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ABSTRACT

The effects of gill ichthyophthiriasis and saprolegniosis in haematological parameters and relative condition
factor (Kn) ofOreochromis niloticugNile tilapia), naturally infected witlchthyophthirius multifilisand
Saprolegniasp. were studied, in comparison with those of healthy fish. Results show no difference in relative
condition factor between the two groups. However, red blood cells count (RBCC), lymphocytes percentage,
hemoglobin concentration, hematocrit and mean corpuscular hemoglobin concentration were significantly
lower when compared with the healthy group (P<0.01). In addition, mean corpuscular volume, neutrophils
and monocytes percentage were significantly higher (P<0.01) in the infected fish. Thrombocytes showed no
differences (P>0.05). No relation between the thrombocytes and the mechanism of organic defense was
observed. These results suggest that the parasitism induced anemia and increase in the percentage of circulating
neutrophils and monocytes.
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RESUMO

Neste trabalho estao relatados os efeitos da ictioftiriase branquial e da saprolegniose sobre as variaveis
hematologicas e fator de condicéo relativo (Kn) de espécimes de tilapia-d@Mithromis niloticus
naturalmente infectado cotohthyophthirius multifilise Saprolegniasp., em comparagdo com peixes

sadios. Os resultados ndo demonstraram diferengas estatisticamente significativas quanto ao fator de condi¢éo
relativo entre os dois grupos. Entretanto, a contagem de eritrdcitos, o percentual de linfocitos, a concentragédo
de hemoglobina, o hematécrito e a concentracéo de hemoglobina corpuscular média (CHCM) nos peixes
infectados foram significativamente (P<0,01) menores que os observados no grupo controle. Por outro
lado, o volume corpuscular médio (VCM) e o percentual de neutréfilos e mondcitos foram significativamente
(P<0,01) superiores nos peixes infectadopef@entual de trombdcitos néo foi alterado significativamente
(P>0,05) pelo parasitismo. Os resultados sugerem que o parasitismo provocou anemia e aumento percentual de
neutrdfilos e monaocitos.

Palavras-chave hematologiatchthyophthirius muiltifilis Oreochromis niloticusparasitosSaprolegniesp.

Introduction during the cold season £€careLu et al, 1990;
THATCHER and BriTes-NEeTo, 1994; MarTINS and
The presence of parasites in the water or in the fisSRomero, 1996; MarTINS, 1998).
tissue has been responsible by the occurrence of diseasesMycotic disease caused bgBolegniasp. is also
in fishfarms and feefishingq Brazil (TharcHEr and  extremely frequent in freshwater fish. Its primary
Brires-NETO, 1994; MhrTINS, 1998), specially inthe East  signs are the whitish or brownish masses on the body
Region. The parasites are responsible by 83.0% dfurface and gills, which may cause destruction of the
diseases in fish culture (Békési, 1992). epithelium. Saprolegniosis occurs in the cold season
One of the most important parasites of culturedBLy et al, 1996) or associated to handling stress and
fishes islchthyophthirius multifilisFouquet, 1876 with other parasites (sHna et al, 1990; SDERHAL
(MarTINS, 1998). It is a pathogenic protozoan with aet al, 1991; Naca, 1996).
world-widedistribution and low parasitic specificity The standardization of the haematological
(Eiras, 1994), which can cause severe mortality ratparameters is difficult in fish because these
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parameters can be influenced by deficient dietRosenreLp (1947) method. Two hundred cells were
diseases and environmental stress situationsi(& counted in each sample. The presence of immature
and Reores 1989). However, the analysis of theseleucocytes was evaluated but not quantified. Mean
parameters may improve the diagnosis of fish healticorpuscular volume (MCV) and mean corpuscular
(BLaxHALL and Dnistey, 1973; Avberson 1974;  haemoglobin concentration (MCHC) were calculated
ALDRIN; MESSAGER LAURENCIN, 1982). according to WATroBE (1934). After blood collection,
Oreochromis niloticug.innaeus, 1558 naturally the total weight and the standard length were measured
infected withl. multifiliis (Protozoa) an8aprolegnia  for each fish. These data allowed the calculation of the
sp. (Fungus) was examined in order to determine theelative condition factor ({Cren, 1951).
values of hematocrit, haemoglobin concentration, Parasitological examination- During the
mean corpuscular haemoglobin, differential count ohecropsy, fragments of gills, kidney, liver, spleen and
defense cells (leucocytes and thrombocytes) and toeart were excised and maintait@d Petri dish with

