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Summary

Until now studies in Brazil of the pathological action of Contracaecum sp. larvae in Hoplias mala-
baricus have been rare. The aim of the present study was to analyze and describe histopathological
changes in the stomach of H. malabaricus caused by different intensities of infection by larvae of
Contracaecum sp., and the hematological effects of such infection. The mean intensity of infection
by L3 larvae of Contracaecum sp. correlated positively with Hematocrit percentage (Hct%) and cor-
related negatively with mean corpuscular volume (MCV). These findings are possibly related to the
passage of larvae from the stomach to the mesentery, potentially due to hemorrhaging t. Fish with
high infection intensity had larvae of Contracaecum sp in the submucosal of the stomach, which
caused destruction of Type | and Type Ill collagen (finer and more delicate collagen fibers which do
not form beams and are permeated by fundamental substances) around the parasite. Microscopic
analysis showed that crypts were arranged regularly throughout the stomach mucosal, varying in
number, size and depth, depending on the region of the stomach.
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Introduction

The fish species Hoplias malabaricus (Bloch 1794) (PISCES:
ERYTHRINIDAE), popularly known in Brazil as traira, or wolf fish,
is widely distributed in South and Central America, occurring most
commonly in hydrographic basins from Costa Rica to Argentina
(Oyakawa, 2003). It is a carnivorous species, uses ambush strate-
gies, and is essentially piscivorous in its adult phase (Hahn et al.,
1997; Shibatta et al., 2002).

Studies of the hematological parameters of fish are important as
they provide relevant information about the physiological capacity
of such animals (Viljoen & Vuren, 1991; Ballarin et al., 2004; Wells
et al., 2005), serving as a useful tool for evaluating the immuno-
logic system (Ballarin et al., 2004; Tavares-Dias & Moraes, 2004;
Tavares-Dias & Moraes, 2007). Hematocrit, hemoglobin concen-
tration and red blood cell size values are important indicators of
the oxygen transport capacity of water, oxygen removal rate, and
oxygen availability in tissues (Graham et al., 1985; Tavares-Dias &
Moraes, 2004; Wells et al., 2005).
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Hematological parameters can also provide information about the
health of a given fish population, and are important indicators of
changes in the environment or to the physiology of these animals
(Paiva et al., 2000a, b).

Hematological alterations in fish cultivated in Brazil have been
characterized in Cyprinus carpio (Paiva et al., 1997) and Piaractus
mesopotamicus (Tavares-Dias et al., 1999a) infested by Argulus
sp.; in Mugil platanus infected by Trypanosoma sp. Haemogregari-
na, Trichodina, Monogenea, Copepods and Hirudinea (Paiva et al.,
1997); in Piaractus mesopotamicus and Leporinus macrocephalus
infected by Monogenea; in Ichthyophthirius multifiliis, Trichodina
sp, Piscinoodinium pillulare and Lernaea cyprinacea (Tavares-Dias
et al., 1999b); in Oreochromis niloticus infected by Ichthyophthirius
multifiliis (Tavares-Dias et al., 2002); and in Hoplias malabaricus
infected by L3 larvae of Contracaecum sp. (Corréa et al., 2013).
Larvae of Contracaecum sp. have been found in various fish spe-
cies, with specificity uncharacterized (Kohn et al.,. 1985; Vicente
et al., 1985; Kohn & Fernandes, 1987; Moravec, 1998). These lar-
vae pass through the wall of the digestive tract, frequently settling



in the mesentery. Specimens of H. malabaricus act as interme-
diary and/or paratenic hosts, acquiring the parasite through the
ingestion of aquatic invertebrates, mainly micro crustaceans and/
or through preying on other, smaller fish (Madi & Silva, 2005).
Until now studies in Brazil of the pathological action of Contracae-
cum sp. larvae in H. malabaricus have been rare (Martins et al.,
2005). The aim of the present study was to analyze and describe
the histopathological changes in the stomach of H. malabaricus
caused by different intensities of infection by larvae of Contra-
caecum sp., and to analyze the hematological parameters of H.
malabaricus, to determine the epidemiological indices of H. mala-
baricus in the S&o Francisco River Basin.

