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Abstract The study assessed the health of Nile tilapia (Oreochromis niloticus) in the Winam Gulf in Kisumu and
Homa Bay, Kenya, using descriptive lesions and histopathological semi-quantitative tools. The condition factor and
hepatosomatic index were calculated based on the total fish weight, standard length, and liver weight. The liver, gills,
and kidneys were collected from freshly killed fish, fixed in 10% buffered formalin, and processed using standard
histopathological techniques. The overall condition factor of fish was 1.12 in Kisumu while those in Homa Bay
ranged between 1.23 to 1.32 and the differences was statistically significant (p<0.05). The mean organ indices were
higher in Kisumu (liver: 4.27, gill: 3.64 and kidney: 4.47) compared to Homa Bay’s (liver: 2.26, gill: 3.21 and
kidney: 1.98). The most prevalent histopathological lesions in the liver were increased melanomacrophages centres
aggregation (12.5%), hepatocellular fibrosis (9.7%), fatty liver degeneration (10.4%) and hepatocytic necrosis (9%).
Those in gills, were leucocytic infiltration (12.5%), gill epithelial necrosis (11.8%), telangiectasia (11.1%), and gill
lamellar fusion (11.1%). In the kidney the lesions were glomerular vacuolation and dilatation of the Bowman’s
capsule (12.5%), and vacuolation and hydropic degeneration of renal tubular epithelium (11.8%). The study
provides insight into the health status of fish in Kisumu and Homa Bay and demonstrates the histopathological
changes and semi-quantitative scores of lesions in tissues caused by exposure to pollutants, infections by pathogenic
microorganisms, and other factors that compromise the health of the fish. The findings indicate a need for
monitoring the wild fish health and water pollution levels for socio-economic development and overall ecosystem
protection in the region.
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1. Introduction

Wild fish face many infectious and non-infectious
diseases and conditions, leading to observable
macroscopic and microscopic changes in their organs. The
study determined the pathological changes of select
Oreochromis niloticus organs, and compared the lesions
to previously reported lesions in other fish, and their
probable impact on the fish health and welfare. Lake
Victoria is a freshwater lake, with a rich diversity of flora
and fauna in East Africa. Kenyan section is 6% of the total
lake surface. Oreochromis niloticus were introduced into
Lake Victoria in 1950 and 1960s to boost the declining
catches [1]. Often, a question is asked why an interest in
the health of wild fisheries such as the Oreochromis
niloticus of Lake Victoria taken? The fish species is of
socio-economic and ecological importance in the Lake

Victoria basin. Oreochromis niloticus is classified as one
of the most economically important fish that inhabit the
lake [2]. Oreochromis niloticus is a teleost in the Family
Cichlidae that has become a dominant tilapiine in Lake
Victoria and, therefore, a species of importance as a
source of dietary protein, socio-economic driver, and
creates employment to populations living around the Lake
Victoria basin [3].

The pathological changes in fish manifest at the
macroscopic and microscopic levels, and are a result of
varied aetiologies which may range from infectious causes
such as microbial and parasitic infections to non-
infectious causes such as trauma, nutritional deficiencies
and chemical pollution. Estrogenic endocrine disrupting
chemicals [4] and potentially pathogenic microbes such as
Aeromonas, Staphylococcus and Streptococcus were
recovered in Lake Victoria waters and fish (personal
communication). These alterations impact the well-being
and overall health of the fish. Therefore, histopathology
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becomes a vital tool for the assessment of aquatic
pollution and the health of fish. Pollution of the lake has
however raised ecological concerns, which also leads to
concerns on the welfare of the aquatic organism that
includes fish. There have been numerous reports of
inorganic and organic pollutants in Lake Victoria that
include pesticides, heavy metals and endocrine disrupting
chemicals in either water or fish [5]. Pathogenic microbes
have also been isolated from water and fish obtained from
the lake [6]. Both the pathogenic microbes and chemical
pollutants are a threat to the fish, and their effects on the
Oreochromis niloticus’ health are unknown. Fish have
also been proposed as environmental sentinels, and hence
used as an indicator of aquatic ecosystem health [7]. The
histopathology, biomarker of changes due to irritant
stimulus, has been used as a tool to assess the health of fish
as a result of the effects of various pollutants and infectious
organisms [8]. However, no assessment of the effect of
these stressor stimuli on the health of the fish at cellular
levels through histopathology has been attempted on
Oreochromis niloticus found in the Lake Victoria waters.

