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Abstract

Blood and parasitological parameters of sheep experimentally infected with Haemonchus contortus 
and treated with “mushroom of the sun” (Agaricus blazei) were assessed. Lambs infected with the 
nematode were divided into three groups: treated with basidiocarp powder from the fungus, wormed 
with trichlorfon, and a control group that did not receive anthelmintic. Split-plot design analysis was 
performed where the treatments were defined as plots and four periods of collection were defined as 
subplots. Interaction between the treatments and the collection periods for the fecal egg counts per 
gram of feces (FEC) was observed. Treatment with “mushroom of the sun” showed anthelmintic 
efficacies ranging from 28.6 to 54.2%. Similar performances to weight gain were observed among 
the groups. A significant interaction between treatments and evaluation periods was observed for 
erythrocyte counts, hematocrit value, and serum concentrations of albumin and urea. The values of 
the mean corpuscular volume, erythrocyte distribution width, and leukocyte, neutrophil, lymphocyte, 
monocyte, and eosinophil counts, as well as the mean platelet volume, varied among the collection days. 
The administration of “mushroom of the sun” significantly reduced the FEC, did not influence on the 
erythrocyte count and hematocrit value, which remained within normal limits. However it increased the 
serum concentrations of albumin.
Key words: Agaricus blazei. Alternative control. Haemonchosis. Sheep. Blood profile.

Resumo

Avaliou-se os parâmetros sanguíneos e parasitológicos de ovinos infectados experimentalmente com 
Haemonchus contortus e tratados com “cogumelo do sol” (Agaricus blazei). Cordeiros infectados com o 
nematódeo foram distribuídos em três grupos: tratados com pó do basidiocarpo do fungo, vermifugados 
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com triclorfon e grupo controle, que não recebeu anti-helmíntico. Utilizou-se delineamento em parcelas 
subdivididas, sendo os tratamentos as parcelas e quatro períodos de coletas, as subparcelas. Verificou-
se interação dos tratamentos e dos períodos de coleta para o número de ovos por grama de fezes 
(OPG). O tratamento com “cogumelo do sol” apresentou eficácia anti-helmíntica variando de 28,6% 
a 54,2%, entretanto o desempenho foi semelhante entre os grupos. Verificou-se interação significativa 
dos tratamentos e os períodos avaliados para as contagens de eritrócitos, o valor do hematócrito e as 
concentrações séricas de albumina e ureia. Os valores do volume corpuscular médio, da amplitude de 
distribuição de eritrócitos, as contagens de leucócitos, neutrófilos, linfócitos, monócitos e eosinófilos, 
bem como o volume plaquetário médio variaram entre os dias de coleta. A administração do “cogumelo 
do sol” reduziu o OPG, não influenciou a contagem de eritrócitos e o valor do hematócrito, que estiveram 
dentro dos limites da normalidade, e aumentou significativamente as concentrações séricas de albumina.
Palavras-chave: Agaricus blazei. Controle alternativo. Haemoncose. Ovinos. Perfil sanguíneo.

Introduction

The health condition of animals can be evaluated 
by the determination of blood parameters. However, 
factors such as species, sex, age, physiological 
condition, time of the day, relative humidity, ambient 
temperature, and muscle activity can influence these 
parameters (LACERDA; SOTO-BLANCO, 2006). 

Haemonchosis is caused by the Haemonchus 
contortus, the main gastrointestinal nematode (GN) 
in sheep, and, among the disease of small ruminants, 
it is responsible for high morbidity and mortality. 
This nematode is highly pathogenic promoting 
hematophagy and production of anticoagulant 
factors capable of inhibiting the formation of fibrin, 
inducing bleeding of the submucosal abomasum 
(NICOLODI et al., 2010). The treatment of 
helminthiasis in small ruminants is often performed 
exclusively with synthetic anthelmintics and in a 
non-rigorous way, thus, promoting the selection of 
resistant GN (SOCCOL et al., 1996). Therefore, 
organic production has been supported and 
alternatives for prevention and control using herbs 
and fungi have been the object of study (ALVES et 
al., 2001; HOLSBACK et al., 2013a).

