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Abstract A study was undertaken to investigate the
prevalence rate, site preference and extent of damage
caused by myxosporidian parasites in Punjab, India. During
the 6 months study, 600 carp fingerlings belonging to 4
genera i.e. Labeo rohita Hamilton, Cirrhinus mrigala
Hamilton, Catla catla Thail and Carassius carassius were
randomly collected from the polyculture nursery ponds
located in different villages District Fatehgarh Sahib,
Punjab. Organs such as fins, scales, gills, intestine, kidney,
and eye-ball were examined for the presence of myxozoan
parasites. In this study, gills of 321 (53.50%) were found to
be infected with as many as 10 species of myxosporean
parasites belonging to the genus Myxobolus. Gills were
examined for the presence of plasmodia and infected
organs were processed for histology. The gill plasmodial
index (GPI) was counted for all the 10 species and this
revealed a mild to severe infection was recorded. M. kno-
bii, M. majraiensis, M. markiwi, M. naini, M. rocatlae, M.
vascularis and M. venkateshi formed intralamellar vascular
type of plasmodia (LV,), M. nanokiensis formed (LV3) and
M. potularis and M. slendrii formed intrafilamental type of
plasmodium (FV,). Out of 231 infected fishes, mixed
infection was recorded in 44 fishes (13.70%), which
exhibited biparasitism and polyparasitism. No infection

was recorded in exotic carp ie. C. carassius.

Ishtiyaqg Ahmad and Harpreet Kaur have contributed equally to this
work.

< Harpreet Kaur
harpreetbimbra@gmail.com

Department of Zoology and Environmental Sciences, Punjabi
University, Patiala 147002, India

Department of Zoology, Panjab University, Chandigarh
160014, India

Physicochemical parameters of water were also recorded
for the period of 6 months comprising 4 months of winter
and 2 months of spring. The present study indicated that
the prevalence of myxozoan parasite was 43% in Novem-
ber (24.0 °C) and increased to 54% with the decrease in
temperature (22.65 °C).
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Water parameters - GPI - Histology - Punjab

Introduction

Parasitic diseases are the major limiting factors in aqua-
culture in India because fish are usually polycultured in
high density in a restricted water body, where fish patho-
gens can easily be transmitted amongst fish. Due to rich
blood supply and a site of gaseous exchange, gills are prone
to be more infected (Martins et al. 1997). Myxosporeans
are common parasites of fish in aquaculture and include an
extraordinary large number of species (Kaur and Singh
2012b). Myxozoan parasites can be located in almost every
organ of the fish host, however, the gills are most com-
monly infested where they may cause mild or severe
serious structural changes depending on the intensity of
infection. The genus Myxobolus, which is the best studied
genus of Myxosporea, contains more than 2700 species
(Lom and Dykova 2006). Myxozoans are present in both
natural and fish farming environments and may have
obvious clinical signs when there is a host, parasite and
environmental imbalance (Lom and Noble 1984). These
parasites are common in juvenile carps in nursery ponds
and the high mortality rates caused by their infections in
the gills have raised serious concern among fish farmers.
There are alarming economical losses due to Myxobolus
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spp. infestation of the major carp in the nursery ponds as
reported by Sanaullah and Ahmed (1980), Kaur and Katoch
(2016), Kaur and Ahmad (2016) and Ahmad and Kaur
(2017). The present study was therefore undertaken to
investigate the prevalence rate, site preference and extent
of damage caused by myxosporidian parasites in Punjab,
India. In addition, the physiochemical parameters of water
were also recorded during the study period i.e. temperature,
pH, DO, TDS and conductivity, during the winter and
spring periods.

