification program is specified in Table-2.

All PCR products were analyzed using 2% aga-
rose gel electrophoresis (Biometra, Germany), with 
0.2 µL ethidium bromide in TBE buffer. DNA bands 
were visualized with a UV transilluminator.
Histological examination

Different infected tissues included gill affected 
by sloughing and necrotic appearance and muscle 
with ulceration. The selected tissues were separated 
and fixed in 10% neutral buffered formalin for 48-72 
h. Samples were then embedded in paraffin, and 5 µm 
tissue sections were cut using a microtome. The tissue 
sections were then fixed on slides and stained with 
hematoxylin and eosin stain [20-22].

Table-1: Final polymerase chain reaction volume 
composition (total volume of 25 µL).

Content Amount (µL)

Forward primer (10 picomol/µL) 1 
Reverse primer (10 picomol/µL) 1
Template DNA 250 ng/µL 5
DDW 6.5
MgCl2 1.5 
Mstermix 2.5× 10
Total volume 25 

Figure-1: Cyprinus carpio infected with Saprolegnia, the 
diseased fish exhibit the characteristic manifestation of 
water fungus infection. The arrow is pointed to cottony 
wool-like lesions on fish skin.
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Results
Saprolegniosis disease symptoms and colonies 
morphology

The infected common carp showed loss of appe-
tite and a white to gray cotton-like growth cover on 
fish skin, fins, and gills (Figure-1). Cultured fungus 
on SDA plates showed characteristic morphology and 
proper growth of Saprolegnia. Colonies start to be 
observed within 4 days of incubation. These colonies 
are circular with a cottony appearance, white in color, 
with long hairs (Figure-2). This evidential characteris-
tic of diseased common carp and colony morphology 
indicated Saprolegnia infection.
Microscopic examination

The microscopic examination revealed branched 
non-septate, transparent masses varying in length and 
width. Hyphae of Saprolegnia isolates stained with 
lactophenol cotton blue stain (Figure-3).
PCR analysis

The extracted DNA was amplified to identify 
Saprolegnia spp. molecularly using universal primers. 
The amplification PCR products showed the target 
identified 540 bp DNA fragment (Figure-4), which 
indicates the fungal Saprolegnia. All 50 samples were 
analyzed and present positive results.
Histological examination

Gills
The infected gills showed sloughing of primary 

gill filaments, severe hemorrhage with edema, and infil-
tration of inflammatory cells (Figure-5). This infected 
tissue showed other histopathological changes, such 
as hyperplasia of epithelial cells, infusion of second-
ary gill filaments and partial occlusion interlamellar 
space (Figure-6). Besides, the hypertrophy of mucus, 
chloride, and pillar cells combined  with hemorrhage, 
edema, and lifting epithelial cells (Figure-7).

Muscles
Microscopic examination of infected muscle 

exhibited myofibril degeneration and necrosis with 
edema. Penetrating fungal hyphae into the muscle 
layer was also observed (Figure-8) in addition to mod-
erate infiltration of inflammatory cells with severe fun-
gal hyphae penetration into muscle fibers (Figure-9).
Discussion

The fish industry in Iraq has grown consid-
erably  [23]. About 1,074,000 hectares of water 

resources, including revisers, lakes, reservoirs, and 
other resources, are involved in fish production [24]. 
The spread of fish disease is increasing challenges and 
economic losses, particularly for increasing fish mor-
tality [25,26].

This research identifies the oomycete fungus, 
Saprolegnia, in isolates from common carp C. carpio 
from floating cages in Wana/Mosul, Iraq. Classical 
and molecular-based analyses were applied, supported 

Table-2: Polymerase chain reaction setting program of amplification.

Number of cycles Adjusted temperature (°C) Time Discretion 

1 95 5 min Initial DNA denaturation
30 95 20 s DNA denaturation

57 30 s Primer annealing
72 30 s Primer extension

1 72 5 min Final extension
1 4 Hold Cooling 

Figure-2: Macroscopic morphology of isolated Saprolegnia 
spp., the macroscopic appetence, and characteristics 
of isolated fugues, the positive Saprolegnia spp. colony 
(Sabouraud’s dextrose agar) after 14 days of incubation at 
25°C. The colony appeared as a circular cottony with long 
hairs and white.