Fungi produce anthelmintic substances and 
represent a promising alternative for the control of 
GN (ARAÚJO et al., 2007). The fungus Agaricus 
blazei, commonly known as “mushroom of the 
sun,” contains several compounds with therapeutic 
and nutritional interest and it has been indicated in 

the complementary therapy of neoplasias and other 
alterations (DIAS et al., 2002; NOVAES et al., 
2011). Although the mechanisms of action have not 
been elucidated yet, the bioactive substances in this 
mushroom have the ability to modulate the immune 
system (NOVAES et al., 2011).

The administration of the aqueous extract of this 
fungus also showed effects against Herpes Simplex 
type 1 (HSV-1) and Bovine Herpes type 1 (BoHV-
1) in HEp-2 cell culture. The extract showed a 
more effective virucidal than therapeutic activity 
for both viruses and a greater efficacy against the 
HSV-1 (BRUGGEMANN et al., 2006). In another 
study, mice infected with Leishmania amazonensis, 
L. chagasi, and L. major showed a significant 
reduction in the number of parasites in different 
organs. Moreover, no side effects were observed 
and an enhanced effectiveness was attained 
compared to those by conventional drugs such as 
amphotericin B (VALADARES et al., 2011). The 
aqueous extract of A. blazei was also effective in the 
control of Plasmodium berghei in experimentally 
infected mice, thus, representing an alternative for 
the treatment of malaria (VAL et al., 2015).

Little is known about the anthelmintic effect 
and the potential benefits of treatment with A. 
blazei in animals infected by GN. In this study, 
blood and parasitological parameters of sheep with 
a high infection of H. contortus and treated with 
“mushroom of the sun” were assessed.
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Material and Methods

The experimental work was performed at the 
Institute of Agricultural Sciences of the Federal 
University of Minas Gerais (ICA/UFMG), located 
in Montes Claros, a semiarid region in the state of 
Minas Gerais (latitude 16°44′06′′S and longitude 
44°55′00′′). All procedures were approved under 
the Protocol 42/2008 by the Ethics Committee on 
Animal Experimentation of the UFMG.

The studied sample comprised of 30 male 
crossbreed sheep of the breed Santa Ines, with 
an average body weight (BW) of 27.5 kg and 
previously wormed to present zero FEC. The 
animals were experimentally infected via oral 
uptake of 800 larvae of H. contortus per 10 kg 
BW. After twenty-one days, 15 animals with FEC 
greater than 3,000 were selected and suitably 
grouped in order to obtain homogeneous and high 
FEC average. The first group received 11.14 g of 
“mushroom of the sun” powder kg-1 BW (based on 
dry matter [DM]); the second was treated orally 
with 10 mg·kg-1 of trichlorfon, and the third was not 
treated (control). Each group remained confined in 
stalls for a total of 45 days, including the 15-day 
period of adaptation. The experimental diet was 
balanced with a concentrate:voluminous ratio of 
60:40 for an average daily weight gain of 200 g, 
according to the National Research Council (NRC, 
2007) guidelines. Food was provided at 08:00 am 
and 04:00 pm, with water ad libitum. 

Basidiocarps of the “mushroom of the sun” 
were produced organically and purchased 
at the “Mushroom of the North Producers 
Association of Minas and Vale do Jequitinhonha” 
(APROCONOVA), Brazil. The samples were 
ground in a mill and stored in dark paper bags at 
room temperature for two weeks to obtain the raw 
powder. The amount of DM was determined using 
subsamples dried at 105 °C to calculate the tested 
concentration as recommended by the Association 
of Official Analytical Chemists (AOAC, 1990). 

