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Evaluation of  albendazole treatment on coagulation profile in sheep naturally 
infected with Dicrocoelium dentriticum

Hasan ERDOĞAN1, Mehmet GÜLTEKİN1, Kerem URAL1, Yasin PARLATIR1, Adnan AYAN2 , Songül 
ERDOĞAN1, Serdar PAŞA1

ABSTRACT
The aim of  the present study was to evaluate the selected coagulation profile parameters in sheep 
naturally infected with Dicrocoelium dentriticum and effects of  albendazole treatment. For this reason, 34 
merino sheep, aged between 1 and 3 years, naturally infected with Dicrocoelium dentriticum were enrolled 
in the present study. Plasma and stool samples were withdrawn from each animal before and 10 days 
after treatment and egg per gram feces were evaluated with Mc Master technique. Prothrombin time, 
activated partial thromboplastin time and fibrinogen levels were determined by semiautomated coagu-
lometer by using commercial test kits before and 10 days after treatment. Noticeable clinical recovery 
was detected in all animals after albendazole treatment. There were significant differences on proth-
rombin time and fibrinogen levels (p<0.001) between treatment intervals. In conclusion, this is the first 
study for selected coagulation parameters before and after albendazole treatment for ovine patients na-
turally infected with Dicrocoelium dentriticum. It should be mentioned that the treatment resulted in lower 
prothrombin time and fibrinogen values, suggesting that dicrocoeliasis might alter coagulation profile 
and possibly induce an acute phase response. Furthermore, the clinical relevance in ovine medicine and 
related results possibly interacting to human medicine has to be determined by future studies.

Dicrocoelium dentriticum ile doğal enfekte koyunlarda albendazolün pıhtılaşma pro-
fili üzerine olan etkisinin değerlendirilmesi

ÖZ
Bu çalışmanın amacı, Dicrocoelium dentriticum ile doğal olarak enfekte koyunlarda albendazolün seçili 
pıhtılaşma parametreleri üzerine etkilerinin değerlendirilmesidir. Bu amaçla çalışmaya Dicrocoelium dentri-
ticum ile doğal enfekte 3-6 yaşları arasındaki 34 merinos ırkı koyun dahil edildi. Her hayvandan sağaltım 
öncesi ve sağaltımdan 10 gün sonra plazma ve dışkı örnekleri alınarak gram dışkıdaki yumurta saçılımı 
Mc Master tekniği ile değerlendirildi. Protrombin zamanı, aktive edilmiş parsiyel tromboplastin zamanı 
ve fibrinojen düzeyleri, sağaltım öncesi ve sağaltımdan 10 gün sonra ticari test kitleri kullanılarak yarı 
otomatik koagülometre ile belirlendi. Albendazol uygulamasından sonra tüm hayvanlarda belirgin klinik 
iyileşme tespit edildi. Protrombin zamanı ve fibrinojen düzeyleri arasında sağaltım öncesi ve sonrasın-
da önemli farklılıklar (p <0.001) elde edildi. Sonuç olarak bu çalışma Dicrocoelium dentriticum ile doğal 
enfekte koyunlarda albendazolün sağaltımı öncesi ve sonrasında seçili pıhtılaşma parametreleri üzerine 
olan etkisinin incelendiği ilk çalışmadır. Çalışmaya göre elde edilen daha düşük protrombin zamanı 
ve fibrinojen seviyeleri düşünüldüğünde dikrokoliyazisin pıhtılaşma profilini değiştirebileceği ve olası 
akut faz yanıtını tetikleyebileceği akla getirilmelidir. Ayrıca, küçükbaş alanındaki klinik önemi ve beşeri 
hekimlikteki olası ilişkili sonuçlar gelecekteki çalışmalarla belirlenmelidir.
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INTRODUCTION

Dicrocelium dentriticum is a worldwide (Europe, Asia, 
North Africa and North America) helminth parasite of  
humans and animals, including ruminants (1). Dicrocoeliasis 
causes cholangitis and cholangiectasis, while necrotic and 
haemorrhagic areas in the liver, depending on the severity 
of  the infection, have been described in both natural and 
experimental studies (2-4). Treatment costs, loss of  economic 
value in the liver after slaughter, and the digestive disorders, 
have all revealed the importance of  the disease of  ruminants 
(4). 