There has been increased environmental pollution in the
Lake Victoria’s catchment area, and this has arisen from
the chemical and microbial pollution from industries,
urban and peri-urban settlements, and agricultural
activities, which discharge their wastes into the lake [9].
The pollutants include a wide range of chemicals such as
PCBs, endocrine disrupting chemicals, heavy metals, and
microbial pollution. The pollutants have a varied adverse
effect on the aquatic animal in the lake, and these are a
serious threat to the overall ecosystem health [10]. To date,
there has been no other investigative study on the
occurrence of histopathological lesions in the O. niloticus
species of Lake Victoria, Kenya; especially as an indicator
of endpoint effects of pollutants’ exposure. This study,
therefore, is instrumental in mapping the histopathology
of the Oreochromis niloticus of Lake Victoria waters.

Histopathology is also crucial for the assessment of
acute and chronic exposure to chemicals in water by
demonstrating cellular alterations because of organic and
non-organic contaminants. Histopathology is a biomarker
of cellular changes induced by various stressor-inducing
stimuli in water such as pollutants or infectious agent. The
biomarkers have been instrumental in the investigation of
the effects of contaminants and microorganisms on fish
organs studied, and are reported as an efficient assessment
tool for the health of fish post-stimuli exposure [11]. The
degree of change estimated through the extent of cellular
alterations are used as biomarkers that indicate the aquatic
pollution levels [12].

The qills, liver, kidney and muscles are the tissues most
often used in ecological, toxicological and pathological
studies of teleost fish [13]. The chemical exposure and
microbial infections induce lesions in different organs.
The occurrence of particular lesions in fish organs have
been associated with pollution and therefore used to assess
water quality. Fish liver, kidney and gills are the most
used due to their metabolic and physiological functions
which increase the chemical exposure and microbial
infections [14,15]. The liver due to the metabolism and
detoxification function has a high supply of blood that

takes in toxicants to hepatocytes thus exposing them to
various effects [16]. The gills are also highly vulnerable
through continuous exposure to polluted water; ion
transport, gas exchange, acid-base regulation and waste
excretion functions [17]. The kidney role is to maintain
homeostasis by excretion of nitrogen-containing waste
products, managing the electrolyte and water and balance
body fluids [18].

The somatic indices such as hepatosomatic indices and
condition factor are used to measure the metabolic
robustness of the fish; giving the health status of fish
based on the metabolic state of the fish due to feed
availability and water quality in an aquatic system [19].

Research gaps in fish pathology and impacts of
pathogens and chemicals have been identified in the East
African water bodies [20]. The objective of this study was
to determine the prevalence of the histopathological
lesions, the condition factor, and hepatic somatic indices
of O. niloticus of Lake Victoria to measure fish health.
The results of this study are instrumental in evaluating fish
health. The monitoring of chemical pollution and
ecological studies have been carried out over the years, the
use of histopathology as a bioindicator has never been
used to access the effect of the contaminants on
Oreochromis spp in Lake Victoria.

2. Material and Methods

2.1. Description of the Study Site

Live fish were obtained from fishers in Kisumu and
Homa Bay, in the Winam Gulf of Lake Victoria, Kenya. A
total of 144 fish were collected; 109 in Kisumu and 35 in
Homa Bay Figure 1. The sampling was done in five
surveys; three surveys in Kisumu and two in Homa bay.
These fish were examined for any gross lesions on the
external surface.