Material and Methods

Specimens of H. malabaricus (n = 54) were collected from Inhu-
ma Lake in the municipal district of Puin, Minas Gerais, near the
Serra da Canastra mountain range (20°10°53"S and 45°50'32"W)
in the Sao Francisco River Basin. The fish were collected with gill-
net fishing nets with different meshes, and the captured fish were
transported to the research laboratory of CEPTA/ICMBIo in the
town of Pirassununga, SP (21°55'55”S and 47°22'37"W), where
they were kept in a tank with running, filtered water and were ob-
served for two weeks. The fish were transported in a 1000 liter
box and artificial aerated with liquid oxygen. They were monitored
every hour, with 5 — 7 milligrams held per liter and the temperature
maintained between 23 to 26 °C.

The sites were georeferenced (GPS) with the authorization of
ICMBio-N°. 27447-2/2010-2012. The procedures for fish collec-
tion and euthanasia were approved by the CEPTA/ICMBIo Ethics
Committee under protocol N° 2090-1.

Fish were collected every month from February 2010 to March
2012, alternating between the four lagoons, making a total of se-
ven collections from each lagoon. Blood collection and hematolo-
gical analysis was performed at the Continental Fish Hematology
Laboratory (CEPTA/ICMBio).

After biometry, 3 ml of blood was collected from the caudal vein
of each fish, using a syringe containing 25,000 UI/5SmL of heparin.
Blood samples were used to determine hematocrit and hemoglo-
bin concentration levels, using the methods developed by Collier
(1944) and Goldenfarb et al., (1971), respectively. The erythrocyte
(Er) count was performed by the indirect method (Dacie & Lew-
is 2007). Hemoglobin concentration (Hb) was determined by the
cyanomethemoglobin method and microhematocrit (Hct) by blood
centrifugation of the total volume of blood (5 min/12,000 rpm) in
capillary tubes. Erythrocyte indices such as mean corpuscular
volume (MCV); mean corpuscular hemoglobin (MCH) and mean
corpuscular hemoglobin concentration (MCHC) were calculated in
accordance with Dacie and Lewis (2007).

Leucocyte and white blood cell counts were performed using blood
smears stained by May-Grunwald-Giemsa, in accordance with the
methods described by Dacie and Lewis (2007). Blood extensions
were photographed using a Zeiss Axioplan2 photomicroscope
equipped with Leica IM50 software.

Using such quantification methodology the number of leucocytes,
thrombocytes, and approximately 2,000 erythrocytes were counted

for each extension. The total number of leucocytes and thrombo-
cytes was estimated from the proportion of total erythrocytes (us-
ing a Neubauer chamber), according to Hrubec and Smith (1998).
Following biometry (total length and weight), the fish were necrop-
sied, sex was determined (Vazzoler, 1996) and helminth collection
was performed.

Fish were euthanized by cervical cord transection, weighed,
measured (total length) and had all their organs examined. The
parasites found were collected and fixed in accordance with Eiras
et al., (2006). Following this procedure, the fish were necropsied
to analyze parasites in their stomachs. A voucher specimen was
catalogued in a scientific collection at the Zoology Museum of the
State University of Campinas — UNICAMP- N° Zuec-nma-03.
Larvae of Contracaecum sp., were collected in 0.9 % saline solu-
tion, heat killed, and conserved in glycerin alcohol (Eiras et al.,
2006). Subsequently, they were clarified with lactophenal, iden-
tified, counted, measured and photographed using the IM50 soft-
ware (Leica). Identification of nematode parasites was performed
in accordance with Moravec (1998).

The histological sections of the stomach were divided into three
groups: Group | (control), uninfected fish; Group II, fish with low
infection intensity (7 — 20 larvae) chosen randomly; Group Ill, fish
with a high parasite load (more than 700 larvae) chosen randomly.
The samples were fixed in Bouin and processed in accordance
with standard histological practice (Culling et al., 1985) for inclu-
sion in paraffin. Slides were produced from the fundic region of
the stomach, using sections with a thickness of 5um, stained with
Hematoxylin and Eosin (H&E) and Masson's Trichome stain. The
slides were observed using a light microscope and photographed
using IM50 software (Leica).

Student’s t-test (P<0.05) was used to compare the blood parame-
ters of parasitized and non-parasitized fish.

Nonparametric Spearman rank correlation was used to determine
the infestation intensity and the relative condition factor (Kn) of
fish. This procedure was performed using PROC CORR (SAS Inc.
1996). The same procedure was used to correlate the biometry of
the fish, and the frequency of Contracaecum sp. Kn was calculat-
ed for each host, according to Gomiero and Braga (2003), using
the Gnumeric 1.1 statistical program. Spearman’s rank correlation
was used to correlate mean infection intensity, hematological pa-
rameters and Kn.