The animals were housed in metabolic cages 

during the first three days of the experiment for 
administration of the fungus. After 12 h of fasting, 
11.14 g DM kg-1 BW were administered along with 
12 g·kg-1 BW of concentrate, on two consecutive 
days. On the third day of the experiment, after 
mushroom intake, the animals were re-housed in 
stalls. During the experimental period, the animals 
were inspected daily to check for possible changes 
in behavior, presence of submandibular swelling, 
weakness, and assessment of the ocular mucosa.

Parasitological collections, weighing of animals 
heavily infected with H. contortus, and blood tests 
were performed in the morning, after 12 h of fasting, 
on days 0, 7, 14, and 21, in the months of November 
and December. The animals’ feces were collected 
after blood collection. Five to seven grams were 
directly obtained from the rectum of each animal and 
maintained at 5 °C for subsequent FEC. The mean 
value of FEC per animal was determined according 
to the technique described by Whitlock (1948), by 
using a saturated solution of sodium chloride and 
microscope readings with a 10× objective in two 
McMaster chambers for each sample. The efficacy 
of the products was estimated using the equation 
described by Coles et al. (1992):

Efficacy = [1- (FEC t / FEC c)] × 100

FEC t = average egg count per gram of 
feces for the group of treated animals. 
FEC c = average egg count per gram of feces for the 
control group.

Identification and confirmation of monoinfection 
by H. contortus was performed by coproculture 
(UENO, 1995); 100 third-stage larvae were identified 
from each animal, according to Keith’s key (1953). 
After feces and blood collection, the sheep were 
also weighed for performance evaluation.

Blood samples were obtained from the 
jugular vein and collected in tubes containing 
ethylenediaminetetraacetic acid (EDTA) 
anticoagulant. The tubes were stored in isothermal 
containers with ice and sent to the Clinical 
Pathology Laboratory where the blood analysis 
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were performed (BC 2.800 Vet, Mindray Medical 
International LTD, Shenzhen, China). Blood 
samples for biochemical dosages were collected in 
flasks without the anticoagulant. The determination 
of the serum concentrations of total protein, 
albumin, creatinine, and urea was performed using 
commercial kits (Bioclin, Quibasa Basic Chemistry 
Ltd., Belo Horizonte, MG, Brazil). The following 
techniques were used, respectively: biuret method, 
bromocresol green method, acidification with picric 
acid method, and colorimetric enzymatic method via 
urease and ammonia formation, which at alkaline 
pH and in the presence of salicylate and sodium 
hypochlorite, gives a greenish compound. The 
readings were obtained using a spectrophotometer 
(BIOPLUS BIO 2000). The total globulin 
concentrations were obtained from the difference 
between the concentrations of total protein and 
albumin (PAYNE; PAYNE, 1987).

The experiments were carried out in a split-plot 
arrangement with treatments defined as parcels and 
periods of collection as the subplots. FEC values 
were transformed into log10 (x + 10) for statistical 

analysis. Analysis of variance of the data was 
carried out using the System for Statistical Analyses 
and Genetics (SAEG, 9.1). The mean values were 
compared using the Student-Newman-Keuls or 
Scott-Knott tests at 5% probability, following 
Sampaio (2007).

Results

The animals treated with “mushroom of the 
sun” showed good acceptance of the product, and 
no behavioral changes were observed during the 
experiment. Interaction between the treatments 
and the collection periods for assessment of the 
FEC was observed (Table 1). The FEC average 
of sheep treated with “mushroom of the sun” was 
significantly lower than that of untreated sheep 
after seven days of treatment. The use of trichlorfon 
induced a significant and effective reduction of FEC 
averege after the same period. The treatments did 
not influence the body weight of lambs and 21 days 
after treatments, the BW averages were higher than 
other periods (p < 0.05, Table 2).

