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A B S T R A C T 
 
This study was aimed to investigate serum adenosine deaminase (ADA) activity in calves with 
cryptosporidiosis. Significantly higher serum concentrations of globulin (P<0.01), blood urea 
nitrogen (P<0.01) and creatinine (P<0.01) were found and significantly lower albumin concentration 
(P<0.01) and albumin to globulin (A/G) ratio (P<0.001) in calves with cryptosporidiosis compared 
to healthy calves. Serum adenosine deaminase (ADA) activity was determined as 4.12±0.91 U/l in 
calves with cryptosporidiosis compared to 10.27±1.71 U/l in healthy calves, which was significant at 
P<0.01 level. Serum ADA was negatively correlated with clinical score (P<0.05), which serum total 
protein concentration (P<0.05), serum globulin concentration (P<0.01) and serum A/G ratio 
(P<0.05) were positivity correlated in calves with cryptosporidiosis. From these results we 
concluded that cryptosporidiosis infection is closely related to low serum ADA activity which 
correlated with clinical score and serum total protein, globulin and A/G ratio in calves. The results of 
the present study indicate possible role of ADA in development and progression of 
cryptosporidiosis. 
 
 

INTRODUCTION 
 

 Cryptosporidiosis is a zoonotic disease caused by 
Cryptosporidium spp. of farm animals and human beings 
(Prichard and Fleetwood, 1995; de Graaf et al., 1999; 
Chalmers and Davies, 2010). Disease most often is seen 
in calves 1-4 weeks old and characterized by watery and 
loose diarrhea (Tzipori et al., 1982; Olson et al., 2004). 
Calves less than 2 months of age are especially at much 
greater risk for cryptosporidisosis. It has been reported 
that the prevalance of infection is higher in pre-weaned 
calves (1-8 weeks of age)  than post-weaned calves (3-12 
months of age) (Santín et al., 2008). Other symptoms of 
disease include apathy, anorexia, malabsorption, 
dehydration and low-grade fever. Poor condition, high 
morbidity and low mortality in calves from 
cryptosporidiosis continue to plague the livestock 
industry (de Graaf et al., 1999). Villous atrophy and 
inhibition of mucosal enzyme activity are frequently 
accompanied by inflammation in the intestines 
(O’Donoghue, 1995). Cryptosporidiosis causes 
destruction of the functional mucosal barrier system and 
increase in paracellular permeability of the small intestine 
in neonatal calves (Klein et al., 2008). In severe 
infection, chronic life-threatening diarrhea ensues in 
immunosuppressed cases (Booth, 1985; Mead et al., 
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1991b; Navin et al., 1999; Hunter and Nichols, 2002; 
Leav et al., 2003).  
 Adenosine deaminase (ADA) is an enzyme that is 
found exclusively in lymphocytes and monocytes that 
catalyzes the deamination of adenosine to inosine and 2'-
deoxyadenosine to 2'-deoxyinosine (Gakis, 1996). It has 
been considered essential for the function and maturation 
of blood lymphocytes and monocytes (Ungerer et al., 
1992). It is well known that a decrease in ADA activity is 
associated with number of lymphocytes and supression of 
lymphocyte proliferation and differentation (Bremer et 
al., 1981; Inigo et al., 1992; Tonin et al., 2012). Genetic 
deficiency of ADA causes severe combined 
immunodeficiency disease characterized by inability of 
cellular and humoral immune responses (Giblett et al., 
1972; Hirschhorn et al., 1979; Apasov et al., 2001). 
Decreased (Tripathi et al., 2008; Da Silva et al., 2013) 
and increased (Kontas and Salmanoglu, 2006; Altug et 
al., 2008; Rai et al., 2011) serum activities of ADA have 
been reported in parasitic infections. These reports 
supported that the serum ADA activity might prove 
useful in the evaluation of immune status of various 
parasitic disorders in animals. Ungar et al. (1991) have 
demonstrated that the immune system, particularly T-
lymphocytes are required to resolve Cryptosporidium 
infection in mouse model. However, our knowledge 
about the role of serum ADA activity in bovine 
cryptosporidiosis is still limited. Therefore, the purpose 
of this study was to evaluate serum ADA activity in 
calves with cryptosporidiosis and its relevance to disease. 
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Table I.- Scoring system with clinical findings for diarrheic calves.   
 