Materials and methods

The present study was conducted during 6 months
(November 2014-April 2015), during which different
species of fingerlings, such as Labeo rohita (Ham.) vern.
rohu, Catla catla (Ham.) vern. thail, Cirrhinus mrigala
(Ham.) vern. mrigal and Carassius carassius Linneaus
vern. crucian carp were randomly collected fortnightly
from polycultured nursery ponds located in the village
Fagan Majra, District Fatehgarh Sahib, Punjab. 50 speci-
mens of fingerlings were collected randomly during each
sampling and out of four species, the specimens of C.
mrigala and L. rohita were more in number (285) and (195)
respectively and were available all the time, however other
two species, C. catla and C. carassius were less available
and only 60 number of specimens each were collected.
Various organs such as gills, fin, scales, gall-bladder, gut,
skin, kidney etc. were examined for the presence of myx-
ozoan parasites. The infection was recorded in the form of
minute to large-sized plasmodia located on or within the
gills. Each plasmodia was measured and carefully picked
with fine forceps under stereozoom binocular microscope
and were teased on a clean slide, following this the smear
was observed under the compound microscope for the
presence of myxospores. Myxospores were treated with 8%
KOH to evert the polar filaments. Permanent slides were
made by fixing in Bouin’s fixative and stained with Ziehl—
Neelsen and Iron haematoxylin. Fresh preparation myx-
ospores were photographed under phase contrast micro-
scope (Image Processing Unit Magnus MLX Model No.
12G961) and stained preparations with Leica photographic
unit at Sophisticated Instrumentation Center, Punjabi
University (Patiala). The myxosporean parasites were
identified up to species level with the help of the genus
Myxobolus Butschli (1882) provided by Eiras et al.
(2005, 2014). Another key to the species of myxosporeans
infecting freshwater fishes in Africa was proposed by
Fomena and Bouix (1997) and a handbook on the myx-
osporeans of Indian fishes given by Kalavati and Nandi
(2007) was followed for identification at the species level
and also with the help of research papers reporting species
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regionally and globally. A Russian compilation by Bauer
(1984) was also referred for earlier descriptions. At generic
level, identification of the myxospores was done with the
help of the key given by Lom and Dykova (1991) and
revised key given by Kaur and Singh (2012a, b). For
histopathological studies infected organs were fixed in
Bouin’s fixative, dehydrated in ascending grades of etha-
nol, cleared in xylene, embedded in paraffin wax, sectioned
at 8—10 um and stained with Luna’s method (Luna 1968).
The gill plasmodial index (GPI) was calculated on the basis
of number of plasmodia present per gill (one side) visible
under the stereozoom binocular microscope as per Kaur
and Attri (2015). 0-0 (no infection); 1-5 (light infection-1);
5-10 (moderate infection-2); 10-20 (heavy infection-3);
20-50 (severe infection-4). For calculations of prevalence
the following formula was applied.

Number of infected fish
P 1 %) = x 100
revatence ( 0) Total number of fish examined

The location of myxosporean plasmodia in various
tissues of the gills was determined with the help of
histological sections stained with Luna’s method and were
categorized into types according to the guidelines of
Molnar (2002a). According to tissue location 2 types of
intralamellar-vascular type (LV: LV, and LV;) and one
intrafilamental-vascular (FV: FV,) plasmodia were
recorded.

Intralamellar-vascular type (LV)

LV, Plasmodium located centrally in the gill lamella
LV; Large plasmodium deforming several gill lamellae
Intrafilamental-vascular type (FV,) Large plasmodia
formed by the fusion of several plasmodia near the end of
the gill filament (FV,)
Plasmodia according to size Type of Plasmodia were
categorized into three types

e Type A Plasmodia visible under binocular microscope
(size range = 40-200 um)

e Type B Plasmodia visible under stereozoom micro-
scope (size range = 0.2-0.9 mm)

e Type C Plasmodia visible with naked eye (size
range = 0.9-3.0 mm)

e Type D Plasmodia of
(range = 3.0-10 mm)

very large  size

To study the water quality parameters, sampling was
done for 6 months from November 2014 to March 2015 at
fortnightly interval from nursery ponds located at Fagan
Majra, District Fatehgarh Sahib, Punjab. Water samples
were collected from the surface up to the depth of 15 cm.
Various water parameters were analyzed such as water
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temperature, pH, conductivity, TDS and dissolved oxygen
(DO). All the parameters were recorded on the spot with
the help of portable water testing kit.