Table 1. Mean fecal egg count (FEC) of Haemonchus contortus before and after post-treatment with the dry powder 
Agaricus blazei (11.14 g/g bw) or triclorfon (10 mg/g bw).

Treatment Before treatment One week Two week Three week
FEC FEC %* FEC %* FEC %*

A.blazei 3.127 Aa 2.223 Cb 28.6 2.1 Cb 54.2 3.020 Bb 33.3
Triclorfon 3.054 Aa 6.66 Bc 99.8 0.0 Cc 100.0 0.000 Cc 100.0
Untreat 3.325 Ca 3.113 Da 4.6Aa 4.530 Ba

Lowercase letters in columns and capital letters in rows indicate significant differences (P ≤ 0.05 in Scott-Knott test). 
* % efficacy = 100 x (1 – mean of L1/ mean eggs + L1).

A significant interaction was observed between 
the treatments and collection periods for red blood 
cell counts and hematocrit values. A lower mean 
corpuscular volume and reduced relative amplitude 
of erythrocyte distribution were found on days 
7 and 14 and on days 7, 14, and 21, respectively 
(Table 3). On the twenty-first day, sheep treated 
with trichlorfon showed increased number of 

erythrocytes and hematocrit value than other groups. 
However, all the average values were found within 
the normal range for the species (Table 3). The 
lambs were physically healthy, showing no signs of 
submandibular edema, weakness, or inappetence, 
and a Famacha© score between one and two was 
observed for the ocular mucosa.
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Table 2. Average values weight of sheep of haemonchosis treated with dry power Agaricus blazei (11.14 g/g bw) or 
triclorfon (10 mg/g bw) and untreated animals at different periods.

Treatment Zero day One week Two week Three week
A.blazei 25.30 a 25.12 a 25.82 a 26.36 a
Triclorfon 29.60 a 29.40 a 29.46 a 30.14 a
Untreat 28.40 a 28.26 a 27.90 a 28.24 a
*Interaction period 27.58 B 27.62 B 27.72 B 28. 24 A

Lowercase letters in columns and capital letters in rows indicate significant differences (P ≤ 0.05 in Student-Newman-Keuls (SNK) 
test). 

Table 3. Mean values of erythrocytes, hemoglobin, hematocrit, mean corpuscular hemoglobin concentration, 
corpuscular hemoglobin concentration, mean corpuscular volume and amplitude distribution of erythrocytes in sheep 
with haemonchosis treated with Agaricus blazei (11.14 g/g bw) or triclorfon (10 mg/g bw) and untreated animals at 
different periods.

Treatment Zero day One week Two week Three week Referencea

Erythrocytes (x106/μL)
A. blazei 11.46 Aa 11.28 Aa 10.93 Aa 11.45 Ab
Triclorfon 10.68 Ba 11.21 Ba 11.68 Ba 12.82 Aa 9 – 15
Untreated 10.29 Ba  11.96 ABa  11.25 ABa  11.52 ABb

Hemoglobin (g/dL)
A.blazei 10.38 Aa 10.20 Aa 09.22 Aa 10.60 Aa
Triclorfon 10.02 Aa 10.74 Aa 10.82 Aa 12.20 Aa 9 –15 
Untreated 10.26 Aa 10.98 Aa 10.44 Aa 11.08 Aa

Hematocrit (%)
A.blazei 32.20 Aa 30.28 Aa 30.00 Aa 32.68 Ab
Triclorfon 30.56 Ba 31.72 Ba 33.42 Ba 37.24 Aa 27- 45 
Untreated 29.16 Ba 33.00 ABa 31.48 ABa 33.28 ABb

Corpuscular hemoglobin concentration (pg)
A.blazei  9.06 Aa  9.00 Aa  8.98 Aa 9.26 Aa
Triclorfon  9.36 Aa  9.56 Aa  9.24 Aa 9.51 Aa 8 –12 
Untreated 11.76 Aa  9.12 Aa 9.28 Aa 9.60 Aa