Parameters 
 
Temperament Active 0 Sedate 1 Aphatic 2 Coma 3 
Body condition Good 0 Normal 1 Weak 2 Cachexia 3 
Appetite Good 0 Slow sucking 1 Few sucking  2 No sucking 3 
Body temperature oC 38-39.5 0 39.6-40 1 40.1-41 2 38>-41<  3 
Bronchopneumonia No sign 0 Mild 1 Moderate 2 Several 3 
Hair coat Normal 0 Confused 1 Dirty 2 Very dirty 3 
Heart rate 90-130/min 0 111-130/min 1 131-150/min 2 >151/min 3 
Lack of skin elasticity  No sign 0 Mild 1 Several 2 Moderate 3 
Mucosa Normal 0 Pale 1 Anemic 2 
Capillaries Normal 0 Filling 1 Over filling 2 
Eye position in the orbita Normal 0 Moderately sunken  1 Severe sunken 3 
Fossa paralumbalis Normal   0 Moderately sunken 1 Severe sunken 2 
Joints Normal  0 Moderately swollen 1 Severely swollen 3 
Jugular veins filling Immediately 0 Short time  1 Long time/Collapsed 3 
Stool Consistence Solid 0 Soft 1 Liquid  3 
Stool Color Normal 0 Yellowish- greenish 1 Bloody 5 
Smell of stool Normal 0 Bad 1 Very bad 2 
       

 
MATERIALS AND METHODS 

 
Study design, animals and samples 
 This study was conducted in dairy herds in 
Kirikkale between January to March 2014. Eight calves 
with healthy and 10 calves with cryptosporidiosis aged 
between 10-30 day old, male and female and of different 
breeds were used. A complete clinical examination was 
performed on all animals to detect any abnormal findings. 
As shown in Table I, clinical score (CS) of diarrheic 
calves was defined by a numerical scoring system (Sahal 
et al., 1994). Fresh faecal samples were tested for 
Cryptosporidium antigen using the rapid stool test kit 
(Cryptosporidium strip kit, BIO K 155, Bio-X 
Diagnostics, Belgium). For oocysts detection, faecal 
smear staining technique was performed in faecal 
samples collected from calves (Heine, 1982). Briefly, 
twenty grams of fresh faecal specimens were collected 
from calves and homogenized. Fifty µl of faecal 
specimens were mixed a drop of concentrated carbol-
fuchsin solution on glass microscope slides and faecal 
smears were prepared. The slides were dried and under 
the microscope (Leica Microsystems Inc., Illinois, USA) 
using 40x magnification (immersion). 
 Blood samples were collected from the jugular vein 
from each calf into vacutainer tubes without 
anticoagulant. Serum was removed by centrifugation at 
1550 g for 10 min and stored at -80°C until analyses.  
 
Serum biochemistry analyses 
 Total protein, albumin, glucose, blood urea nitrogen 
(BUN), creatinine, aspartate aminotransferase (AST) and 

alanine aminotransferase (ALT) were determined by an 
automatic chemistry analyser (Autolab PM4000, AMS - 
Analyzer Medical System S.r.l., Rome, Italy) using 
commercial test kits (Audit Diagnostics, Ireland). The 
concentration of globulin was calculated by subtracting 
albumin concentration from total protein concentration.  
 
ADA activity assay 
 Measurement of ADA activity was performed by 
spectrophotometric method according to the procedure 
described by Giusti and Galanti (1984). All experiments 
were done in triplicate. Principle of this method based on 
the detection of ammonia by enzymatic deamination of 
adenosine to inosine. The release 1 µmol ammonia from 
adenosine is reflect the 1 unit of ADA. The ADA activity 
is expressed in U/l. 
 
Statistical analysis 
 Assessment of the results was performed using 
Mann-Whitney U test by the SPSS statistical program ve 
rsion 15.0 for Windows (SPSS Inc., Chicago, IL, USA). 
Data are given as mean±SD and P-values lower than 0.05 
were evaluated as significant.  
 

RESULTS 
 
Clinical findings 
 The clinical score of 23.70±4.67 (n=10) was found 
in calves with cryptosporidiosis. Infected calves were 
markedly dehydrated and mildly febrile, depressed and 
anorectic and watery diarrhea containing mucus were 
observed in these animals. 
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 Table II shows concentration of serum biochemical 
components for calves with cryptosporidiosis and the 
control group. Significantly higher serum concentrations 
of globulin (P<0.01), BUN (P<0.01) and creatinine 
(P<0.01) and significantly lower albumin concentration 
(P<0.01) and A/G ratio (P<0.001) was found in calves 
with cryptosporidiosis compared to healthy calves. The 
serum values of glucose, AST and ALT of two groups 
were not significantly different. 
 