Results

During this study, as many as 12 collection tours were
made to the collection sites. A total of 600 carp fingerlings
belonging to 4 genera i.e. L. rohita Hamilton (285), C.
mrigala Hamilton (195), C. catla Thail (60) and C.
carassius Linnaeus (60) were collected and examined.
Although all the organs were thoroughly examined how-
ever, only gills were found infected and no infection was
detected in fins, skin, scales, kidney, gall-bladder, gut etc.
The total infection rate was 53.50% with highest in L.
rohita (63.58%) followed by C. mrigala (58.94%), C. catla
(48.33%) and exotic carp C. carassius free from any
infection. In total, 10 species of myxosporean parasites
belonging to the genus Myxobolus i.e. M. knobii Kaur and
Ahmad (2017); M. majraiensis Kaur and Ahmad (2017);
M. markiwi Kaur and Ahmad (2016); M. naini Kaur and
Singh (2008); M. nanokiensis Kaur et al. (2015); M.

potularis Madhavan et al. (2013); M. rocatlae Basu and
Haldar (2002); M. slendrii Kaur and Singh (2010); M.
vascularis Ahmad and Kaur (2017) and M. venkateshi
Seenappa and Manohar (1981) have been collected and
identified on the basis of myxospore morphology and
morphometrics (Table 1; Fig. 3). The mean age of the
fingerlings ranged from 2 to 3 months and mean length
ranged from 2 to 4.5 cm (Table 2). C. mrigala showed
susceptibility with as many as 5 species (M. knobii, M.
nanokiensis, M. rocatlae, M. vascularis and M. venkateshi),
L. rohita with 4 species (M. markiwi, M. naini, M. potularis
and M. slendrii) and only one species (M. majraiensis) was
recorded in C. catla (Table 3).

The size, shape and color of plasmodia varied from
species to species. The plasmodia of M. potularis ranged
from 3 to 10 mm in diameter attached to the gill filament,
creamish, elongated in shape and were extraordinarily large
and gave abscessed appearance to the gills of the finger-
lings (Type D) (Fig. 1a) while as plasmodia of M. rocatle
ranged from 0.1 to 0.2 mm in diameter attached to the gill
lamellae, microscopic, round to oval, white, visible under
binocular microscope (Type A) (Fig. 1b).

Table 1 Different morphological characteristics of all the 10 species of Myxobolus

Species Host Infected site LS WS LPC WPC  No. of filament coils
Myxobolus knobii (Kaur and Ahmad, 2017) Cirrhinus mrigala  Gill lamellae 5.83  4.29 1.95 1.70 3-4
M. majraiensis (Kaur and Ahmad, 2017) Catla catla Gill lamellae 8.58 5.27 347 1.80 5-6
M. markiwi (Kaur and Ahmad, 2016) Labeo rohita Gill lamellae 6.54 5.35 1.87 0.86 4-5
M. naini (Kaur and Singh, 2008) Labeo rohita Gill lamellae  13.73  9.05 5.66 3.36 6-7
M. nanokiensis (Kaur et al. 2015) Cirrhinus mrigala  Gill lamellae 991 4.61 579 1.76 6-7
M. potularis (Madhavan et al. 2013) Labeo rohita Gill filament 7.83 479 4.00 1.23 7-9
M. rocatlae (Basu and Haldar, 2002) Cirrhinus mrigala  Gill lamellae  15.62 5.10 10.00 1.30 9-10
M. slendrii (Kaur and Singh, 2010) Labeo rohita Gill filament  12.02 343 6.59 0.97 8-9
M. vascularis (Ahmad and Kaur, 2017) Cirrhinus mrigala  Gill lamellae  10.73  4.88 6.51 1.80 8-9
M. venkateshi (Seenappa and Manohar, 1981)  Cirrhinus mrigala  Gill lamellae 841 559 477 2.04 5-6

Table 2 Myxozoan parasitism in the gills of aquacultured fingerlings from nursery ponds in Punjab, India