Kavanagh et al. (5) determined the complex balance 
between hepatobiliary disease and pro- and anticoagulation 
systems in veterinary patients. The liver has a great artitecture 
between hepatocytes and blood vessels for diminishment of  
substances. Hepatic injuries can also damage the capillarisation 
of  sinusoids and result in increases in portal tension (6). The 
liver is the site of  production of  almost all the coagulation 
factors and proteins related to fibrinolysis and anticoagulation; 
acute hepatotoxicity and chronic liver disease can notably 
affect the hepatic synthesis of  these factors. Fibrinogen is a 
glycoprotein synthesized by the liver and converted to fibrin 
by thrombin during blood coagulation also protrombine time 
(PT) and activated partial thromboplastin time (APTT) are 
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widely used for interpreting bleeding tendencies (7).

Within the life span of  D. dentriticum, parasite flukes migrate 
through to the biliary duct system without causing pathological 
alterations in gut wall and liver capsule. The basic pathological 
alterations in the liver tissue are caused by the mechanical 
effect of  migration through bile ducts and toxic metabolites 
secreted by the flukes (3,8). Highly pathogenic infections have 
been observed in humans who inhabit in endemic areas with 
neurological symptoms and functional hepatobiliary disorders 
(9,10). 

In recent years, with the use of  sheep as a models for 
human cardiovascular diseases, studies on the coagulation 
profiles of  sheep have begun to gain prominence (11). To the 
authors knowledge, the coagulation profile in sheep infected 
with D. dentriticum has not been well studied and needs to be 
recognised in both veterinary and human medicine. The aim 
of  the present study was to investigate selected coagulation 
profile parameters (protrombine time (PT), activated partial 
thromboplastin time (APTT), and fibrinogen) in sheep 
naturally infected with D. dentriticum. 

MATERIAL and METHOD

Animals. The study protocol was approved by the University 
of  Adnan Menderes HADYEK unit, institutional laboratory 
animal ethics committee (no: 64583101/2016/198). Informed 
written consent was obtained from the owner prior to 
enrolment.

Thirty-four Merino sheep, aged between one and three 
years, were enrolled in the study. Three of  these animals were 
presented to the Clinics of  Veterinary Medicine, University of  
Adnan Menderes, Aydin, Turkey with a history of  inappetence 
and decreased weight gain. The rest of  the animals were 
examined in the farm. After routine clinical and laboratory 
investigations D. dentriticum oocytes were detected and 
albendazole (Vermiprazol, Hipra, Turkey) were administered 
to all animals at a dose of  15 mg/kg orally for once. 

Sample collection and coagulation tests. A total of  3 ml blood 
samples were obtained from vena jugularis into three percentage 
sodium citrate tubes which were then sent to related lab. 
Afterwards plasma was seperated following centrifugation [via 
3,000 rpm for ¼ hours]. Samples were collected from each 
animal before and 10 days after treatment. The samples were 
stored at 4oC and were measured two hours after collection. 
Citrated plasma samples were used to determine the levels of  
PT, APTT and, fibrinogen by a semiautomated coagulometer 
(C2000-4, Beijing Precil Health İnstrument Co. Semi-Automatic 
Coagulation Blood Analyzer, China) using commercial test 
kits (PT, APTT, and Fibrinogen kit from Long Island Biotec, 
Shanghai, China) according to the manufacturer’s instructions.

PT reaction was based on the tissue thromboplastin 
and calcium to activate the extrinsic pathway and convert 
fibrinogen to fibrin. APTT reaction was added with an activator 
(ellagic acid) and brain cephalin (partial thromboplastin) was 
incubated at 37 Cº for a period of  time to activate factors 

XII and XI of  the intrinsic pathway of  coagulation. Then, in 
the presence of  calcium ions, the fibrinogen was converted 
into insoluble fibrin finally. The time of  plasma coagulation 
after adding calcium chloride measured on the instrument. 
Fibrinogen measurement was based on the standard Clauss 
clothing method.