evaluate the histopathological changes. 0.65% saline solution. Pieces of the organs were
mounted on cover glasses and studied
Material and Methods microscopically. The same was performed with skin

mucus and fins. Parasites were fixaw identified
Culture characteristics and fish— Fourty Nile  according to HarcHeR (1991), MhrTINS andRoMERO
tilapia, Oreochromis niloticusvere collected at a (1996) and MRrTins (1998).
ponds (30 rf) at a fishfarm situated in Franca, S8o Histopathological examination— Small pieces
Paulo State (2032’ 03" S - 4P 24’ 38" W; mean of tissues were fixed in 10% buffered formalin
altitude of 1,040 m). Nile tilapia was extensively solution and embedded in paraffin-block. Cross
cultivated for one year, in a stocking density of threesections 6rm thick, stained with hematoxylin and
fishes per rh. The addition of 200 g/fof horse dry  eosin, were observed under microscope.
manure was performed four days before fish storage, Statistical analysis- Fish were distributed into
for to increase primary production; after that, the pondwo groups: one, composed of healthy fish (control),
was fertilized only by fruit and foliage proceeding and another, of infected fish. Groups were compared
from the surrounding trees. During 1997, the wateby theF test with 5% of probability, according to
guality was analyzed, according tmiGerRMAN;  Banzato and Kronka (1995).
CLymo; OHnsTAD(1978). In May 1997, a decrease in
the water temperature (from 23 to°CYJ caused Results
behavior changes in 80.0% of the cultivated tilapia.
Twenty of these fish, which exibited behavior changes The water quality analyzed showed the following
and infections by. multifilis andSaprolegniasp.,  parameters: water temperature@ 7o 25C, pH 8.0
and another twenty healthy fish from a different pondo 8.3 and dissolved oxygen 3.0 to 4.0 mg/L.
(control) were collected for examination. Haematological parameters and relative
Haematological parameters and relative condition factor (Kn) - Values of the erythrocyte
condition factor (Kn) — The fish were previously series and condition factor of infected tilapia are
anaesthetized with benzocain (1g/15L) and blooghown in Table 1. RBC, haemoglobin, hematocrit
samples (0.5 mL) were taken from the caudal vesselsnd MCHC were significantly different (P<0.05)
into heparinized syringes (5000 I.U.) before sacrificewhen compared to those of healthy fish. MCV
Red blood cell counts (RBCC) (mean numiberdf  values of the healthy fish were lower(P<0.05) than
blood) were performed in a Neubauer chamber aftethose observed in infected fish. Weight, length and
dilution in NaCl solution (0.65%) and neutral red alometric condition factor did not show any
(1%). Hematocrit (Hct) was determined in difference.
microhematocrit tubes, according t@BENFARB et The percentage of the blood cells of organic
al. (1971). Haemoglobin concentration in blood (g/defense (leucocytes and thrombocytes) showed an
dL) was determined by the cyanomethaemoglobinncrease (P<0.05), particularly of neutrophils and
method, according todCuLiEr (1944), with the aid of monocytes, and a significant decrease of
an absorbance spectrophotometer (Analyser 500Symphocytes (P<0.05) in infected fish, in relation
Differential counts of the blood cells of organic to that observed in healthy fish. No significant
defense (leucocytes and thrombocytes) werdifference in thrombocytes percentage between the
performed in blood smears stained according to thgroups (P>0.05) was observed (Table 2).
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Table 1. Mean values standard deviation and range (values in parentheses) of fish measurements, relative condition
factor (Kn) and erythrogram in healtreochromis niloticuand with ichthyophthiriasis or saprolegniosis