Prevalence, mean infection intensity and mean abundance of
Contracaecum sp was calculated in accordance with Bush et al.,
(1997). Statistical analysis was performed using the SAS (SAS
Inc. 1996) program. The comparison of the mean infection in-
tensity and biometry of Contracaecum sp. was analyzed using
ANOVA (one criteria) with Tukey’s Test (p<0.05) a posteriori. The
Chi-Squared Test (X?) was used to evaluate possible differences
between the infection intensity and the sex of the fish, with a sig-
nificance level of p < 0.05.

Results

The total length of fish varied from 15.0 to 38.5 cm (x = 25.7;
s = +5.26 cm) and weight varied from 45.0 to 640.0 g (x = 228.1;
s=11344q).
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Table 1. Variation amplitude (Ax), mean (X) and Standard Deviation (s) of the blood parameters of H. malabaricus collected from lagoons Sao
Francisco River, Brazil, from February 2010 to March 2012

Parasitized fishes (n = 52)

Non parasitized fishes (n = 2)

Parameters Ax X S p Ax X =S p

Het (%) 8-74 28.41+1344  <0.05 25-64 32.60 + 18.31 <0.05
Er (106uL) 145-3.79 270 £0.40 0.028 2.3-3.59 2.69+0.40 0.017
Lc (t) (uL) 631573474 32953 £16894  0.123 15150 — 59400 321925193326  0.355
Tb (L) 2,965-56737  15,633+10,961 0982 5800 - 27300 15155 £9113.82 0.005
Hb (g/dL) 215-2.70 2.32+0.09 0.074 221-243 2.32+0.11 0.087
MCV (fl) 28.73 -395.49 116.78 £ 64.94  <0.05  95.23 -286.36 147.68 + 91.40 <0.05
MCH (pg) 7.77-15.68 8.99 + 1.67 0.173 7.62-10.16 8.45 +2.01 0.005
MCCH (%) 2.85-32.95 9.33£4.16 0.287 3.55-8.78 6.80 £2.25 0.037

Het = Hematocrit; Er = Erithrocity; Lc, = Total leucocytes; Th = Trombocity; Hb = Hemoglobin; Mean Corpuscular Volume (MCV), Mean Cellular
Hemoglobin (MCH); Mean Concentration of Cellular Hemoglobin (MCCH); Statistically differ between parasitized and non parasitized by t test (P<0.05)

Of the total examined fish, 28 were male and 26 were female. Of
these, 51.36 % of males and 48.64 % of females were infected
with parasites. Prevalence was 96.2 %, mean infection intensity
was 196.3 parasites/fish, mean abundance was 192.1, and there
were 35,926 larvae.

Erythrocytes, thrombocytes, and leucocytes were observed in the
blood extensions of parasitized and non-parasitized H. malabar-
icus. The erythrocytes of the fish were elongated and elliptical,

with a centralized nucleus. Thrombocytes were stick cells, with the
nucleus occupying practically all of the cytoplasm. The size, shape
and color of Leucocytes differed from other cell types.

The mean values of the blood parameters of parasitized and
non-parasitized H. malabaricus are shown in Table 1.

The mean Kn of the H. malabaricus specimens was 1.01, indicating
that conditions in the studied lagoons were healthy. Only one posi-
tive correlation was found between Kn and thrombocytes (Table 2).

&

Fig. 1. A— Hoplias malabaricus. B — Open general cavity of H. malabaricus with Contracaecum sp.; (a) larvae in mesentery region; (b) Larvae adhered to
stomach; SB — Swim Bladder; LI - Liver; IN — Intestine. C — Stomach of H. malabaricus with cardial region highlighted (a); fundic region highlighted (b) and
pyloric region highlighted (c). D — Mucosal folds of cardial region (a) and fundic region (b)
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Table 2. Spearman rank correlation (r,) between the Relative Condition Factor
(Kn) and the hematological parameters of H. malabaricus parasitized collected
from lagoons in S&o Francisco River, Brazil, from February 2010 to March 2012

Eritrogram ¥ § r, P

Hct (%) 2841 +13.44 0.01 0.89
Er (10%uL) 2.70 £ 0.40 -0.15 <0.01
Tb (L) 15,633 £ 10,961  0.25 <0.01
MCV (fl) 116.78 £64.94  0.09 040
MCCH (%) 9.33+4.16 0.01 092

Hct = Hematocrit; Er = Erythrocyte count; Tb = Thrombocyte count;