Parasitological evaluation. Faecal samples from each sheep were 
collected manually from the rectum using a disposable latex 
glove. Samples were kept on ice (for up to one hour) laboratory 
examination. The egg per gram of  feces (EPG) test was 
analysed via the McMaster technique. Prior to the study, a total 
of  4 g of  faeces were mixed with 56 ml of  water. The faecal 
suspension was stabilized for 30 min at 24°C. The obtained 
suspension was drained onto strainer which was forwarded to 
a novel tube, and a 10 ml tube was filled at most with the 
filtered suspension. Afterwards the tube was centrifuged 
for 300 seconds at 1200 rpm, and then the supernatant was 
abolished. Few seconds later and prior to initiating the egg 
count, 4 ml of  mixture (saturated sodium chlorure with 500 gr 
glucose per liter of  water) was summated to a centrifuge tube. 
The obtained sediment was reslinged, in which both sides 
of  the McMaster counter chamber were permeated. The full 
filled McMaster chamber was stabilized for 180 to 300 seconds 
prior to the counting procedure. The EPG was calculated by 
multiplying the total number of  eggs within the McMaster 
slide, as described previously (12). The observed helminth eggs 
visualized were determined via standard parasitological criteria 
(13). EPG counts were solely detected immediately prior to 
treatment applications and 10 days thereafter, following the 
albendazol prescription (Figure 1).

Statistical analyses. Descriptive statics were obtained and 
homogeneity tests were performed and Statistical evaluation 
of  PT, APTT and fibrinogen values before and after treatment 
were performed with non-parametric Wilcoxon test. All 
statistical analyses were carried out using SPSS Software Ver. 21 
(IBM, Chicago, IL, USA), p<0.05 was considered significant.
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Figure 1. Dicrocelium sp. egg in feaces. (McMaster technique)



RESULTS

Egg output and microscopic positivity was recorded in 
all 34 sheep. Prior to treatment, EPG ranged from 4.000 to 
12.000. After treatment, eggs were detected in only one of  the 
34 sheep. One hundred EPG were found in this sheep.

Clinical recovery was achieved in animals after albendazol 
administration, as detected by the authors (Erdogan, Ural, and 
Pasa) on field examination performed on a weekly basis for 
twice. No side effects due to albendazole administration were 
observed.

Regarding coagulation parameters there were significant 
differences (p=0.001, p=0.00) observed in median values 
of  PT and fibrinogen before and after treatment, while no 
significant difference was observed in APTT values (Table 1)

DISCUSSION

Some parasites in domestic animals and particularly in 
ruminants such as Schistosoma bovis are potential causes of  
haemostatic disorders. This parasite shows fibrinolytic activity 
by utilizing the proteins, namely annexin, to make haemostatic 
changes such as bleeding diathesis and anticoagulant properties 
(14). Similarly, there are protein constructs on D. dentriticum 
that also provide a way to regulate RNAase digestion and 
host-parasite interaction in body fluids (15). These proteins 
provide a way to regulate host–parasite interplay and increases 
the severity of  liver damage. Haemostatic disorders that cause 
bleeding may occur by in cases of  hepatitis and are in a clearly 
correlated with the deterioration of  the liver parenchymal 
cell. No changes are observed in patients with mild hepatitis 
however there may be slight decreases in factor VII and vitamin 
K-related factors (factor II, XI, and X) (16). One of  the most 
important organ, liver has well known for its participant role 
for exitence of  coagulation factors, excluding vWF. Taking 
into account debit of  procoagulants due to declined synthesis 
capacity of  liver, might be related to the degree of  injury, and 
thus the prognosis (17). 