The weight (in grams) was measured using a digital
balance. The total length (in centimetres) of Oreochromis
niloticus fish was then measured using a ruler to the
nearest centimetre. The total length was measured from
the snout to the tip of the caudal fin. The condition factor
(k) was calculated using the formulas as described by [21]:

K =100W / L3, where: W= Weight (g) and L=Total
Length. The hepatosomatic index (HSI) calculated as

described by [10]: HSI :%x1003, where: LW= Liver

weight (grams) and BW = Bodyweight (grams).

The fish were dissected, and any internal gross lesions
noted. Pieces of the liver, gills, and kidneys were obtained,
placed in a labelled container and fixed with 10% buffered
formalin. They were then dehydrated through graded
alcohol series (70 to 100%), cleared in xylene and
embedded in paraffin. 3 to 5 um thick paraffin sections
were cut and stained with hematoxylin-eosin (H&E). The
slides were observed under a light microscope (Amscope
Microscope T720 model, China), and photographed with
14-megapixel Amscope Aptina Digital Camera MU1400
series, China).
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Figure 1. Study area on the Winam Gulf of Lake Victoria, Kenya on the shores of the Kisumu and Homa Bay

2.2. Semi-quantitative Analysis

The histopathological lesions were further subjected to
a semi-quantitative analysis as proposed by [22], which
categorised the lesions into five reaction patterns:
regressive, circulatory, neoplastic and inflammatory. Each
reaction pattern consists of a set of lesions that have a
score value with a scale of 0 to 6, zero representing no
lesion to six representing very severe lesion. The protocol
also has an importance factor that for each lesion, that
ranges from 1 for lesions with minimum pathological
impact to 3, which represents lesion that have maximum
pathological importance in the fish. The sum of the values
for each specific reaction or organ is the index for reaction
pattern or organ index, respectively. Therefore, the would-
be an index for each of the five reaction patterns for each
organ, and a sum of all the reaction patterns for each organ
constitutes the organ index (10).

2.3. Statistical Analysis

The data was entered in Microsoft Excel (Microsoft
Corporation) and exported into Minitab® Statistical
Software for analysis for descriptive statistics. For each

parameter, differences between surveys in the Kisumu and
Homa Bay in the different seasons were tested for
significance by the analysis of variance (ANOVA) test. To
all tests, significance was assigned for P< 0.05. Each
organs’ histological reaction indices were compared using
the Kruskal-Wallis test followed by multiple comparisons
at the statistical significance of p <0.05.

2.4. Ethical Considerations

The study was approved by Biosafety, Animal use and
Ethics committee, Faculty of Veterinary Medicine,
University of Nairobi (FVM BAUEC/2015/220).

3. Results and Discussion

3.1. Condition Factor and Hepatosomatic
Index of Fish

The mean weight, total length and condition factor of O.
niloticus captured at each survey during the current study
are shown in Table 1.

Table 1. Oreochromis niloticus mean total length and weight, hepatosomatic index and condition factor

Homa Homa

Survey Bay 1 Bay 2 Kisumu 1 Kisumu 2 Kisumu 3 Overall Mean p-value
N 30 21 23 37 144
Length 33.46 +0.96 38.92+1.44 34.48+1.71 36.33+1.37 31.26 +1.17 34.51+0.62 (F (4,144) = 4.70, p = 0.001)
Weight 520.1+47.4 746.4 +89.9 581.31+91.7 79411 £935 427.3+52.8 601.8 +35.2 (F (4,144) = 4.62, p = 0.002)
HSI 1.82 £0.09 1.72+0.12 1.78 £0.09 1.70+0.10 1.67+0.12 1.74 £0.05 (F (4,144)=0.38,p=0.83)
CF 1.30+0.03 1.14 +0.02 1.24 +0.06 1.47 +0.04 1.24 +0.05 1.29 +0.02 (F (4,144) = 7.38, p = .0001)

Key: HSI-Hepatosomatic index, CF- Condition factor
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Table 2. Prevalence of histopathological lesions in the gills, livers and kidneys of Oreochromis niloticus from the Winam Gulf