Host examined Fish age (mo) Fish length (cm) No. of fish Prevalence
Examined Infected (%)

Cirrhinus mrigala 2-2.5 2-3.5 285 168 58.94

vern. mrigal

Labeo rohita 2-3 2-4 195 124 63.58

vern. rohu

Catla catla 2-3 2-4.5 60 29 48.33

vern. thail

Carassius carassius 2-2.8 3 60 0 0

vern. crucian carp

Total 600 321 53.50
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Table 3 Prevalence, nature of parasitism and gill plasmodial index (GPI) in cultured fingerlings in District Fatehgarh Sahib, Punjab

Parasite species Host Locality Location  Examined Infected Prevalence  GPI
fishes fishes (%)
M. knobii n. sp. (Ahmad and Kaur, Cirrhinus Fagan Majra Pond, Gill 60 32 53.33 3
2017) mrigala Punjab lamellae
M. majraiensis (Kaur and Ahmad, Catla catla Fagan Majra Pond, Gill 60 29 48.33 3
2017) Punjab lamellae
M. markiwi (Kaur and Ahmad, 2016) Labeo rohita Fagan Majra Pond, Gill 52 29 57.76 1
Punjab lamellae
M. naini (Kaur and Singh, 2008) L. rohita Fagan Majra Pond, Gill 45 23 51.11 1
Punjab lamellae
M. nanokiensis (Kaur et al., 2015) C. mrigala Fagan Majra Pond, Gill 46 28 60.86 1
Punjab lamellae
M. potularis (Madhavan et al., 2013) L. rohita Fagan Majra Pond, Gill 44 40 90.90 4
Punjab filament
M. rocatlae (Basu and Haldar, 2002)  C. mrigala Fagan Majra Pond, Gill 62 33 54.83 1
Punjab lamellae
M. slendrii (Kaur and Singh, 2010) L. rohita Fagan Majra Pond, Gill 54 32 59.25 1
Punjab filament
M. vascularis (Ahmad and Kaur, 2017) C. mrigala Fagan Majra Pond, Gill 59 37 62.71 3
Punjab lamellae
M. venkateshi (Seenappa and Manohar, C. mrigala Fagan Majra Pond, Gill 58 37 63.79 2
1981) Punjab lamellae
_ Carassius Fagan Majra Pond, _ 60 0 0 _
carassius Punjab
Total 600 321 53.50

Fig. 1 a Zoomed view of fresh gills of Labeo rohita heavily infected
with myxozoan plasmodia Myxobolus potularis. b Gills of Cirrhinus
mrigala infected small sized plasmodia of M. rocatlae
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In the present study, myxozoan infection were recorded
mostly in the gill lamellae located centrally within single
gill lamella (LV;) or by the fusion of several gill lamella
(LV3), causing hypertrophy and hyperplasia of lamellar
cells. M. nanokiensis formed intralamellar vascular type of
plasmodia (LV3) resulting in hyperplasia, hypertrophy,
necrosis and destruction of cellular elements; M. rocatlae
and M. vascularis formed intralamellar vascular type of
plasmodia (LV,) results in hypertrophy, hyperplasia, lifting
of epithelial cells and necrosis. The plasmodia of M.
potularis and M. slendrii forming intrafilamental vascular
type (FV,) type of plasmodia resulted in extensive hyper-
plasia, necrosis, and the total destruction of epithelial and
vascular supply which may result in the suffocation of the
fingerlings due to lack of oxygen and can ultimately lead to
the death of the fish. Generally, both LV and FV type of
plasmodia caused severe damage leads to vacuolization of
the stratified epithelium and vascular endothelium of the
filament as well as lamellae (Table 4; Fig. 2a—f).