Extensions in PT might be determined by using sensitive 
thromboplastin reagents in these patients. Fibrinogen 
concentration in frequently increases to those of  cases 
with liver injury (16, 18). Prothrombin time (PT), foremost 
prognostic biomarker of  prediction among acute liver 
failure cases who are candidates for liver transplantation. 
Fibrinogen and factor VIII, similar to relevant acute phase 
biomarkers elevated, and their gradual decline should denote 
existence of  DIC. Assoicated liver cirrhosis causes decreased 
procoagulant factor concentrations. On the other hand, 
to those of  compensated liver cirrhosis PT frequently is 
within in the reference intervals or cautioulsy prolonged, and 
fibrinogen concentration remains normal (17). Although the 
severity of  parasitic infestations in sheep in the present study 
was not striking, statistically significant alterations in PT and 
fibrinogen levels were observed. Theodoridis et al (19), has 
been reported no significant blood or plasma protein loss in 
sheep infected with up to 4000 D. dendriticum worms, which 

might succinctly explain worm burden and related alterations 
in the gastrointestinal system or coagulation disorders.

Pro-benzimidazole and benzimidazole drugs especially 
albendazole and netobimin were recommended for controlling 
D. dentriticum infections at different doses between 7.5 and 
15 mg/kg orally (20). Abdouslam et al. (21), reported no 
significant changes in PT, APTT, or fibrinogen levels in llamas 
treated with albendazole to control mixed gastrointestinal 
parasites. They explained this situation by the lower levels of  
parasitic infection in the study animals. 

In the present study, increased fibrinogen concentrations 
prior to albendazol treatment might have indicated activation 
of  the coagulation system and potential fibrin formation 
(22). Elevated fibrinogen concentrations prior to treatment 
intervention, could have interfered with the process of  
antigens binding to antibodies (23), which might be capable 
of  suppressing the immune system, similar findings were 
described for prolonged Babesia survival in the circulatory 
system of  dogs (24). The interaction between elevated 
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Parameters Before treatment (n=34) After Treatment (n=34) p-value*
PT (sec)
Median 24.77 15.28 0.001
SE 1.66 2.62
APTT(sec)
Median 43.59 57.37 0.393
SE 2.37 15.92
Fibrinogen (mg/dl)
Median 348.27 133.52 0.00
SE 17.90 20.04

Table 1. PT, APTT and fibrinogen values in sheep (n=34) naturally infected with Dicrocoelium dentriticum before and 10 days after 
treatment with albendazole (15 mg/kg)

*Wilcoxon test, significance p<0,05, SE: Standard Error of  Mean, PT: Prothrombin time, APTT: Activated Partial Thromboplastin Time



fibrinogen levels and the immune system must be discussed 
in depth. During infections that trigger multible responses, 
coagulation might be involved. Among different disorders 
coagulation in relationship with inflammation halt invading 
etiological agents. Innate immune system in respond to 
pathogens might also induce coagulation. Contrarily, the 
protein and cellular compartments of  the immune response 
took role within several disorders. Therefore it should not 
be unwise to draw conclusion that coagulation within the 
vast majority should be a component of  the innate immune 
respond (25). 

In every day practice, fibrinogen is a component of  the 
coagulation cascade, which repairs the inner walls of  the 
blood vessels. Liver failure can alter production of  fibrinogen 
concentration, and it could be suggested that the increased 
fibrinogen concentration should indicates inflammation in 
the liver, as was the case in the present study due to parasitic 
infection. Another explanation could involve fibrinogen, also 
an acute phase protein, which is expected to be increased in 
cases of  inflammation or infection in ruminants (26).   In all 
animal species, fibrinogen elevation begins within one day 
of  tissue injury. However, fibrinogen responses vary from 
species to species and are frequently related to the degree of  
inflammation. Fibrinogen levels increases in acute disease, 
whereas in an appropriate responses, they quickly returns to 
normal. In chronic conditions, the fibrinogen concentratations 
rise and remain at increased levels as long as the underlying 
disease remains (26).