Mean Corpuscular Volume (MCV), Mean Corpuscular Hemoglobin

Concentration (MCCH)
The results of the Chi-Squared Test revealed that mean infec-
tion intensity was significantly greater in male fish (x2 = 33.72;
p <0.05).
It was found that larger fish had a greater quantity of larvae of
Contracaecum (ANOVAF, .= 6.93 p < 0.0001).
Larvae of Contracaecum sp. were present in in the mesentery
(Fig. 1A) or adhered to the stomach, intestine, liver and/or swim
bladder (Fig. 1B) of H. malabaricus. According to Peretti & Andri-
an (2008) and Morrison & Wright (1999) based on the presence,
orientation and thickness of the mucosal crypts or distribution of
the gastric glands, the stomach of a fish can be divided into three
regions: cardial, fundic and pyloric. As such, the stomach is of a
siphonal type, with cardial and fundic regions aligned on the same
plane, while the pyloric region is perpendicular (Fig. 1C). The mu-
cosal crypts of the cardiac region are parallel, extending to the
fundic region (Fig. 1D). In the pyloric region, the mucosal folds are
narrower and more numerous (Fig. 1D).
Lesions arising from a high intensity of Contracaecum sp were
frequently observed in the mucosal of the fundic region (Fig. 2A).
Lesions arising from Contracaecum sp in the mucosal of the pylo-
ric region were not observed (Fig. 2B).

-

The muscular layer is formed of smooth muscle fibers and has a
thinner outer longitudinal beam than the internal circular beam.
The serosa has loose connective tissue with collagen fibers and
nerves, and is irrigated with small vessels.

Macroscopic comparison of superimposed histological slides, fol-
lowing the sequence Group |, Group Il and Group llI, displayed
gastric hypertrophy. Macroscopic analysis of the histological sec-
tions allowed comparison between the size difference of the con-
trol stomach and stomachs infected with parasites.

Microscopy revealed epithelial destruction with a reduction of glan-
dular volume (Fig. 4). A large increase of the submucosal where
the larvae of Contracaecum sp were found was observed. Colla-
gen next to the mucosal was in the form of beams parallel to the
same, and laterally closer to the mucosal layer. The fibers were
more delicate and were not organized into characteristic beams.
Fish with a high infection intensity had larvae of Contracaecum sp
in the submucosal of the stomach, causing destruction of Type |
and Type llI collagen (finer and more delicate collagen which do
not form beams and are permeated by fundamental substances)
around the parasite.

Microscopic analysis showed crypts regularly arranged throughout
the stomach mucosal, varying in number, size and depth, depend-
ing on the region of the stomach.

Discussion

Variation in the quantity of erythrocytes, hematocrits and
hemoglobins is related to the physiological aspects of the
breathing and feeding habits of fish (Ranzani-Paiva et al., 2000).
These researchers, analyzing H. malabaricus, found Hb values of
6.6 g.dL". In the present study Hb values in lakes were extremely
low (2.32). The mean values of infection intensity of L3 larvae of
Contracaecum sp. correlated significantly with Hct (%) and MCV
parameters, which is possibly related to the passage of larvae

Fi. 2. A (*). Fundic region of stomach of Hoplias malabaricus with high intensity of Contracaecum sp.; B (*). Pyloric region of the stomach, where

lesions caused by larvae of Contracaecum sp were not observed

An analysis of the control histological sections (Fig. 3) showed a
well-developed, highly vascularized mucosal, with high, rounded
folds. The slide is comprised of loose connective tissue of the tu-
bular glands with a high number of acidophilus cells and few baso-
philic cells opening within the crypts. The mucosal musculature is
evident, and is formed by smooth muscle fibers. The submucosal
layer, which is non-glandular, is well developed and irrigated, com-
prised of loose connective tissue and has smooth muscle fibers.

from the stomach to the mesentery in the form of a hemorrhage.
According to Ueda et al., (1997), the mean number of total throm-
bocytes in freshwater teleosts may vary from 2,000 to 68,400 L™
of blood. Camargo et al., (1986) found a variance of 28,200 to
76,000 pL* of blood in H.malabaricus. In the present study, the
number of thrombocytes of fish in the lakes was lower, most prob-
ably due to the defense mechanism of the parasite in relation to
the immune system of the host.
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Fig. 3. Photomibroraphs of histoldgical sections f stomach H. malabaricus. Fixed in Bouin, stained with H&E. Increase.