Fish conditon

Parameter Healthy (n=20) Infected (n=20) F test
Weight (g) 157.0 +35.0 242.0 £ 154.0 12.10™
(97.3-249.6) (101.0 — 558.0)
Length (cm) 16.6+0.6 18.8£4.0 932
(14.0-19.5) (14.0 - 29.5)
Kn 1.00 +0.01 1.00 £ 0.02 5.68"
(0.98 - 1.02) (0.96 — 1.04)
RBCC (10%uL) 2.473 +0.74 1.402 £ 0.56 31.07*
(1.730 — 4.830) (0.670 — 2.450)
Haemoglobin (g/dL) 85+1.9 58+1.4 9.61%
(5.4-11.5) (4.4-8.5)
Haematocrit (%) 30.6+5.0 249+6.3 24.19*
(23.0-41.0) (8.0-37.0)
MCV (fL) 133.7+£31.8 196.6 + 87.3 8.66*
(70.8 — 205.0) (64.0 — 375.0)
MCHC (g/dL) 28.9+9.7 234443 5.10%
(16.8 - 55.2) (14.1 -29.3)

NS - not significant (P>0.05); *- significant (P<0.05)

Table 2. Percentage of the defense blood cells in he@itepchromis niloticusnd in that with ichthyophthiriasis and

saprolegniosis. Mean valugestandard deviation and range (values in parentheses)

Fish conditon

Parameter Healthy (n=20) Infected (n=20) F- test

Thrombocytes (%) 59.8 £14.0 53.6£12.8 2.15™
(21.0-81.0) (30.0-71.0)

Lymphocytes (%) 21.7+£8.1 9.4+£6.1 33.04%*
(11.0-42.0) (3.0-30.0)

Neutrophils (%) 10.7+6.3 20.5+14.6 6.41%*
(3.0-27.0) (1.0-52.0)

Monocytes (%) 75468 163+5.7 21.35%
(0.0 -32.0) (4.0-26.0)

NS - not significant (P>0.05); *- significant (P<0.05)
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Behavior and histopathological and sizes provided by the sporangious, being identified
parasitological examination— Sick fish showed asSaprolegniasp. (Noca, 1996; MhRTINS, 1998).
erratic swimming, agglomeration near the water Histopathological analysis revealed the presence
inflow and excessive mucus production. Petechia®f a great number of multifiliis in the gills between
and white spot (1.0 mm diameter) on the body surfacéhe secondary lamellae, which presented various
were also observe@otton-like structures of brownish degrees of hyperplasia of the epithelium and goblet
color were observed on the scales. Gills showedaells that often occupied interlamellar spaces. Several
brownish mucus, petechiae and bloody aspect. Somgarasites were observed in the hyperplasic
animals presented pale liver, with increased volumeepithelium, causing fusion of the secondary lamellae
Microscopical observation of gills and mucus revealecextremities. In addition, there was sinusoidal cappilar
a ciliate protozoan with 0.5 to 1.0 mm diameter,congestion and telangiectasis. Mononuclear
presenting a characteristic horseshoe nucleus, which waglammatory infiltration was also observed in some
identified adchthyophthirius multifilisFouquet, 1876 cases. Ulcers and erosions of the skin epithelium were
(Noga, 1996; MarTINS, 1998). associatedvith mononuclear inflammatory infiltration

The examination of the cotton-like structures (Figure 1). The observation of other tissues of infected
showed the existence of asseptated hiphae of different healthy fish did not present structural changes.

Figurel. Gill filaments in the primary lamellae @freochromis niloticuinfected
with Ichthyophthirius multifiliis Stain HE x 1,365

Discussion Lernaea cyprinaceand |. multifiliis. Murap and
MusTara (1988), Kurovskava and GAbcHAYA (1993)

The determination of condition factor has beenand Tavares-Dias et al(2000a) observed in parasitized
utilized most effectively in comparing two or more fish lower values afondition factor when compared to
fish populations living under similar or different those of the nonparasitized ones, probably due to the
feeding, density, climate (WrHerLey and GLL,  infection degree and time of parasitism.

