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Gill lesions in Prespa barbel (Barbus prespensis) inhabiting a polluted area of Lake Prespa
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Abstract: The study focused on gill lesions observed in Prespa barbel individuals caught on the north littoral site of Lake
Prespa in the area of the Golema River confluence, which is under agricultural, industrial and urban pollution pressure.
Microscopic analysis revealed a series of circulatory, regressive, progressive and, to a less extent, inflammatory changes of
which the most prominent were: telangiectasia, necrosis of respiratory epithelium accompanied by collapsed secondary
lamellae, necrosis and proliferation of interlamellar and lamellar respiratory epithelium, and parasite infection. These results
indicate that the reiterated gill lesions were probably due to the double influence of the toxic effects of a polluted aquatic
environment and opportunistic infections, which indicates that the application of mitigating measures is urgently needed
in order to protect the Prespa Lake ecosystems.
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INTRODUCTION

Prespa barbel (Barbus prespensis Karaman, 1924) is
one of four endemic species found in Lake Prespa
and is considered an endangered species [1]. There
are numerous potential factors that may threaten Pre-
spa barbel, including overfishing, the introduction
of non-native species, stream and lakeshore habitat
destruction, increasing water eutrophication, etc. [1].
Lake Prespa is estimated to be under considerable ag-
ricultural, urban and industrial pollution pressure [2].
The water quality of the lake is particularly affected
by run off of agricultural chemicals, considering that
most of the near shore ground is under or chards and
other croplands. According to Grupce [3], Lake Prespa
is also suffering from a phosphorus overload of about
6.4 tons per year, which leads to the rapid eutrophi-
cation of this once oligotrophic lake. However, there
is no evidence to date concerning the exposure and
health impact of water pollution on Prespa barbel or
other fish species in the lake.

It is well known that toxicants can induce different
gill lesions in fishes [4-10]. Toxic substances in aquatic
environments can alter the chloride and mucous cells
situated in the gill epithelium [11]. Parasitic infec-
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tions can also provoke gill lesions [12]. Therefore, the
primary objective in this study was to examine the
histopathological alterations in Prespa barbel gills,
the vulnerable respiratory and ion-balance organs
highly exposed to the environment. A quantitative
histopathological analysis approach was employed in
attempt to establish to what extent the registered gill
lesions are induced by pollution-born contaminants.

MATERIALS AND METHODS
Fish sampling and tissue proceedings

Prespa barbel (n=35) individuals used in this study
were sampled by gill nets in the littoral area of the
northern part of Lake Prespa between Sirhan and Asa-
mati, near the entrance of the Golema River (Fig. 1),
during the late spring and early summer. Fish were
kept alive in plastic containers with an aeration system.
After catching, the fish were examined for external
changes and euthanized by severing the spinal cord just
behind the operculum. The left-side second branchial
arch of each fish was fixed in 10% buffered formalin
and processed, both for 5 um paraftin sections and 0.5
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um resin embedded semi-thin sections, which were
subsequently stained by hematoxylin and eosin (H&E)
and 1% toluidine blue staining, respectively.

Histopathology analysis

The registered histopathological changes were quanti-
fied by the standardized protocol according to Bernet
et al [13]. Briefly, gill lesions classified into 4 reaction
patterns (circulatory disturbance, regressive changes,
progressive changes and inflammations) were scored
(value range 1-6) depending of the degree and the ex-
tent of the alterations. Every score value was multiplied
by an importance factor reflecting the pathological sig-
nificance of the lesion. The sum of all quantified le-
sions from the same reaction pattern gave its reaction
index: I . for circulatory disturbances, I , for regressive
changes, I , for progressive changes and I, for inflam-
mations. The protocol was modified by introducing
an additional variable - the relative value of infection
index (Youdin index, YI). The severity of parasite infec-
tions and candidiasis-like infection was also scored in
the range 1-6 according to the abundance of registered
infection in the respiratory epithelium. The sum of all
reaction indexes gave the total index (I ). Particular
attention was paid to the number, distribution and
morphology of mucous and chloride cells in the gill
epithelium. Mucous and chloride cell counting was
performed on semi-thin sections and expressed as the
number of cells per interlamellar space.

Statistical analysis

The calculations of the indices were performed in Ex-
cel, and graph plotting in Statistics 6.0 for Windows.
For correlation analyses, Pearson’s correlation coef-
ficient was estimated.