Mean corpuscular hemoglobin concentration (g/l)
A. blazei 32.30 Aa 33.64 Aa 32.92 Aa 32.28 Aa
Triclorfon 32.76 Aa 33.86 Aa 32.38 Aa 33.80 Aa 31-34 
Untreated 33.02 Aa 33.28 Aa 33.16 Aa 33.28 Aa

Mean corpuscular volume(fl)
A.blazei 28.16 a 26.96 a 27.56 a 28.72 a
Triclorfon 28.86 a 28.52 a 28.80 a 29.24 a 28 – 40 
Untreated 28.99 a 27.62 a 28.10 a 28.96 a
Interaction period 28.97 A 27.69 B 28.15 B 28.97 A

Amplitude distribution erythrocytes (%)
A.blazei 17.54 a 18.14 a 18.36 a 19.72 a
Triclorfon 17.50 a 18.12 a 18.22 a 18.31 a *
Untreated 18.40 a 18.94 a 19.28 a 19.66 a
Interaction period 17.81 C 18.40 B 18. 62 B 19.23 A

Lowercase letters in columns and capital letters in rows indicate significant differences (P ≤ 0.05 in Student-Newman-Keuls (SNK) 
test). aReference range for healthy sheep (PUGH, 2004). *Not found in the literature.
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A significant difference was observed between the 
assessment periods for total leukocyte, neutrophil, 
lymphocyte, monocyte, and eosinophil counts 
(Table 4). The mean leukocyte count was greater 
on day zero and the neutrophil count decreased on 
days 14 and 21 post-treatment (p < 0.05) for both 
lamb groups. Despite all the average values being 
within the reference limits, lymphocyte average 

values were significantly higher at days zero and 
14 (Table 4). The monocyte and eosinophil average 
counts were greater on day 7 (p < 0.05) (Table 4). 
The mean values of basophils did not change with 
the treatment or evaluation periods, ranging from 
0 to 0.042/µL. The thrombograms were similar (p 
> 0.05) among the treatments and the assessment 
periods, with the plateletcrit average values ranging 
from 0.162 to 0.227% (Table 5).

Table 4. Mean values for leukocytes, neutrophils, lymphocytes, monocytes and eosinophils in sheep with haemonchosis 
treated with Agaricus blazei (11.14 g/g bw) or triclorfon (10 mg/g bw) and untreated animals at different periods.

Treatment Zero day One week Two week Three week Referencea

                                        Leukocytes (µL) 
A. blazei 8.900 a 8.520 a 8.140 a 6.940 a
Triclorfon 10.100 a 8.580 a 8.860 a 8.260 a 4.000 – 12000 
Untreated 8.460 a 7.200 a 6.560 a 6.460 a
Interaction Periodb 9.150 A 8.100 B 7.850 B 7.200 B

Lymphocytes (µL)
A. blazei 4.702 a 4.211 a 4.983 a 4.732 a
Triclorfon 5.408 a 3.879 a 6.163 a 4.861 a 2.000 – 9.000 
Untreated 4.144 a 3.816 a 4.005 a 3.621 a
Interaction Periodb 4.750 A 3.960 B 5.050 A 4.280 B

Neutrophils (µL)
A. blazei 3.956 Aa 3.614 Aa 2.932 Aa 2.431 Aa
Triclorfon 4.618 Aa 4.150 Aa 2.527 Aa 3.202 Aa 700 – 6.000
Untreated 4.231 Aa 3.005 Aa 2.407 Aa 2.730 Aa
Interaction periodb 4.260 A 3.590 B 2.620 C 2.708 C

Monocytes (µL)
A. blazei 0.051 a 0.284 a 0.000 a 0.012 a
Triclorfon 0.000 a 0.310 a 0.019 a 0.000 a 0 – 750 
Untreated 0.006 a 0.124 a 0.019 a 0.000 a
Interaction Periodb 0.019 B 0.239 A 0.013 B 0.004 B