Gills LCI GEN TEL GLF CON MCH ICH
KSM 1 (n=19) 10.5 10.5 15.8 26.3 53 10.5 0.0
KSM 2 (n=21) 19.1 14.3 0.0 9.5 0.0 9.5 0.0
KSM 3 (n=69) 14.5 11.6 13.0 44 10.1 7.3 8.7
HB 1 (22) 0.0 13.6 9.1 18.2 13.6 0.0 4.6
HB 2 (n=13) 15.4 7.7 15.4 15.4 7.7 7.7 0.0
Mean 12.5 11.8 11.1 11.1 8.3 6.9 4.9
Liver MMC FBS FLD HCN NCA IN/H CON LCD
KSM 1 (n=19) 0.0 10.5 53 53 15.8 53 0.0 0.0
KSM 2 (n=21) 48 0.0 9.5 9.5 0.0 14.3 9.5 0.0
KSM 3 (n=69) 15.9 14.5 14.5 11.6 7.3 5.8 29 44
HB 1 (22) 9.1 4.6 4.6 4.6 4.6 0.0 4.6 0.0
HB 2 (n=13) 15.4 7.7 7.7 7.7 7.7 0.0 0.0 0.0
Mean 12.5 9.7 10.4 9.0 6.9 5.6 3.5 2.1
Kidney GVvB VHE MMC LCI GNA ICN HMG
KSM 1 (n=19) 10.5 15.8 10.5 0.0 0.0 0.0 0.0
KSM 2 (n=21) 19.1 48 48 4.8 9.5 0.0 0.0
KSM 3 (n=69) 13.0 8.7 10.1 5.8 2.9 2.9 15
HB 1 (22) 4.6 22.7 13.6 0.0 0.0 0.0 0.0
HB 2 (n=13) 14.3 14.3 14.3 0.0 0.0 0.0 0.0
Mean 12.5 11.8 10.4 3.5 2.8 1.4 0.7

Gills: LCI=Leucocytes infiltration, GEN = Gill epithelial cell necrosis, TEL= Telangiectasia, GLF = Gill lamellar fusion, CON = Blood congestion,
MCH=Mucous cell hyperplasia, IMC =Increase of mucous cells, Liver: MMC = Melanomacrophages aggregation and other pigmentations, FBS =
Fibrosis, FLD = Fatty liver degeneration, HCN= Hepatic Cell necrosis, NCA = Nuclear alterations, IN/H= Inflammation/Hepatitis, CON = Congestion,
LCD= Liver cords disruption, Kidney: GVB = Glomerulus vacuolation and dilatation of the Bowman’s capsule, VHE= Vacuolation and hydropic
degeneration of renal tubular epithelium, MMC= Melanomacrophages aggregation and other pigmentations, LCI = Leucocytic infiltration, GNA =
Glomerulus nuclear alterations, ICN= Interstitial cell necrosis, HMG = haemorrhages

Table 3. Mean organ indices of the semi-quantitative histopathological assessment of Winam Gulf’s Oreochromis niloticus

Mean Mean Mean Mean

Site N Liver Gill Kidney Fish

Index Index Index Index
KISUMU 1 19 5.87+1.84 3.35+1.32 4.48 +1.92 13.70+ 2.91
KISUMU 2 21 3.42+1.02 430+ 1.05 2.70£1.30 10.42+2.02
KISUMU 3 69 257 £0.87 246 £0.94 332+1.26 8.16 £ 1.66
HOMA BAY 1 22 3.20+0.99 3.47+1.36 6.07£2.11 12,57 £2.48
HOMA BAY 2 13 519+1.19 3.76 £1.44 3.33+£1.93 12.29 +2.60
F, P-Value 1.34,0.257 0.43,0.783 0.67, 0.615 0.99, 0.415

3.2. Macroscopic and Microscopic Findings

Major macroscopic finding found were an abscess in
the peritoneal cavity of a fish in Kisumu that had pus-like
material, extensive adhesions and destruction of tissue.
The microscopic picture of the tissue from the fish showed
purulent inflammation with several heterophils.