RESULTS

The microscopic structure of almost all investigated
Prespa barbel individuals collected from Lake Prespa
(Fig.1) revealed the presence of some type of lesion
in all fish, with variable severity. In the range of cir-
culatory disturbances, the most remarkable findings
were the telangiectasia or aneurysms in the secondary
lamellae (Fig. 2A), which were recorded in 86% of
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Fig 1. Map of Lake Prespa with the sampling site (A).

the fish. Focal necrosis of the respiratory epithelium
associated with full destruction of the secondary la-
mellae was also a very common finding and occurred
in 71% of the fish. This change was recognized as a
mild, long-term process, leading to respiratory epi-
thelia dilatation and necrosis (Fig. 2B) in 57% of the
tish. Proliferation of interlamellar surfaces (Fig. 2C)
and the large number of chloride cells, both on the la-
mellar surface and interlamellar space, were regularly
registered in the 70% of investigated barbel gills. In
66% of the fish, necrotic changes in the chloride cells
occurred (Fig. 2D).

Several types of endo- and ectoparasites infest bar-
bel gill. The most common is Trichodina sp. (Fig. 2E)
and less often Dactylogyrus sp. that were found attached
to the gills or near the gill surface. The most domi-
nant contagion registered in the respiratory epithelium
of the studied barbel was a candidiasis-like infection
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Fig. 2. Light micrograph of Prespa barbel gill. A — Extensive telan-
giectasia. Paraffin section H&E. Scale bar=100pum. B - Enlarged
secondary lamellae which is full with erythrocytes, exhibiting
necrosis of the respiratory epithelium (arrow). Semi-thin sec-
tion, toluidine blue. Scale bar=20um. C - Fused lamellae and local
proliferation of the interlamellar epithelium (arrow). Paraftin sec-
tion; toluidine blue. Scale bar=20pm. D - Group of chloride cells
with necrotic changes (arrow): pyknotic nucleus and vacuoles in
the cytoplasm. Semi-thin section; toluidine blue. Scale bar=20um.
E - Interlamellar space with proliferating epithelia with eosinophil
granulocytes (arrows). On the epithelium surface Trichodina sp.
can be noted (stars). F - Fungal infection (arrow). Semi-thin sec-
tion; toluidine blue. Scale bar=20um.

manifesting as a frequent occurrence of budding yeast
blastocysts in the cytoplasm or intercellular spaces of
the gill epithelium and other gill structures (Fig. 2E).

Taking into consideration the abovementioned
observations, a quantitative estimation of histo-
pathological changes was made and the results are
presented in Fig 3. As can be seen, the histopatho-
logical condition expressed by the total index [13]
appeared to be under the dominant influence of re-
gressive changes with high and statistical significant
correlation (r=0.916, p<0.0001). Progressive changes,
mostly found as a proliferation of interlamellar re-
spiratory epithelia (sometimes leading to gill fusion),
evidently contributed to a smaller degree to the overall
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Fig 3. Reaction indices. I for circulatory disturbances, I , for
regressive changes, I, for progressive changes, I, for inflamma-
tions and the infection index, YI.

gill pathology. Circulatory disturbances, despite their
prominence, are in slight correlation with the total
index and just below statistical significance (r=0.328;
p=0.055). The observed inflammatory changes were
not in correlation with any other parameters and had
no statistically significant influence on the total his-
topathology index.

It is interesting to note that the observed infec-
tions are not correlated with progressive and regres-
sive histopathological changes found in Prespa barbel
gills. There is only a slight correlation with circulatory
disturbances, just below statistical significance, but
having statistical significant influence on the total
histopathological index (r=0.644; p<0.001).

Cell counting showed a prominent proliferation
of chloride cells in the investigated barbel gills with a
median value of 3.31 cells per interlamellar space. The
increased number of these cells was accompanied by
remarkable necrotic changes (Fig. 2D). Mucous cells,
on the other hand, showed no noticeable proliferation
- 0.25 cells per interlamellar space. The occurrence
of both type of cells showed no correlation with the
other gill changes.

