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The use of haematological techniques to assess fish health is generally accepted. The aim
of the current study was to determine selected haematological changes that occur in Clarias
gariepinus (Burchell, 1822). infected with trypanosomes. Blood films were prepared according
to standard techniques to confirm trypanosome infections and whole blood was collected,
the serum and plasma separated, and prepared for albumin and total protein concentration
analysis. Plasma albumin levels were significantly higher in infected wild caught fish than
in uninfected wild caught fish and uninfected breeding stock. Serum albumin levels were
significantly lower in infected wild caught fish when compared to uninfected breeding
stock. The total plasma and serum protein levels were within the normal range for
C. gariepinus, that is, 3 g – 6 g/100 mL. The total plasma protein levels varied significantly
between the three groups. However, the total serum protein levels were only significantly
different between uninfected breeding stock and uninfected wild caught fish, as well as
uninfected breeding stock and infected wild caught fish. The total protein levels were
significantly higher in infected wild caught fish than in the other groups, a possible indication
of an infection or inflammatory host response.

Introduction
To date, approximately 200 species of piscine trypanosomes are known (Gupta & Gupta 2012).
In nature, trypanosome infections are common, especially where the leech vector is abundant.
The effect of a trypanosome infection depends solely upon the host’s energy resources, and
the impact ranges from physiological (Tandon & Chandra 1977), metabolic, pathological
(Lom & Dykova 1984), biochemical (Gupta & Gupta 1986) and asymptomatic, to behavioural
anomalies and syndromes (Barber, Hoare & Krause 2000). Haematological techniques are important
for the assessment of the impact of trypanosome infections on fish health (Shah & Altindağ 2004).
Osman, Fadel and Ali (2009) reported that Clarias gariepinus (Burchell, 1822) infected with
Trypanosoma mukasai Hoare, 1932 showed significant decreases in total serum protein, albumin,
globulin levels, albumin/globulin ratios and cholesterol concentrations. These authors also noted
an increase in serum aspartate aminotransferase and alanine aminotransferase enzyme activities.
However, no significant effect was noted for serum urea, creatinine and uric acid concentrations (see
Osman et al. 2009). Gupta and Gupta (2012) recorded erythropenia due to piscine trypanosomiasis
in various fish hosts. Symptoms of piscine trypanosomiasis range from anaemia (Woo 1981; Islam &
Woo 1991) to leucocytosis, hypoglycaemia and hypocholesterolemia (Gupta & Jairajpuri 1983;
Gupta & Gupta 1986). Several authors have reported on the effect of trypansome infection on
albumin (Osman et al. 2009; Kharat & Kothawade 2012; Kovyrshina & Rudneva 2012) and total
protein levels (MLay et al. 2007; Osman et al. 2009; Kharat & Kothavade 2012). According to Gupta
and Gupta (2012), increased erythroblasts, haemoblasts and macrophages can also occur as
clinical manifestations. The aim of the current study is to determine whether any haematological
changes occur in the African sharptooth catfish, C. gariepinus infected with trypanosomes.

Materials and methods
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Twenty-one C. gariepinus were collected from the Vaal Dam (26°52.249′S 28°10.249′E), South
Africa, using gill nets. The fish were kept in fully prepared aquaria. Non-infected C. gariepinus
breeding stock were maintained at the University of Johannesburg aquarium, South Africa.
Blood films were prepared from all fish. Infections were confirmed by observing haemoflagellates
in methanol fixed and Giemsa stained films prepared according to the method described by
Davies et al. (2005). Blood samples were collected from both trypanosoma infected (wild caught)
and non-infected (wild caught and breeding stock) fish and centrifuged to concentrate cellular
components. Serum was obtained by allowing blood to clot for 30 min – 45 min (yielding serum
without fibrinogen) and then centrifuged at 3000 rpm for 15 min. In a duplicate set, the plasma
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health status of fish (Maheswaran et al. 2008). The albumin
concentration in fish plasma and serum reflects the health
of the animal, liver function, metabolic status and stress
conditions (Kovyrshina & Rudneva 2012). Plasma albumin
levels were significantly higher (Table 1) in trypanosome
infected wild caught fish than in uninfected wild caught and
uninfected breeding stock. The lowest levels were observed
in uninfected fish reared as breeding stock. In a study done by
Kharat and Kothawade (2012) on the haematology of Clarias
batrachus (Linnaeus, 1758) with trypanosomosis, higher
levels of albumin were reported in infected fish. However,
these levels were not significantly different from those of
uninfected fish. Osman et al. (2009) reported low serum
albumin levels in trypanosome-infected C. gariepinus, which
resulted in generalised oedema and haemodilution. In the
current study, serum albumin levels were significantly lower
for infected wild caught fish when compared to uninfected
breeding stock, indicating haemodilution caused by the
trypanosome infection. Parasite infection is most likely not
the only factor responsible for variation in albumin levels,
since it has been noted that diet composition (Chukwuma,
Obioma & Christopher 2010; McQueen et al. 2011; Kovyrshina
& Rudneva 2012), fish species, age, life cycle stage, sexual
maturity, health and environmental factors (Kovyrshina
& Rudneva 2012) also affect albumin levels. Thus the
high albumin levels observed in uninfected breeding
stock may also be attributed to their diet and/or their age
(Hasnain et al. 2004).

was separated by centrifuging unclotted blood at 3000 rpm
for 10 min. Plasma and serum were respectively transferred
to separate Eppendorf tubes and stored in liquid nitrogen
until further examination. Samples were thawed at room
temperature. BCG albumin (DIAG-250) and total protein
(QCPR-500) values were measured following standard
operating procedures supplied by BIOCOM biotech. Data
are presented as mean ± standard error. A two-way analysis
of variance (ANOVA) was done to calculate any significant
differences between infected and uninfected groups using
Graph Pad prism 6, version 6.01, significance was set at 95%.