It might be appropriate to draw the conclusion that a 
protective immune response may exists with interaction 
against multiple parasitic infections (27). Gastrointestinal 
nematodes may induce a significant immune response in 
ruminants, leading to protection from subsequent exposure 
(28). Hence host immune alterations affect the existence of  
parasitic infections and may have helped protection against 
relevant negative effects, (28). The resistance and entire 
significance of  host immune alterations differ among and 
within species of  host (29). Beck et al. (30), argued that beef  
cattle herding on a co-grazed pasture caused the transmission 
of  a significant percentage of  the 300 billion D. dendriticum 
eggs that are thought to contaminate Canadaian pasture. 
When comparing the results obtained from the present, study 
there was a significant decrease on fibrinogen levels which 
might be attributed to aforementioned data.

It is also important to note that this study is also limited 
by the lack of  validation of  the analytic performance of  the 
coagulometer for sheep blood. The present authors were unable 
to locate documented reports regarding hemostatic alterations. 
A few limited studies have reported coagulation parameters in 
sheep plasma. In one of  these studies, researchers investigated 
whether Fasciola hepatica alters coagulation parameters in sheep 
plasma in vivo and in vitro (31). The researchers suggested that 
F. hepatica comprises mediators that contribute to coagulation 
changes in vivo. Another study focused on interspecies 
differences in coagulation profiles, and the endogenous 
thrombin potential revealed comparable ranges in sheep and 

humans (32). In the first study, rotation thromboelastometry 
(ROTEM) was preferred fpr analysis; in the second, plasma 
coagulation (APTT, PT, TT, and single clotting factor assays) 
standard ball coagulometer (Sigma, Germany) were preferred 
for analysis. Although it is not very easy to compared different 
methodologies, as far as to the present authors’ knowledge 
no previous study reported validation for the Beijing Precise 
semi-automated coagulometer, which would be the aim of  our 
subsequent study.

For the authors knowledge, no studies were found validation 
of  the analytic performance of  semiautomated coagulometers. 
Different studies should be undertaken to evaluate the 
analytical performance of  coagulometry. The present study is 
limited because of  the selected population of  sheep, for which 
it is well understood that it is difficult to obtaining statistically 
true/number of  samples validation (33).

The other detection limits of  the present study has to 
briefly discussed. The present study was carried out with well 
recognized clinical practice standards. Rigorous inclusion 
and exclusion criteria were deemed available prior to the 
trial to ensure, a presumptive diagnosis of  dicroceoliasis. 
Furthermore the diagnosis, however, was not challenging, as 
a well practiced parasitology specialist was involved within 
this study. In particular, it was also possible to withdraw other 
parasitological conditions interfere within this study. Selection 
bias in breed, age, sex and weight was not apparent, as this 
study was not an experimental one. Detection bias by the 
investigator was, however, likely as this was an open label field 
study. Performance bias was not thought to exist as solely one 
compound was preferred for treatment. Attrition bias was no 
evident as no animal was withdrawn. It is possible that this 
biased towards an expected and well response to treatment, 
as in our study, we found significant reduction in PT times 
and fibrinogen values after albendazole treatment. This should 
be briefly explained by the normalisation of  haemostasis, as 
was also defined by Schulman et al. (34). On the other hand 
someone may speculate the results we obtained in which 
differences were observed in PT and not in APTT. This may 
be related to probable disseminated intravascular coagulation, 
some of  the animals presented unaltered APTT levels

In conclusion, the objective of  this study was to evaluate 
the coagulation profile, with the use of  selected parameters, in 
sheep naturally infected with D. dentriticum and to investigate 
the effect of  treatment. Our results suggest that moderate 
changes might occur within the coagulation parameters among 
D. dentriticum infected sheep.  Obtained alterations available 
within his study might be dedicated to the pro-coagulatory 
efficacy of  the etiological capable of  a) extensive damage in 
the liver through penetration to the bile ducts, b) irritation 
within the bile ducts, c)infectious hepatitis or d) free radicals 
displaying a pivotal role within in the pathogenesis of  parasitic 
infections (35) which counteract with macromolecules and 
nucleic acids resulting with dysfunction of  cellular matrix 
namely oxidative stress. It has been well established that 
oxidative stress, inflammation and coagulation have all been 
engaging.
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