The pathological lesions observed in the liver
hepatocytes, and the prevalence of the various pathologies
differed between the sites. The melanomacrophage centres
(MMCs) aggregation (Figure 2a) were found in all surveys
except Kisumu 1. The melanomacrophages aggregation
located near the centro-lobular veins of the hepato-
pancreas circumscribed by a thin layer of connective
tissue. The melanomacrophages varied in size, and some
had diffuse distribution in the liver parenchyma, whereas
others had focal distribution, especially around the
hepatopancreases. Other pigmentations observed were the
hemosiderin deposits. Single-cell and focal necrosis was
observed, which was accompanied by sinusoidal cytolysis,
characterised by loss of hepatic cells (Figure 2b). In some
fish, focal necrosis of the pancreatic tissue was also noted.
Nuclear alterations observed were nuclear enlargement

and nucleus degeneration (Figure 2c), leading to a total
loss of the nucleus. Significant circulatory disturbances
observed were congestion of both hepatic and pancreatic
vessels and congestion within the sinusoids. A thrombus
in a blood vessel was also observed in a hepatic vessel
(Figure 2d). Fibrosis was denoted by the presence of
fibrotic tissue and fatty liver degeneration. The fatty
degeneration was characterised by hepatocytes that were
filled with lipid deposits and a nucleus located at the
periphery. Inflammation, congestion of the sinusoids and
general disruption of the liver cord structure were also
noted. Hepatitis characterised by the presence of focal and
diffusely distributed leukocytes. Other lesions were
vacuolated hepatocytes with condensed nuclei placed at
the periphery, which consisted of liver hepatocytes with
depleted lipid reserves interspersed with pigmented
macrophage aggregates.

The histopathological changes associated with the gills
of O. niloticus included leucocytic infiltration, gill
epithelial cell necrosis, and telangiectasia. Leucocytic
infiltration of the gills entailed the presence of leukotic
cells in the filament epithelium, epithelial lifting of gills
(Figure 3a). Telangiectasia characterised by swollen
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secondary lamella was observed (Figure 3b). Distal
hyperplasia of the secondary lamella epithelium was noted
in some fish. Circulatory disturbances noted in the gills
included stasis of the central venous sinus and congestion
of gill capillaries. Epithelial cell necrosis was observed on
the secondary gill lamella. Other significant lesions
observed were gill lamellar fusion and blood congestion of
the gill blood vessels.

Figure 2. A- Melanomacrophages centres interspersed in the pancreatic
acinar cells (black arrows) (H&E, x800), B- coagulative necrosis
showing hepatocyte and sinusoid cytolysis (H&E, x1000), C- hepatocyte
nucleus degeneration (blue arrow), enlarged and eosinophilic nucleus (a)
and hepatocyte vacuolation and degeneration (H&E, x1000), D-
Thrombosis in a vein, showing the thin endothelial layer (black arrows)
(H&E, x2000)

Figure 3. A- Epithelial lifting of gill lamella (H&E, X2000), B-
Telangiectasia) (H&E, x2000)

Figure 4. A-Diffuse nephritis in the Kkidney (white arrows):
Inflammatory cells interspersed in the interstitial tissue of the kidney
(%1000, H & E), B- Destruction of the hemopoietic tissue and interstitial
necrosis (x800, H & E)

The most common histopathological lesions of the
kidney were: glomerulus vacuolation and dilatation of the

Bowman’s capsule. Cases of nephritis characterised by
leucocytic infiltration, interstitial cell destruction and
necrosis were noted (Figure 4a). The vacuolation of the
glomerulus was characterised by shrinking and destruction
of the glomerular tuft, renal tubule cell vacuolation and
hydropic  degeneration, and  melanomacrophages
aggregation. The renal tubule cell vacuolation entailed the
renal tubules’ epithelium manifesting a vacuolated
cytoplasm, a form of tubular cell degeneration. The
glomerulus vacuolation was characterised by degeneration
and shrinking of the glomerulus (Figure 4b). The
melanomacrophage centres were observed to be
interspersed in the renal interstitial as a black or dark
pigmentation. Other pigmentations noted in the kidney
were hemosiderin deposits. Nuclear alterations were
pointed out in the glomeruli and renal tubules epithelial
cells and haemorrhages.