Table II.- Serum biochemistry of calves with 

cryptosporidiosis and healthy. 
 

 Control group 
(n=8) 

Affected group 
(n=10) 

   
Tp (g/dl) 6.09±0.42 6.27±0.41 
Alb (g/dl) 3.24±0.18 2.71±0.33* 
Glob (g/dl) 2.86±0.40 3.57±0.49* 
A/G ratio  1.16±0.19 0.77±0.16** 
Glu (mg/dl) 64.13±2.53 61.60±4.37 
BUN (mg/dl) 19.63±2.50 30.26±5.84** 
Cre (mg/dl) 0.94±0.23 1.41±0.32* 
AST (U/l) 17.25±2.37 19.32±2.90 
ALT (U/l) 9.88±1.88 10.80±2.52 
   

A/G, albumin/globulin; Alb, albumin; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; BUN, blood 
urea nitrogen, Cre, creatinine; Glob, globulin; Glu, glucose; Tp, 
total protein. 
* P<0.01, ** P<0.001 compared with the control group (Mann-
Whitney U-test).  
 

 
 

 Fig. 1. Serum adenosine deaminase activity 
of calves with cryptosporidiosis and healthy, Mann 
Whitney-U test, * P<0.01. 

 
 Calves with cryptosporidiosis showed 4.12±0.91 U/l 
of ADA activity in serum, which was significantly lower 
than those found in healthy control calves (10.27±1.71 
U/l) (P<0.01) (Fig. 1).  

 The serum ADA activities (r= -0.758, P<0.05), 
serum total protein concentration (r= -0.826, P<0.01) and 
serum globulin concentration (r= -0.929, P<0.01) were 
negatively correlated with clinical score and were 
positively correlated with serum A/G ratio (r= 0.844, 
P<0.05) in calves with cryptosporidiosis.  
 