The present study indicated high prevalence of myxo-
zoan parasites during the study period of winter months. M.
potularis was found most prevalent with (90.90%) fol-
lowed by M. venkateshi (63.79%), M. vascularis (62.71%),
M. nanokiensis (60.86%), M. slendrii (59.25%), M. mar-
kiwi (55.76%), and low prevalence was recorded for M.
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Table 4 Parasite, host, clinical signs, visibility categories (vis. cat.),
location, type of plasmodium and lesions caused by myxozoan
parasites in the gills of aquaculture fingerlings from Punjab. Visibility
category A: not visible under stereozoom B: visible under stereozoom
C: visible with the naked eye. D: Very large type of plasmodia visible
with the naked eye. Plasmodium type (per tissue location): LV;:

intralamellar vascular plasmodium located centrally in the gill
lamella; LV;: Large plasmodium by the fusion of several gill
lamellae; FV,: large plasmodia formed by the fusion of several
plasmodia near the end of the gill filament (Vis. Cat. See Materials
and Methods)

Parasite species Host (s) Clinical signs Vis.  Location Type Lesions
Cat.

Myxobolus knobii (Kaur and  Cirrhinus ~ Mucous laden gills A Gill LV, Hypertrophy of lamellar cells
Ahmad, 2017) mrigala lamellae

M. majraiensis (Kaur and Catla catla Mucous laden gills, pale A Gill LV, Hypertrophy and fusion of adjacent
Ahmad, 2017) lamellae lamellae

M. markiwi (Kaur and Ahmad, Labeo Pale gills A Gill LV, Hypertrophy of lamellar cells
2016) rohita lamellae

M. naini (Kaur and Singh, L. rohita Mucous laden gills, pale A Gill LV, Hypertrophy of lamellar cells
2008) lamellae

M. nanokiensis (Kaur et al., C. mrigala  Mucous laden gills A Gill LV; Hypertrophy, hyperplasia and distortion
2015) lamellae of adjacent lamellae

M. potularis (Madhavan et al., L. rohita Gills full of abcesses, D Gill FV, Necrosis and hypertrophy of the gills
2013) mucous laden filament

M. rocatlae (Basu and Haldar, C. mrigala Mucous laden and pale A Gill LV, Hypertrophy and hyperplasia of cellular
2002) hemorrhagic gills lamellae elements

M. slendrii (Kaur and Singh, L. rohita Mucous laden gills A Gill FV, Vascular hypertrophy
2010) filament

M. vascularis (Ahmad and C. mrigala  Mucous laden gills C Gill LV, Hypertrophy of gill lamellae
Kaur, 2017) lamellae

M. venkateshi (Seenappa and C. mrigala Mucous laden and pale A Gill LV; Hypertrophy of cellular elements
Manohar, 1981) hemorrhagic gills lamellae

majraiensis (48.33%), M. naini (51.11%), M. knobii
(53.33%) and M. rocatlae (54.83%) (Fig. 3a—j; Table 3).

In this study, out of 321 infected fishes examined, mixed
infection was recorded in 46 fishes (14.33%). The most
common combination is M. naini + M. slendrii (63.04%)
in L. rohita followed by M. naini + M. slendrii + M.
knobii + M. venkateshi (39.95%) in C. mrigala (Table 5).

During the entire sampling period, age and length of the
fingerlings was recorded. The age of the fingerlings was
recorded as 2-3 months and length ranged from 2 to
4.5 cm. The study clearly indicated moderate to severe
infection in fingerlings as indicated by the gill plasmodial
index (GPI). Gill plasmodial index (GPI) was recorded for
all the 10 myxobolid species and ranged from 0O to 4.
Maximum number of plasmodia were recorded in L. rohita
infected with M. potularis with GPI of 4 indicating severe
infection followed by M. majraiensis infecting Catla catla,
M. knobii infecting C. mrigala and M. vascularis infecting
C. mrigala with GPI of 3 indicating heavy infection. GPI 2
was recorded in M. venkateshi indicated moderate infection
and for M. slendrii, M. rocatlae, M. nanokiensis, M. naini,
and M. markiwi indicated light infection i.e. (GPI 1)
(Table 3).