3.3. Semi-quantitative Pathological Analysis

Table 1 shows the mean histopathological indices from
the fish organs and the overall mean fish index for each
survey. The means of the reaction indices were not
significantly different among the sites and seasons.

The current study provides insight into the
histopathological lesions of O. niloticus and a baseline of
the health of the fish obtained from the two study sites in
Lake Victoria’s Winam Gulf, Kisumu, and Homa Bay.
The histopathological changes were observed in the most
sensitive organs (liver, gills and kidneys) in fish which
were induced by environmental pollution and infections
by pathogens.

The mean values of condition factor and hepatosomatic
index were within the normal range of Oreochromis
niloticus [21] and there was no significant difference
between the surveys conducted in Kisumu and Homa Bay
indicating there was no significant fluctuation between the
seasons. The mean condition factor in all the surveys was
greater than 1, which indicates a good nutritional status of
the fish [23]. Goede and Barton reported fluctuations in
CF as a reflection of depleted energy reserves. The
hepatosomatic index has been used as a bioindicator of
water pollution in ecotoxicology studies [24]. The
increased hepatosomatic index is associated with
increased liver size due to either hypertrophy or
hyperplasia, and other pathological destruction of the liver.
In this study, the mean HSI in the five surveys in Kisumu
and Homa Bay ranged between 1.67 to 1.82, which is
comparable to the species averages of a HSI which is
approximately 2% of the body weight [25]. Experimental
studies have recorded lower or higher HSI of in fish
exposed to pollutants [25,26], which indicates the role the
pollutants play in the HSI.

Most of the histopathological lesions of the investigated
O. niloticus organs observed in both Kisumu and Homa
Bay, except for a few wvaried in prevalence.
Histopathological lesions were like lesions in fish
obtained from polluted waters globally as reported in other
studies (8,18,22) and are a manifestation of complex
interactions of stressors. For example, gill lesions have
been attributed to exposure to toxic chemicals and
parasites [27]. Some gill pathology changes in fish have
also been attributed to bacteria associated infections and
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exotoxins. [28] reported bacterial infections in freshwater
fish resulted in epithelial hyperplasia leading to fusion of
secondary lamellae. The net effect is decreased respiratory
surface and diminished respiratory efficiency.

A variety of lesions in the liver, gills and kidney of
Oreochromis niloticus examined were categorised as
progressive, regressive, inflammatory, and circulatory
disturbances. Most of the lesions were found in organs in
the various surveys in both Homa Bay and Kisumu. A
comparison of the prevalence of lesions in Kisumu and
Homa Bay sites demonstrates the distribution of lesions
among the fish organs; although some lesions occurred in
a few fish. There were variations in the prevalence of
lesions between the sites and seasons but no significant
differences. The liver and the gill had the highest
prevalence, and the kidney had the least. The high lesion
prevalence in the liver and gill indicates their exposure to
the pollution elements by their function. Previous studies
have shown that both the liver and gills are essential
biomarkers of toxic pollutants in water [29].

The liver is a metabolic organ processing many
metabolites that include chemical pollutants and hence
their higher risk of exposure. In this study, hepatocytes in
the liver exhibited several lesions such as
melanomacrophage infiltrations, fatty liver degeneration,
hepatic cell necrosis, and fibrosis. These lesions have been
reported in other studies due to exposure to environmental
contaminants. Example is hepatocytes fibrosis, necrosis
and fatty liver degeneration which are lesions of severe
magnitude and associated with exposure of fish to heavy
metals [18]. Increased size and numbers of
melanomacrophage centres in the liver and kidney have
been linked to increased detoxification action by these
organs on exposure to pollutants [30,31]. The occurrence
and size of melanomacrophage centres are dependent on
the fish species, tissue affected, and amount of insult the
tissues have been exposed to [32,33]. Melanomacrophages
have been reported to increase with age, starvation,
disease and exposure to pollutants. Therefore, other
contributing factors cannot be ruled out in this study
[34,35]. Melanomacrophages and liver hepatocyte
vacuolation which were observed in this study have been
attributed to pathogenic bacteria such as Aeromonas
hydrophila, Streptococcus iniae and S. agalactiae [36,37]
some which were observed in this study.