1987), and health (Mkap and MusTara, 1988) Haematological studies may improve the
conditions. In the present study, the relative conditiorevaluation of the health of a fish subjected to deficient
factor (Kn) of infected and non infected tilapia wasdiet, diseases and changes in the environmental
similar. This result showed that the parasitism levelconditions (BaxHaLL and DusLey, 1973, ACHUTHAN-

did not occur in sufficient time to prejudice the fish NArR and BwakrisHNAN-NAIR, 1983). In the present
development. Such observations confirm those ostudy, the lowest values of erythrocytes number,
Ranzani-Pana et al (1997), in mulletd/ugil platanus  hematocrit and haemoglobin indicate that the
parasitized by monogenean, copedods angarasitized fish had a severe anemia. The blood
Trichodinea, and also those ofvAres-Dias et al  indices MCV and MCHC were influenced by the
(1999a) inPiaractus mesopotamicadLeporinus  parasitism irD. niloticus and suggest the existence
macrocephalugparasitized by the monogenean of macrocytic-hypochromic anemia. Changes in the
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cellular composition of the blood as well as in the study, decrease in lymphocytes percentage and
electrolytes values have been shown to be associateédcrease in those of neutrophils and monocytes
with infection (Soskopr1993; YiLpiz, 1998). were observed. Similar results, such as
Decrease in the number of erythrocytes together withymphocytopenia, neutrophilia and monocytosis in
the increase of its volume is a sort of compensatiorSchizodon intermediusfested bylL. cyprinacea
for the haemoglobin oxygen transport. Reduction inwere related (BvA-Souza; ALMEIDA; MACHADO,
the erythrocyte number, haemoglobin concentratior2000). Tavares-Dias; MARTINS; KronkA (1999)
and CHCM inO. niloticuswith ichthyophthiriasis  reported the occurrence of thrombocytopenia and
and saprolegniosis was observed. On the other handyonocytosis ifP. mesopotamicysarasitized with
the increase of VCM may be the first response ofArgulus sp. The assintomatic fish showed
fish in order to compensate the decrease in th@eutrophilia and relative lymphopenia, similar to
number of erythrocytes. The greatest erythrocyteghat observed by iNes and $Ira (1973) in carp
may carrier high quantities of haemoglobin. with ichthyophthiriasis. In the present work,
Other studies have reported anemic process antymphopenia and relative neutrofilia were also
macrocytic-hypochromic anemia@hanna striatus observed, corroborating the foundings of the
infested by the isopodlitropus typu/AcHUTHAN- authors cited anteriorly. Changes in the numbers
NAIR and BuwakrisHNAN -NAIR, 1983) and normocytic-  of lymphocytes and neutrophills are considered as
hypochromic anemia iHeteropneuste®ssiliswith secondary responses in different kinds of stress
metacercariae oDiplostomulumsp. (Murap and  (CarNnElRO and WReINATI, 1998; MarTIns et al.,
MusTara, 1988). On the other handykovskava and ~ 2000). Although other parameters, such as glucose
OsabpcHAYA (1993) did not report changes in and cortisol levels, were not evaluated, it may be
erythrocyte and haemoglobin values of the carppossible that infection provokes physiological
Cyprinus carpioinfected withl. multifiliis. It may  disturbs.
be considered that the utilized fish was provenient Thrombocyte may be considered blood cell of
of extensive culture, wherk multifiliis and defense (for details seeaVares-Dias et
Saprolegniasp. were naturally present. The cited al.(1999b,c) and Tavares-Dias$ al. (2000b,c,d).
authors have studied the cultivated fish fed withBecause it is involved in the organic defense
balanced diet and experimentally infected with mechanism (Yokoiama, 1960 and Fange, 1968,
multifiliis. Such conditions may have stimulated fish apudELLis, 1976; BNHA; Dias; MaLucELLI, 1996;
resistance to the parasite. MatusHiva and Mariano, 1996; MarTins, 2000).
Factors such as low temperature or bad watetWhen the organic defense mechanism is
quality may be responsible for deficient developmentconcerned, the counts of the blood defense cells
in tilapia (RwvA etal, 1988; GstacnoLLl, 1992). Low  include leucocytes and thrombocytesa@REs-
temperature may reduce fish activity, feedingDias et al.,1999b,c and Avares-Dias et al.,
behavior and metabolism ¢Bp, 1990). Non infected 2000b,c,d). This concept is based in the pathology
tilapia (control) showed haematological valuesaspects but not in the phisiological ones.
similar to or higher than those related in the literature  No significant difference were observed in the
to the same fish genus fBrowskA; MEYER- thrombocytes percentages of infected and healthy
BurcDORFF, GUNTHER, 1989; SvEIRA and RGoREs tilapia. Such cells do not have their origin in a
1989; ALLen, 1993a,b; 8n; CHen; CHang, 1994;  white blood cell, but are present in inflammatory
Nussey; Van VUuren; Du Preez, 1995a,b). Thus, the exudate and their phagocytic activity in the organic
anemia observed in the fish of this study wasdefense is comproved @&ccHi, SALIBA ; MARIANO,
probably caused by parasitism. This is especially trut980; kHipa et al,1985; Kajcava et al, 1985;
because no factors responsible for anemic procesSuzuki, 1986; Das and SnHorini, 1991;
were observed. MaTtusHiMA and Mariano, 1996; RBNHA; Dias;
Leucocyte number changes may occur inMaLuceLLl, 1996; HLL and PowLey, 1996).
infectious diseases (BxHALL and DnisLey, 1973; MAaTusHIMA and Mariano (1996) reported a
ANDERsSON 1974; ADRIN; MESSAGER LAURENCIN, predominance of thrombocytes (80.0%) in the
1982) and significant changes in the leucocyteinflammatory exudate provoked by carrageenin
number related to the degree of ichthyophthiriasisinjected into the air cavity of Nile tilapia. These
infection in C. carpio were mentioned results were confirmed by MTins (2000).
(Kurovskara and GabcHava, 1993). In the present  Nevertheless, Ponsg ELLis; Sitva (1997) showed
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lymphocytes, macrophages, neutrophils, and, vergassisting with the technical services and Dr Sérgio
rarely, thrombocytes as the predominant cells infN. Kronka (Departamento de Ciéncias Exatas,
the unstimulated peritoneal cavity of UNESP, Jaboticabal, SP) for his cooperation in the
Oncorhynchus mykissThe abundance of statistical analysis.