Eosinophils (µL)
A. Blazei 0.166 a 0.372 a 0.202 a 0.134 a
Triclorfon 0.071 a 0.119 a 0.147 a 0.187 a 0 –1000 
Untreated 0.098 a 0.246 a 0.125 a 0.082 a
Interaction periodb 0.112 B 0.272 A 0.158 B 0.134 B

Lowercase letters in columns and capital letters in rows indicate significant differences (P ≤ 0,05 in Student-Newman-Keuls (SNK) 
test). aReference range for healthysheep (PUGH, 2004).

Animals treated with trichlorfon and “mushroom 
of the sun” showed progressive recovery of albumin 
concentration, returning to the baseline level after 
21 days, unlike that in the control group (Table 6). 
The concentrations of serum creatinine were similar 

between treatments and evaluation periods. The 
serum urea concentrations significantly increased in 
the group treated with “mushroom of the sun” after 
the sixth day (Table 6).
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Table 5. Mean value of platelet, amplitude distribution of platelet and mean platelet volume of sheep with haemonchosis 
treated with Agaricus blazei (11.14 g/g bw) or triclorfon (10 mg/g bw) and untreated animals at different times.

Treatment Zero day One week Two week Three week
Platelet (10³ )/µL

A.blazei 520.52 Aa 537.00 Aa 475.60 Aa 483.80 Aa
Triclorfon 501.12 Aa 420.20 Aa 464.40 Aa 458.80 Aa
Untreated 475.30 Aa 492.00 Aa 586.00 Aa 510.00 Aa

Amplitude distribution platelet (%)
A.blazei 14.96 Aa 14.88 Aa 14.94 Aa 14.94 Aa
Triclorfon 15.08 Aa 15.02 Aa 15.00 Aa 15.04 Aa
Untreated 14.84 Aa 14.94 Aa 14.80 Aa 14.86 Aa

Mean platelet volume (fl)
A.blazei 3.94 Aa 3.82 Aa 3.80 Aa 3.98 Aa
Triclorfon 3.50 Aa 3.88 Aa 3.88 Aa 3.92 Aa
Untreated 3.77 Aa 3.88 Aa 3.88 Aa 3.90 Aa

Lowercase letters in columns and capital letters in rows indicate significant differences (P ≤ 0.05 in Student-Newman-Keuls (SNK) 
test. 

Table 6. Mean value of protein , albumin, globulin, urea and creatinine to sheep treated with Agaricus blazei (11.14 
g/g bw) or triclorfon (10 mg/g bw) and untreated animals at different periods.

Treatment Zero day One week Two week Three week Referencea

Protein (g/dL)
A.blazei 6.010Aa 6.027 Aa 6.027 Aa 6.214 Aa
Triclorfon 6.654 Aa 5.820 Aa 6.312 Aa 6.072 Aa 6 – 7.9
Untreated 6.514 Aa 6.284 Aa 6.352 Aa 6.338 Aa

Albumin (g/dL)
A.blazei 1.88 Cb 1.74 Da 2.19 Ba 2.41 Ab
Triclorfon 1.09 Db 1.11 Cb 2.19 Ba 2.55 Aa 2.4 – 3
Untreated 2.92 Aa 1.99 Ba 1.85 Cb 1.58 Dc

Globulin (g/dL)
A.blazei 4.106 Aa 4.021 Aa 3.837 Aa 3.806 Aa
Triclorfon 5.565 Aa 4.708 Aa 4.123 Aa 3.521 Aa 3.50 – 5.70
Untreated 3.592 Aa 4.294 Aa 4.506 Aa 4.763 Aa

Urea (mg/dL)
A. blazei 27.00 Ca 21.00 Da 29.80 Aa 28.60 Ba
Triclorfon 15.40 Db 23.40 Ca 26.40 Ab 23.80 Bb 17 – 42.8
Untreated 14.00 Db 26.00 Aa 19.60 Bc 16.80 Cc