A - Photomicrographs of gastric wall: 1 — mucosal; 2 — submucosal; €, 3 — muscular layer. B — coloring included: Masson's Trichrome. Same arrangement as
Figure 3A - with submucosal highlighted in blue. Bar=200um

However fish with the relative condition factor of anemia, an in-
dicator of the degree of healthiness of fish, remained unaltered.
There was no significant alteration of Kn, due to these larvae being
acquired through digestion, and their accumulation may interfere
significantly with the weight of fish. The aggregation of parasites in
the host population may increase with the age of the host (Lizama
et al.,. 2006).

According to these results, the highest relative condition factors
were found in the more infected fish, showing that these fish are
capable of withstanding a greater number of parasites, corrobo-
rating the findings of Moore (1987); Cone (1995) and Lizama et
al., (2006).

The gastric glandular cells were not classified in the present study.
Microscopic analysis revealed cells with granular content in the
cytoplasm. Stoskopf (1993) found that the gastric glandules are
formed of oxintopeptic cells.

A high infection intensity of Contracaecum sp. resulted in lesions
to the tissues of the mucosal of the fundic region of the stomach
of H. malabaricus, caused by the erosive and mechanical action of

-~ T as

Fig. 4. Photomicrographs of histological sections of stomach of H. malabaricus. Fixed in Bouin, stained with H&E and Masson’s Trichrome. A - Gastric mucosal totally

the larvae and tissue destruction, with likely digestive consequen-
ces. The large number of larvae (Group 1) did not alter the pattern
of the lesions, but resulted in more extensive lesions.

In relation to the presence of larvae of Contracaecum sp., previ-
ous studies have also found high levels of infection intensity in H.
malabaricus (Machado et al., 1996; Guidelli et al., 2003; Martins et
al., 2003; Madi & Silva 2005; Martins et al., 2005). The high prev-
alence of Contracaecum sp. observed in the present study may
be due to piscivorous birds frequenting the lakes. Such birds in-
clude White crane (Casmerodius alba), Brazilian teal (Amazonetta
brasiliensis), Cocoi heron (Ardea cocoi), Green kingfisher (Choro-
ceryle americana), Ringed kingfisher (Ceryle torquatus), Neotropic
cormorant (Phalacrocorax brasilianus), American darter (Anhinga
anhinga) and Snowy egret (Egretta thula).

Paraguassu et al., (2005) attributed a high infection intensity by
larvae of Contracaecum sp. in H. malabaricus to possible preying
on smaller fish, resulting in a cumulative infection. However, this
study found a prevalence of 14 % of Contracaecum sp, which dif-
fered greatly from the values of the present study, which reported a

and/or partially destroyed —; presence of larvae of Contracaecum sp., in the submucosal (hypertrophied) encapsulated larvae near loose connective tissue.
B - Coloring included: Masson's Trichrome. Same arrangement as Figure 4A- Submucosal highlighted in blue. Bar= 200um

100



prevalence of 96.2 %, mean infection intensity of 196.3 parasites/
fish, mean abundance of 192.1, and 35,926 larvae.

It may be suggested that infection intensity was influenced by the
sex of H. malabaricus, with a greater intensity among males. This
finding differs from the results of Machado et al., (2002), who re-
ported that a higher number of larvae among females. This diver-
gence may be due to behavioral and dietary similarities between
males and females in the study environment. Recently the studies
of Corréa et al., (2013) in 61 H. malabaricus in oxbow lakes of the
Mogi-Guagu River, showed a high abundance of 90.4 % for Con-
tracaecum sp., with greater infection among males than females.
In the present study, however, the abundance of the group of
Contracaecum sp. nematodes were significantly higher among fe-
males of H. malabaricus than in the study by Corréa et al., (2013).
Other authors relate the intensity of parasites to the size and sex
of the host. In a study by Loureiro et al., (2012) of Cetengraulis
edentulus with the isopod parasite Livoneca desterroensis, from
estuaries in the north of Brazil, it was found that this parasite cau-
ses more stress, resulting in a change in the growth and deve-
lopment of the host, although the type of parasitism was different
to Contracaecum sp. Takemoto and Pavanelli (2000), describing
aspects of the ecology of proteocephalid cestode parasites of Sur-
ubim fish (Pimelodidae), which are endoparasites. Changes were
found as a result of the sex of the host, serving to corroborate the
data found this role.

The results of the present study corroborate those of Von Zuben
(1997), who found that the aggregation of parasites in the host
population may increase with the age of the host, as larger fish
possessed a greater quantity of larvae of Contracaecum sp.
Considering the results of the present study, it may be suggested
that a high intensity of infection by larvae of Contracaecum sp.
altered the hematological variables of H. malabaricus, as well as
creating an imbalance in the host/parasite relationship.
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