thrombocytes in blood of healthy figEHoNDAR,

1982; MurrAY, 1984; LEA-MasTER et al, 1990, References

TavarRes-Dias and FausTino, 1998; Tavares-Dias

etal, 1999b,c; Rvares-Dias et al, 2000b,c,d) and  AcHutHan-NAIR, G. and BrakrisHnan-NaR, N. 1983

in the infected ones @VarRes-Dias et al.,, 1999a, Effect of infestation with the isopodlitropus typus
Tavares-Dias; MARTINS; KRoONKA, 1999; TavARES- M. Edwards (Crustacea: Flabellifera: Aegidae) on the
Dias, 2000) was reported and this fact was haematological parameters of the host fiSshanna
considered normal. This kind of cell is erroneously  striatus(Bloch). Aquaculture, 3011-19.

included in the leukocyte differential count when
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nfluenced by the deciine.in the environmental ———— 19930 Efects of acute xposureto cadrmiur
y (1) chloride and lead (Il) chloride on the haematological

temperature, because the stress of handling in the : . .
cold season is responsible for secondary infections profile of Oreochromis aureugSteindachner) Comp.
! P ! y! ! Biochem. Physigl105C: 213-217.

(BuLLock, 1964; Siesko, 1964; WEDEMEYER, 1971;
Finn and Neisen, 1971; Kurata et al, 1995;  Anperson D.P. 1974 Fish Immunology Neptune:
Tavares-Dias; MarTINS; Moraes, 2001). 1. T.F.H. Publications, New Jersey. 239p.

multifiliis andSaprolegnissp. have appeared more

frequently in the winter or under inadequateBANZATO, D.A. and Keonka, S.N. 199%xperimentacao
handling of fish culture, caused by denutrition and Agricola Jed. Jaboticabal: Ed. FUNEP. 247p.
poor water quality (EccareLLl et al, 1990; Bekes, L. 1992 Evaluation on data of

THATCHER agd &'TES-NETO{ 1994; Noca, 199h§; ichthyopathological analyses in the Brazilian northeast.
MarTIiNs and PomMERO, 1996; MhRTINS, 1998). This J. Braz. Assoc. Advanc. Se4: 400-403.

outbreak occurred in the winter when the water

inlets are lower than in the summer. For thisBiLaxuaLL, P.C. and Bistey, K.W. 1973 Routine
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