Concerning the gill histopathology, it can show the
extent of damage, and if severe poses a danger by
lowering the fish’s respiratory capacity. Gills are highly
sensitive to changes in the aquatic environment, and the
presence of pollutants has a significant effect [38]. Their
large surface area, which by design is to increase the area
for gaseous exchange makes the gills vulnerable to
contaminants in water [39]. Various pollutants have
different effects on the gills; for example, copper changes
the morphology and ultrastructure of gills [40] heavy
metal ions cause cellular damage which impedes
respiration and osmoregulation [41].

Renal tissue lesions such as glomerular destruction and
dilatation of the Bowman’s capsule were also described in
fish exposed to xenobiotics [42]. Lesions such as hydropic
vacuolar degeneration and necrosis of the tubular
epithelium have been reported in cases of toxicity with
hydrocarbons, heavy metals and other environmental

contaminants [31,34]. The result of damage to the kidney
tissue is inefficient ion reabsorption which would lead to
loss of ions in a freshwater fish such as O. niloticus.

The semi-quantitative evaluation of the organs reveals
high organ indices for some surveys than others, while
others had moderate indices which indicate less alteration.
It was noted that the liver and gill which had higher lesion
prevalence had a mean index comparable to the kidneys
that had lower prevalence. The kidney index is associated
with lesions whose relative importance to the wellbeing of
fish is more weighted than the gill and liver lesions.

Pathology caused by microbial infections may manifest
as leucocytic infiltrations. Numerous cases of leucocytic
infiltrations were noted in the hepatic, renal and
respiratory tissues, at varying prevalence. Inflammation is
a pathophysiological process as a result of several
stressors such as trauma, bacterial, viral infections and
chemical or toxicant injury [34].

Histopathological lesions were observed in all organs in
the study indicating that the tissues are exposed to various
stressors; chemical, microbial and probably some
idiopathic etiology. Some of the lesions could be
attributed to pollutants and microbial infections. The
lesions were seen in both Kisumu and Homa Bay, though
with varying prevalence’s. The data from the study
indicates that fish in Kisumu are slightly more affected
than the fish in Homa Bay. The study indicates that
histopathology is an important biomarker in the study of
the potential effects of pollutants in an aquatic system.

The cells of fish exposed to pollutants undergo adaptive
changes initially, and irreversible cellular damages as the
exposure become chronic. Further investigation is
recommended on the Oreochromis niloticus to determine
the effects of significant pollutants on the fish and develop
a better understanding of the adverse effects of pollution
of the Oreochromis physio-biology. The distribution of
the lesions in the organs sampled indicate that the
Oreochromis niloticus is a useful sentinel organism that
can be used to monitor histopathological changes induced
by chemicals or microorganisms. The study concurs with
other studies which have used histopathology as an
ecotoxicological tool for evaluation and assessment of the
toxicological impact on organisms in the aquatic
environment by quantification of the damage on cells,
tissues and organs [16,43,44]. These results provide a
baseline for future studies of Oreochromis niloticus in the
lake. There is also a need to establish the baseline
databases for other species in the lake. The presence of the
histopathological lesions has long-term implications for
fish health, and therefore, studies on the same are
recommended.

4. Conclusions

The histopathology lesions of Oreochromis niloticus
obtained in both Kisumu and Homa Bay are biomarkers of
damage caused by pathogens and environmental pollutants
that include chemicals, and hence is an indicator that the
health of the Oreochromis niloticus is compromised.
Though not possible to identify the definitive causative
agents of the pathology in this study, it’s clear that the fish
are being exposed to stressful factors which results in a
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manifestation of pathology. This study recommends
further research work to increase the monitoring of the
effects the pathogens and aquatic pollution has on fish and
other aquatic species because of environmental pollution.
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