In addition, at the time of collection, the physico-
chemical parameters of water were also recorded for the

period of 6 months (Nov. 2014—Apr. 2015), comprising of
4 months of winter and 2 months of spring seasons. The
present study indicated that the prevalence of myxozoan
parasite was 43% in November (24.0 °C) and increased to
54% with the decrease in temperature (22.65 °C). Further,
with decrease in temperature in January (14.35 °C) and
February (18.1 °C), the infection rate was observed as 51%
to 56% respectively, and in March the infection rate
decreases (36%) through April (30%), with the increase in
temperature (24.6 °C)—(24.5%). The pH level showed
slight variation during the entire sampling period and
ranged 7.71-8.46. Alkaline pH 8.46 was recorded in the
month of January with maximum rate of infection (56%).
In January, the minimum value of DO 8.3 was recorded
with highest rate of myxozoan infection. An increase in the
rate of DO from 9.05, 10.8 and 11.2 was recorded in
February, March and April months respectively, indicating
thereby that with the increase in DO, there was decrease in
the percentage of myxozoan infection in aquaculture fin-
gerlings of the nursery pond under study. The conductivity
(1.47 Ms) and TDS (915 mg/l) was recorded in the month
of January exhibiting highest rate of myxozoan infection
(Table 6).
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Fig. 2 a, b Sagittal sections of infected gills of M. rocatlae and M.
slendrii showing LV and FV, type of plasmodia and histopatholog-
ical effects. LVy: Intralamellar vascular; N: necrosis; HT: hypertro-
phy; FV,: Intrafilamental vascular; HP: hyperplasia. ¢, d Sagittal
sections of infected gills of M. vascularis n. sp. and M. rocatlae
showing both LV, type of plasmodia and histopathological effects:
LV,: Intralamellar vascular; HT: hypertrophy; HP: hyperplasia; N:

@ Springer

necrosis; LEC: lifting of epithelial cells. e, f Sagittal sections of
infected gills of M. potularis and M. nanokiensis showing FV, and
LV; type of plasmodia respectively and histopathological effects:
FV,: Intrafilamental vascular; LVj: Intralamellar vascular; HT:
hypertrophy; N: necrosis; DCE; degeneration of cellular elements
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Fig. 3 Fresh myxospores of all the 10 species (Scale bar = 20 um). a: Myxobolus knobii b: M. majraiensis c: M. markiwi d: M. naini e: M.
nanokiensis. £: M. potularis g: M. rocatlae h: M. slendrii i: M. vascularis j: M. venkateshi
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Table 5 Occurrence of mixed infections of myxozoan parasites in the gills of cultured fingerlings in Fagan Majra, Punjab

No. of mixed infected Percentage of mixed
fishes infection (%)

Parasites involved in mixed infection

Percentage of parasites involved in mixed
infection (%)

321 46 (14.33%)

Myxobolus naini + M. slendrii
Myxobolus naini + M. slendrii + M.

29 (63.04%)
17 (36.95%)

knobii + M. venkateshi

Table 6 Physico-chemical analysis of water in nursery ponds located in the Village Fagan Majra, Punjab

Month Water temp. pH Dissolved oxygen (DO) mg/dm® Conductivity TDS Myxozoan prevalence (%)
November 234 °C 7.44 8.2 1.28 910 43
24.6 °C 7.98 9.2 1.26 880
(24.0) (7.71) (8.7) (1.27) (895)
December 26.1 °C 7.24 8.4 1.35 870 54
19.2 °C 8.58 9.3 1.29 840
(22.65) (7.91) (8.85) (1.32) (855)
January 12.4 °C 8.29 5.7 1.46 910 56
16.3 °C 8.64 10.9 1.48 920
(14.35) (8.46) (8.3) (1.47) (915)
February 17.4 °C 7.74 9.5 1.37 950 51
18.8 °C 8.82 8.6 1.41 830
(18.1) (8.28) (9.05) (1.30) (890)
March 258 °C 8.11 10.02 1.28 910 36
234 °C 8.33 11.4 1.39 890
(24.6) (8.22) (10.8) (1.33) (900)
April 24.0 °C 8.18 10.8 1.34 900 30
25.0 °C 8.21 11.6 1.36 870
(24.5) (8.19) (11.2) (1.35) (885)
Discussion (60.86%), M. slendrii (59.25%), M. markiwi (55.76%), M.