Results
The trypanosomes in C. gariepinus blood films resemble
T. mukasai. Morphological characteristics include a nucleus
anterior to the mid-line, similar to the descriptions of Baker
(1960), Negm-Eldin (1997), Smit, Davies and Van As (2000)
and Ferreira and Avenant-Oldewage (2013). Of the 21
C. gariepinus collected from the Vaal Dam, only 19% (4/21)
were infected. Parameters between plasma and serum were
similar (Table 1). Significant differences (p < 0.05) were noted
between albumin and total plasma protein levels. The twoway ANOVA indicated significant differences between
plasma albumin levels between uninfected breeding
stock and infected wild caught fish, as well as between
uninfected wild caught fish and infected wild caught fish
(Table 1). Serum albumin levels differed significantly
between uninfected breeding stock and uninfected wild
caught fish, as well as between uninfected breeding stock and
infected wild caught fish (Table 1). Significant differences in
the total plasma protein were seen between all three groups
of fish, although total serum protein differed significantly
only between uninfected breeding stock and uninfected wild
caught fish, uninfected breeding stock and infected wild
caught fish, and uninfected wild caught and infected wild
caught fish. Total protein in uninfected wild caught fish was
significantly higher than in uninfected wild caught fish or
uninfected breeding stock fish serum and plasma.

Low plasma protein levels are often linked to starvation
and depletion of energy stores (Lockhart & Metner 1984;
Cunjak 1988). Plasma proteins include globulins, fibrinogens
and albumins, and are vital in transporting materials via
the circulation system (Inyang, Daka & Ogamba 2010).
Adams, Brown and Goede (1993) recorded the normal
range for total protein to be between 3 g – 6 g/100 mL and
Adeyemo et al. (2003) recorded the reference value to be
3.8 mg ± 0.11 mg/100 mL. In the current study, total protein
values for all groups were within the range proposed by
Adams, Brown and Goede (1993) (Table 1). Uninfected
breeding stock levels (plasma and serum) were the lowest,
indicting depletion of energy stores (Table 1). Fish infected
with trypanosomes had a higher total protein plasma
and/or serum levels. According to Khan (1977, 1980), a
decrease in plasma protein is associated with trypanosome
infections. This was also noted by Smirnova (1970) for serum
protein levels of burbot, Lota lota (Linnaeus, 1758), infected
with Trypanosoma lotae (Smirnova, 1970) and similarly by
Tandon & Joshi (1973) for fish infected with Trypanosoma

It was also noted that some of the fish collected from the Vaal
Dam and Vaal Barrage were infected with Proteocephalus
glanduligerus (Janicki, 1928), Tetracampos ciliotheca
(Wedl, 1861) and unidentified nematodes, and the parasitemia
in these fish was very low. The presence of cestodes was
previously recorded from this locality (Madanire-Moyo &
Avenant-Oldewage 2013).

Discussion
Blood parameters are patho-physiological indicators of
the whole body and are thus important in diagnosing the

TABLE 1: Clarias gariepinus (Burchell, 1822) collected from the Vaal Dam, South Africa haematological parameters tested.
Biological Parameters

Plasma

Serum

UNB (n = 10)

UNW (n = 17)

INW (n = 4)

UNB (n = 10)

UNW (n = 17)

INW (n = 4)

BCG Albumin (g/dL)

0.341 ± 0.002a

0.342 ± 0.001b

0.348 ± 0.005ab

0.342 ± 0.002ab

0.333 ± 0.001a

0.334 ± 0.001b

Total Protein (g/100 mL)

5.111 ± 0.085a

5.321 ± 0.045a

5.467 ± 0.085a

4.966 ± 0.045a

5.167 ± 0.052b

5.182 ± 0.046ab

UNB, Uninfected Breeding Stock; UNW, Uninfected Wild Caught; INW, Infected Wild Caught; , indicates significant differences between two groups; , indicates significant differences between
two or more groups; ab, indicates significant differences noted between ‘a’ and ‘b’.
n = number of fish collected.
Each value represents mean ± standard error means. Significant differences between parameters and infected/non-infected classes (p < 0.05) are indicated with superscript within columns
a

b

Example: BCG Albumin (g/dL) plasma levels significant difference between UNB and INW (indicated with superscript a); and between UNW and INW (indicated with superscript b).
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vittati (Tandon & Joshi, 1973) and Trypanosoma maguri
(Tandon & Joshi, 1973).

Conclusion
Wild fishes are frequently infected with a variety of pathogens
and are regularly subjected to various stress factors, thus it is
difficult to assign abnormalities to any one particular cause
(Woo 2006). Future studies should include assessment of
other parasites (internal and external) to exclude their effect
on blood parameters. Hence the present study should be seen
as preliminary.
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