Figure-3: The microscopic characterization of isolated 
fungus. The microscopic inspection of the isolated fungus 
showed the branched non-septate hyphae of Saprolegnia 
isolate, together with masses (different in length and 
width), transparent and has a cell membrane stained with 
lactophenol cotton blue stain. These images were obtained 
using a 40× objective lens.
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by histopathology. Samples were collected from fish 
infected with Saprolegnia spp. which were identified 
based on symptoms, physiological characteristics, 
molecular analysis, and histopathological changes.

The oomycetes fungus, Saprolegnia, is perva-
sive in freshwater, and it is the significant cause of 
freshwater fungal infection of fish and eggs [27] and 
is the main cause of saprolegniasis [28]. This dis-
ease causes high fish mortality, particularly in win-
ter [29]. Infected C. carpioshow characteristic cot-
ton-like growth on skin, gills, and fins (Figure-1). 
Saprolegnia infects and penetrates the fish epidermis. 
The infection begins on fins or heads and spreads to 
other parts of fish bodies [30,31]. The fungus was 
isolated using SDA medium. Different media have 
been used to separate this fungus, including MEA, 

Figure-4: The polymerase chain reaction (PCR) 
amplification products of TSI on 2% agarose gel. The TSI 
was amplified from extracted DNA using the condition 
described in materials and methods. Four microliters of 
PCR amplification product were mixed with 1 μL of loading 
buffer for DNA electrophoresis, and then, the mixture was 
loaded for each well of 2% agarose gel. The DNA size was 
indicated using the DNA ladder. M: Marker (100-1000 bp). 
1-5: Sample numbers that showed positive at 540 bp. +ve: 
Positive control, positive and -ve: Negative control.

Figure-6: Gills of Cyprinus carpio infected with Saprolegnia 
exhibit partial occlusion of interlamellar spaces (red row), 
hyperplasia of epithelial gill filament (red dot row) with 
edema (black star), and infusion of secondary gill filament 
(black row). H&E, 1×40.

Figure-5: Gills of Cyprinus carpio infected with Saprolegnia 
exhibit sloughing of a pix of primary gill filament (red row), 
severe hemorrhage (red dot row) with edema (black star), 
and infiltration of inflammatory cells (white row). H&E.

Figure-8: Muscles of Cyprinus carpio infected with 
Saprolegnia exhibit necrosis of muscle fiber (red row), 
edema (black row) with penetrating fungal hyphae were 
observed in muscle fiber (red dot row) H&E, 1×40.

Figure-7: Gills of Cyprinus carpio infected with Saprolegnia 
exhibit hypertrophy of mucus cells, chloride cells, and 
pillar cells with edema (black star) and lifting epithelial 
cells (black row), hemorrhage (red row) with infiltration of 
inflammatory cells (red dot row) H&E, 1×40.
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PDA, and SDA, with varying growth rates and areal 
mycelium formation [32]. Culture characteristics sup-
ported by PCR effectively confirmed Saprolegnia 
infection [33]; non-coding ITS regions ITS1 of rDNA 
are widely accepted genetic markers because of their 
relatively high sequence variability and the availabil-
ity of primers for amplification of fungal sequences. 
These ITS regions are located between two coding 
regions, the 18S and 28S genes. Molecular analysis 
of these regions was adopted to confirm Saprolegnia 
isolates [34,35].

Histopathological changes in gills of infected 
fishes showed sloughing of primary gill filaments, 
combined with edema and severe hemorrhage with 
signs of inflammation. These histopathological 
changes are often reported [36-38]. Examination 
of infected muscle tissue showed degeneration 
and necrosis of myofibrils. Such pathology is also 
reported previous investigation of Saprolegnia infec-
tion [17,39,40]. Lesions caused by oomycetes disease 
include loss of integument integrity, degeneration of 
infected muscles, and edema. Deep penetration into 
muscle fiber is observed in severe infections with 
focal cellular necrosis [39]. Intracellular epidermal 
edema and epidermal sloughing enhance basement 
membrane penetration by the fungal hyphae [41]. 
Penetration of fungal hyphae to the muscle layer was 
also observed. Such damage is also reported previ-
ously in Saprolegnia infection [17,39,41,42].
Conclusion

We conclude that Saprolegnia spp. was isolated 
and confirmed molecularly in isolates from infected 
common carp in floating cages in Wana district, 
Mosul, Iraq. The histopathological lesions in infected 
fish gills and muscles support this evidence. Further 
investigation is needed to define the environmental 
distribution of infected fungal-like pathogens and 
other related mycotic pathogens in fish farms in Iraq, 

thus facilitating the design of mycotic infection con-
trol program to reduce or eliminate economic losses.
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