In the present study, prevalence rate of myxozoans was
recorded to be 53.50% in the cultured fingerlings of Indian
major carps in Punjab. Recently, Kaur and Katoch (2016)
reported 28.6% of myxozoan infection in fully growing
cultured carps. In wild carp species, 36% prevalence rate
was recorded by Kaur and Singh (2012a, b). The infection
rate was highest in Labeo rohita (63.58%) followed by C.
mrigala (58.94%) and C. catla (48.33%). Kalavati and
Nandi (2007) also recorded L. rohita as most susceptible to
the myxozoan parasites followed by C. mrigala and C.
catla. They also found a high parasite virulence in C. catla,
with mortality up-to 80-90%. Kaur and Singh (2012a, b)
also recorded the C. catla as the most susceptible to
myxozoans followed by C. mrigala and L. rohita in wet-
lands of Punjab. Kaur and Katoch (2016) also recorded a
highest parasitic infection in L. rohita (40.48%) than other
carp fishes. During the study, M. potularis was found most
prevalent with (90.90%) followed by M. venkateshi
(63.79%), M. vascularis (62.71%), M. nanokiensis
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rocatlae (54.83%), M. knobii (53.33%), M. naini (51.11%)
and M. majraiensis (48.33%). Kaur and Singh (2012a, b)
also recorded 64% prevalence for M. naini, 63% for M.
patialensis and 23% for M. slendrii. Kaur and Katoch
(2016) also described highest prevalence in M. potularis
(62%) followed by M. nanokiensis (43.75%), M. longis-
porous (40%), Thelohanellus bifurcata (40%), T. dykovae
(38.57%) and M. venkateshi (31.25%). In the present study,
only gills were found infected. According to Chandra
(1987), the gills of fish have rich blood supply and an
important media for infectious agents, hence they serve as
rich site of disease production. Longshaw et al. (2005) and
Kaur and Singh (2012a, b) also recorded that the majority
of infection with Myxobolus species was in the gills. In
many states of India, Kalavati and Nandi (2007) observed
gill myxoboliasis as the most widely spread disease among
aquaculture carps and reported severe mortality due to
myxozoan parasites during November and December 2000
in Andhra Pradesh. According to Molnar (2002b) and
Eszterbauer et al. (2013) most of myxozoan species



J Parasit Dis (Oct-Dec 2018) 42(4):559-569

567

infected gills and this probably was because of the easy
release of the spores for transmission of the parasite to the
new host.

In the present study, a mixed infection was recorded
only in L. rohita and C. mrigala, with the combination of
M. naini + M. slendrii (63.04%) followed by M. naini +
M. slendrii + M. knobii + M. venkateshi (36.95%)
respectively. Holzer et al. (2005) also detected 3 myxozoan
species i.e. Sphaerospora truttae, Chloromyxon schorovi
and Tetracapsuloids bryosalmonae in the renal tubules as
mixed infection. Recently, Kaur and Katoch (2016)
observed mixed infections of myxozoan parasites in the
gills of aquacultured cyprinids from Punjab as biparasitism,
triparasitism and polyparasitism. In this study, the gill
plasmodial index (GPI) was higher in M. potularis (4)
indicating a severe infection. Fish fingerlings become more
susceptible to myxozoan infection because of their imma-
ture immune system as discussed by Anderson (1974).
According to Schmidt-Posthaus et al. (2013) brown trout
fish infected with T. bryosalmonae older than 1 year have
been characterized to have low prevalence of infection and
less pathology in comparison to young brown trout. Sitja-
Bobadilla and Alvarez-Pellitero (1993) have recorded host
age-dependent differences in myxozoan prevalence and
linked it to the host maturation. Haaparanta et al. (1994)
found that gills of younger perch (Perca fluviatilis) were
more heavily infected by Henneguya creplini in compar-
ison to adults. Kaur and Attri (2015) recorded GPI index 2
indicating moderate infection for Henneguya bicaudi
infecting C. mrigala in natural habitat. Kaur and Katoch
(2016) recorded variable myxozoan infections in cultured
fishes depending upon the species involved from light to
severe as indicated by the GPI and also detected highest
GPI score (4) in M. nanokiensis, M. longisporus, M.
potularis and M. slendrii. Physico-chemical parameters of
pond water were recorded for the period of 6 months,
comprising 4 months of winter and 2 months of spring
seasons. Nearly all the parameters were within the range of
optimal values for carp production as suggested by Ala-
baster and Lloyd (1982), Boyd (1982), Piper et al. (1982)
and Svobodova et al. (1993) (Table 7). During the study,
the water parameters were conducive to gill myxoboliasis