Creatinine (mg/dL)
A. blazei 0.985 Aa 0.837 Aa 1.118 Aa 1.014 Aa
Triclorfon 1.085 Aa 1.016 Aa 0.987 Aa 1.079 Aa 1.2 – 1.9
Untread 1.063 Aa 1.022 Aa 0.941 Aa 0.985 Aa

Lowercase letters in columns and capital letters in rows indicate significant differences (P ≤ 0,05) in Scott-Knott test. aReference 
range for healthysheep (PUGH, 2004).
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Discussion

Control of haemonchosis in small ruminants 
is performed with anthelmintic drugs, thus, 
favoring the selection of resistant nematodes and 
possible accumulation of residues in the food and 
environment. Therefore, alternative treatments 
have been continuously investigated (SOCCOL et 
al., 1996, HOLSBACK et al., 2013a). In this study, 
we observed a significant reduction (up to 54.2% 
efficacy) of FEC in animals treated with A. blazei. 
In an in vivo study where fungi were used in the 
sheep diet, Alves et al. (2003) reported an efficacy 
of 88.8% in the reduction of FEC in animals treated 
with 20 g of Monacrosporium thaumasia, twice a 
week. Weekly doses of 2 to 2.5 g of mycelia from 
this fungus were effective in reducing the FEC 
number and resulted in greater BW gain than that 
in other groups (ARAÚJO et al., 2007). These 
results indicate that the use of fungi in controlling 
haemonchosis might be a promising alternative, 
contributing to a reduction of worming with 
recourse to synthetic products.

In this study, the animals received diets designed 
to promote BW gains greater than 200 g per day. 
Thus, possible changes caused by haemonchosis 
were attenuated and did not promote significant 
clinical changes in blood parameters during the 
assessment period. Appropriate diets can reduce 
the pathogenesis of H. contortus, since high levels 
of protein can improve tolerance to the adverse 
consequences of parasitism (MOLENTO et al., 
2013).

The erythrocyte count was found to be within 
normal values (PUGH, 2004) despite the high 
initial FEC number. The average was greater at 21 
days after worming with trichlorfon (Table 3). The 
increase in the number of erythrocytes in this group 
is possibly related to lower blood spoliation by the 
seventh day, since the drug has high anthelmintic 
efficacy (99.8 to 100%).

Sheep infected with H. contortus can lose one-
fifth of the total volume of circulating erythrocytes 

per day, with the resultant pathogenic effects being 
associated to the host’s inability to compensate 
for this spoliation. Among the main factors that 
can assist the response to parasitosis is balanced 
nutrition (BOWMAN, 2010).

The average hematocrit was found to be within the 
normal range for sheep. This parameter indicates the 
degree of anemia of the animal, being important for 
assessing hematophagous parasites (SOTOMAIOR 
et al., 2007). In cases of acute haemonchosis, 
anemia is characterized by a continuous reduction 
of the hematocrit, and values below 15% are 
concomitant with weakness, indicating a bad 
prognosis (BOWMAN, 2010). In another study of 
sheep infected with the nematode, Costa et al. (2011) 
reported normal hematocrit values (24.7 to 29.6%) 
in untreated animals or treated with anthelmintics. 
The mean corpuscular volume indicates the size 
of the red blood cells, often enhanced in cases of 
anemia, providing an early indication of the volume 
change of the erythrocytes (HARVEY, 2012). The 
values obtained in the present study were found to 
be within the normal range for sheep. 