DISCUSSION

Prespa barbel is a near-bottom-living fish that is more
closely exposed to sediments than other fish species
in the lake. The histopathology survey of the gills re-
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vealed several pathological conditions and parasitic
infection. Prespa barbel gills seem to be most severely
impacted by proliferative changes, mostly observed
as respiratory epithelial proliferation and lamellar fu-
sion. Despite their highly significant impact on gill
pathology, regressive changes are present with the least
severity. It is likely that these changes are caused by
one or more toxic contaminants present in the water,
although some contribution of associated infective
pathology cannot be completely ruled out. There are
many studies in the scientific literature providing evi-
dence of lamellar and respiratory epithelial prolifera-
tion and hyperplasia, as well as the various necrotic
changes induced by organic toxicants, including heavy
metals [4-10]. The Prespa barbel seems to be most
severely impacted by circulatory changes, described
as secondary gill lamellae telangiectasia. The toxico-
pathic etiology of this circulatory disturbance cannot
be ruled out, as many water contaminants are reported
to cause similar gill aneurysms [4,10,14], which can
also be due to infection [12].

Histopathological investigation of barbel gills
showed several parasitic and fungal infections. Para-
site infection is comparable with the severity of circu-
latory changes, which suggests that the lesions could
be infection-induced. Candidiasis-like infection was
much more prominent, and this type of infection
hasnot been described in fish yet, neither is its pa-
thology well understood. According our analyses, the
only gill lesion that may be linked to yeast infection is
the aneurism in the secondary lamellae, even though
no strongly significant evidence of it was provided
in our study. Lee et al [15-16] found a remarkable
formation of aneurismal hematomas within the gill
lamellae in Japanese eel caused by birnavirus and
herpesvirus infection in the lamellar space. A similar
mechanism may underlie the aneurysm observed in
the yeast-infected Prespa barbel gills. Yeasts are usu-
ally opportunistic pathogens, so their occurrence in
Prespa barbel gills could imply that the fish are in an
immunocompromised state. Further investigation of
the candidiasis-like infection pathology in Prespa bar-
bel, and its eventual link to the observed circulatory
disturbance in the gill are warranted.

The mass occurrence of chloride cells and fre-
quent degenerative changes in their morphology
recorded on the gills of Prespa barbel could be con-
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nected with negative environmental effects. Micro-
scopic analyses show the proliferation of chloride
cells accompanied by both cytoplasm hypertrophy
and necrosis. Chloride cells are involved in maintain-
ing the ionic and acid base balance in freshwater fish
[17]. Experimental and field exposure to acid water
was reported to result in chloride cell hyperplasia in
several freshwater fish, such as fathead minnow, yel-
low perch, pearl dace and rainbow trout [5-6,18]. The
necrotic changes in chloride cells observed in Prespa
barbel gills in this study are in accordance with similar
changes induced experimentally in fathead minnow
and yellow perch by exposure to extremely low pH
[5] or acid water + Al treatment [18]. Chloride cell
proliferation provides a compensating mechanism for
increasing net ion uptake when fish are exposed to
conditions that promote abnormally high ion losses.
In the presence of toxic metals or other toxicants, this
change is associated with chloride cell loss and higher
turnover [18-19]. This situation possibly exists with
Prespa barbel, indicating some kind of osmotic stress
exposure. The possibility of fish exposure to sediment-
eluted acidified microenvironments containing addi-
tional toxic contaminants should be explored.

Stoffet et al. [19] found that the non-ionic deter-
gent nonylphenol, a known environmental xenoestro-
gen, induces chloride cell activity and proliferation in
rainbow trout. The authors speculated that the reason
for this effect may be a nonylphenol-generated de-
mand for calcium as a result of induced synthesis of
the calcium-rich yolk protein, vitellogenin. There is a
possibility that the increased number of chloride cells
in Prespa barbel is related to xenoestrogen-induced
vitellogenesis, a process recorded in this and other fish
species found in Lake Prespa [20].

In summary, the gills of Prespa barbel collected
from a polluted area of Lake Prespa exhibited various
histopathological and cellular changes that may sig-
nify or contribute to subclinical problems with respi-
ration and ionic or acid-base balances. Quantification
of the observed gill lesions and the correlation analy-
ses outcome suggest that the effect of environmental
toxicants could be the main reason for the observed
condition. The presence of a fungal opportunistic in-
fection in the fish respiratory system indicated that
the analyzed fish may suffer some kind of immuno-
suppression. This study presents the first evidence of
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environmentally induced lesions in Prespa barbel gills,
which warrants further work on health status estima-
tion on a broader range level.
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