and water temperature, pH, DO, conductivity and TDS
were the important criteria associated with disease out-
break. Hossain et al. (2008) also reported that the parasitic
community of fish showed considerable variation with the
environmental conditions. Also Banerjee and Bandopad-
hyay (2010) observed that the water temperature, pH, and
DO are important water parameters that are related to
disease infestation as they fluctuated more rapidly. Awal
et al. (2001) and Saha et al. (2012) also affirmed the role of
water temperature and DO in inducing myxozoan infection
in carps.

The present study indicated a high prevalence of myx-
ozoan parasites during winter months. Banerjee and Ban-
dopadhyay (2010) also reported highest parasitic infection
during winter season i.e. December—February when the
water quality degrades due to decrease in the dissolved
oxygen level and temperature. Ahmad et al. (1991) also
recorded more infection in the winter season than the other
months of the year.

Plasmodia of LV, and LV; types were recorded in the
gill lamellae and FV, in the gill filaments. Recently, Kaur
and Katoch (2016) observed that majority of plasmodia
were recorded in gill lamellae. LV, type of plasmodium
cause dilation of the infected gill lamella at the base
leaving normal structure at its middle and tip initially and
when fully mature occupy whole of the gill lamella. In LV;3
type of plasmodia, the gill lamellae adjoining the infected
lamella bend towards the plasmodium in such a way that it
tends to cover it on the sides. The adjoining gill lamellae
seem to bear young plasmodia developing at their base.
The mature plasmodium ruptures at the tip releasing
myxospores which are seen to attach to the fresh gill
lamellae. Complete necrosis of cellular elements and
degeneration of gill lamellae is also observed due to the
large sized plasmodium. Kaur et al. (2014) also reported
that large-sized plasmodia damaged more than 50% of the
gills causing respiratory distress and suffocation. (Here
some lines were deleted from similar studies up to Kaur
and Katoch 2014). FV, type of plasmodia showed severe
infection damaging almost 95% of the gill filament and
also overlying gill lamellae due to the hypertrophy,
hyperplasia, vacuolization of the stratified epithelium and

Table 7 Comparison of mean values of physicochemical water parameters with the optimal range for aquaculture ponds given by Alabaster and
Lloyd (1982), Boyd (1982), Piper et al. (1982) and Svobodova et al. (1993)

Parameter Unit Optimal value Mean value (Present study)
Temperature °C 22-26 (28) 21.36

pH (H +)mol/L 6.5-8.5 8.12

Dissolved oxygen mg/l >5 9.48

Conductivity Ms - 1.34

TDS mg/l < 1000 890
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vascular endothelium of the filament. Kalavati and Nar-
asimhamurti (1985) and also Kaur and Katoch (2014)
observed that rupturing of cysts can also lead to hemor-
rhages, and may result in considerable loss of respiratory
surface.

The present study is the first record of the species
diversity and prevalence of myxozoan parasites infecting
fingerlings in nursery ponds in Punjab, India. The infection
rate was recorded to be higher in fingerlings as compared to
fish of 2-3 years of age. Therefore, it is emphasized that
the management strategies should to be focused on the
fingerling stage in hatchery ponds before their further
distribution to the farmers in the rest of the Punjab state.
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