The average leukocyte count was significantly 
high on day zero for both treatment groups, 
which could be justified by abomasitis caused 
by H. contortus. The animals had already been 
infected for 21 days before the beginning of the 
experiments, thus, corresponding to the acute phase 
of haemonchosis. The results of the leukogram were 
all within the reference values for sheep. In well-
fed animals and in animals with greater resistance to 
worms, a reduction or elimination of nematodes may 
occur, thus, explaining the observation of leukogram 
values within the normal range (AMARANTE; 
SALES, 2007). Parasitized sheep treated with the 
immunostimulants Propionibacterium granulosum 
and Escherichia coli lipopolysaccharide combined 
with albendazole anthelmintic resulted in neutrophil 
mean values ranging from 8.166 to 9.640/μL 
(MARTINS et al., 2012). These values are higher 
than those obtained in the present study. Birgel 
et al. (2012) reported that aggravation of anemia 
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symptoms in goats of the breed Saanen infected 
with worms was correlated with neutrophilia, which 
was not observed in the present study. Normal 
lymphocyte values were observed for the evaluated 
lambs (Table 4). A similar result was observed in 
another study of adult female sheep infected with 
GN (MARTINS et al., 2012).

Not many studies are available in the literature 
showing thrombogram data of sheep infected with 
worms. Therefore, new data to evaluate and describe 
controlled results in animals with haemonchosis 
are necessary. Thrombograms allow evaluating 
hemostasis disorders, contributing to the diagnosis 
and prognosis of different pathologies (FARIAS; 
BÓ, 2010). In this study, the thrombograms were 
similar between treatments and evaluation periods, 
with platelet averages ranging from 420 to 586 (10³/
µL). Sevinc et al. (2013) reported platelet values 
(512 × 10³/µL), platelet distribution width (8.03), 
plateletcrit (0.40%), and mean platelet volume (7.89 
fL) in healthy sheep.

In this study, animals with haemonchosis, at day 
zero of the experiments, showed hypoalbuminemia 
due to abomasitis, which reduces protein digestion, 
and therefore, the absorption of amino acids 
(BRICARELLO et al., 2004). Animals treated 
with A. blazei and trichlorfon recovered albumin 
levels after three weeks of treatment (Table 6). This 
regularization may be associated with FEC reduction 
(Table 1) and improvement of the abomasum mucosa. 
However, this needs to be confirmed in future 
studies. In contrast, animals with haemonchosis and 
untreated animals (control group) showed significant 
reduction in the serum concentration of albumin 
after the seventh day (Table 6) and an increase in the 
FEC mean (Table 1).

In cases of hyperacute haemonchosis, the animal 
may die suddenly because of severe hemorrhagic 
gastritis caused by the hematophagous action 
of the parasite. Moreover, hypoproteinemia and 
hypoalbuminemia may also occur (BRICARELLO 
et al., 2004). Sheep experimentally infected with H. 

contortus, treated with anthelmintic, and receiving 
selenium and vitamin E supplements, showed higher 
serum albumin than that by the group that received 
only supplements (NICOLODI et al., 2010). Sheep 
treated with different anthelmintics showed similar 
albumin concentrations among treatments and 
collection periods. However, a normalized albumin 
concentration at the twenty-fourth day post-
treatment was observed only in the group treated 
with anthelmintic (HOLSBACK et al., 2013b). 

In this study, the serum concentration of urea 
in lambs infected with haemonchosis was close 
to the lower reference limit for healthy sheep. 
The observed reduction might be constrained by a 
deficient protein metabolism as previously reported 
(BRICARELLO et al., 2004). The concentration of 
serum urea directly reflects the amount of protein 
nitrogen ingested or reduction in its absorption 
associated with injuries in the gastrointestinal 
mucosa (RIBEIRO et al., 2004).

Conclusion

Seven days after ingestion of A. blazei 
basidiocarp powder, the FEC of sheep infected with 
H. contortus significantly decreased, and after 21 
days, the serum albumin concentration increased 
to normal values. Treatment with the fungus did 
not influence the blood parameters assessed, thus, 
suggesting that “mushroom of the sun” supplements 
may be a promising and complementary alternative 
in the treatment of haemonchosis.
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