DISCUSSION 
 
 Cryptosporidiosis continues to pose threats to health 
of human and animal (Mason et al., 2010; Meireles, 
2010; Wang et al., 2011; Jiang et al., 2014; Mahfouz et 
al., 2014; Raja et al., 2014; Sirisena et al., 2014; Shafiq 
et al., 2015). Infected calves spreads cryptosporidiosis to 
each other or to humans. Study of Dixon et al. (2011)  
indicate that dairy calves pose a greater risk of infection 
humans than beef cattle. Inpankaew et al. (2009) have 
reported that cattle could play a role in zoonotic 
cryptosporidiosis in Thailand. In the cattle farming, 
disease lead to significant economic losses due to slower 
growth rate and death of calves (Tzipori et al., 1982). 
Neonatal calves are quite susceptible to cryptosporidiosis 
and they carry maximum risk for the disease at the age of 
9-12 days (Castro-Hermida et al., 2002). 
Cryptosporidiosis is more likely to cause severe 
symptoms including prolonged diarrhea, dehydration, and 
possibly death in immunosuppressive individuals 
(Tzipori, 1988; Mead et al., 1991a; Hunter and Nichols, 
2002). Several studies have shown that cell-mediated 
immunity plays a major role in recovery from 
Cryptosporidium infection and T-lymphocytes appear to 
be necessary for protection against this infection 
(McDonald et al., 1994; O’Donoghue, 1995; Riggs, 
2002). Innate immune responses also have a significant 
protective role for infection (McDonald et al., 2013). 
Chronic Cryptosporidium parvum infection has been 
reported in congenitally severe combined immune 
deficient mice (Mead et al., 1991b). 
 ADA is believed to play a crucial role in 
lymphocyte maturation which eliminate substances 
foreign to the body such as parasitic agents (Ungerer et 
al., 1992). The deficiency of the ADA results 
lymphopenia and severe combined immunodeficiency 
disease (Giblett et al., 1972; Hirschhorn and Candotti, 
2006). Low lymphocyte ADA activity has been reported 
in human immunodeficiency virus infection characterized 
by suppression of the immune system (Renouf et al., 
1989). Kameoka et al. (1993) reported that direct 
relationship between the CD26 and ADA asserted to 
these interactions may provide a clue for pathophysiology 
of severe combined immune deficiency related to ADA 
deficiency. Lymphocyte ADA activity was found to be 
correlated with the number of lymphocytes in rats 
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infected with leptospirosis (Tonin et al., 2012). The 
serum ADA activity consist of ADA-1 and ADA-2 
isoenzymes. ADA-1 is widely distributed in lymphoid 
tissues, which may contribute to the immune response. 
ADA-2 is produced mainly by monocyte-macrophage 
cell system and plays a role in the defense against 
pathogenic organisms (Ungerer et al., 1992). It has been 
reported that activated monocytes secretes ADA-2 
isoenzyme (Kurata, 1995). Macrophages have been 
reported as extracellular source of ADA-2 in rat model of 
septic peritonitis (Conlon and Law, 2004). 
 ADA activity is used for differential diagnosis and 
evaluation of prognosis of many disease causing cellular 
immune response (Baganha et al., 1990; Blackburn and 
Kellems, 2005). ADA has been demonstrated as potential 
marker of tuberculous pleurisy (Ungerer et al., 1994; 
Baba et al., 2008) and rheumatoid arthritis  (Nalesnik et 
al., 2011). The result of present study showed the 
decreased ADA activity in calves with cryptosporidiosis 
compared with healthy calves. In addition, the serum 
ADA activity correlated well with clinical score, serum 
total protein concentration, serum globulin concentration 
and A/G ratio. The strong correlation of serum ADA 
activity with clinical score may be explained by the major 
role of ADA in the host responses to cryptosporidium 
infection. The measurement of plasma protein fractions 
provides valuable information reflecting prognosis of 
various diseases (Bishop et al., 2000). In this study, the 
increase of serum total proteins and globulin and the 
decrease of serum albumin correlated with serum ADA 
activity in calves with cryptosporidiosis may have been 
result of immune response to cryptosporidium and 
malnutrition causing by diarrhea.  
 A limited number of clinical studies have evaluated 
the ADA activity in parasitic infections. It has been 
reported that low serum ADA activity due to increased 
adenosine level in extracellular fluid of rats 
experimentally infected with Trypanosoma evansi (Da 
Silva et al., 2011). Karaman and co-workers  (2009) 
reported that decreased serum ADA activity in 
Toxoplasma gondii seropositive and Giardia intestinalis 
positive patients compared with controls and they 
postulated that this finding associated with increased 
oxidative stress resulted from parasitic infection. High 
serum ADA activity have been determined in patients 
with visceral leishmaniasis indicating the activation of T-
lymphocytes (Khambu et al., 2007). Decreased serum 
and erythrocyte ADA activity has been demonstrated in 
lambs experimentally infected with Haemonchus 
contortus (Da Silva et al., 2013). Researchers have 
asserted that low ADA activity may be due to 
inflammatory response to this infection and clinical signs 
of the disease. We found that low ADA activity is 

associated with clinical score and serum total protein and 
globulin concentrations and A/G ratio in calves suffering 
from cryptosporidiosis. The results of the present study 
indicate possible role of ADA in development and 
progression of cryptosporidiosis, but further research 
needs to be done in order to fully elucidate the cause and 
the role of observed alterations in ADA activity. 
 
Statement of conflict of interest 
 Authors have declared no conflict of interest. 

 
REFERENCES 

 
Altug, N., Yuksek, N., Agaoglu, Z. T. and Keles, I., 2008. 

Determination of adenosine deaminase activity in cattle 
naturally infected with Theileria annulata. Trop. Anim. 
Hlth. Prod., 40: 449-456.  

Apasov, S. G., Blackburn, M.R., Kellems, R. E., Smith, P. T. 
and Sitkovsky, M. V., 2001. Adenosine deaminase 
deficiency increases thymic apoptosis and causes 
defective T cell receptor signaling. J. Clin. Invest., 108: 
131-141. 

Baba, K., Hoosen, A. A., Langeland, N. and Dyrhol-Riise, A. 
M., 2008. Adenosine deaminase activity is a sensitive 
marker for the diagnosis of tuberculous pleuritis in 
patients with very low CD4 counts. PLOS One, 30: 2788. 

Baganha, M. F., Pego, A., Lima, M.A., Gaspar, E. V. and 
Cordeiro, A. R., 1990. Serum and pleural adenosine 
deaminase: correlation with lymphocytic populations. 
Chest, 97: 605-610. 

Bishop, M. L., Duben-Engelkirk, J. L. and Fody, E. P., 2000. 
Clinical chemistry, 4th ed, Lippincott Williams & Wilkins, 
Philadelphia. 

Blackburn, M. R. and Kellems, R. E., 2005. Adenosine 
deaminase deficiency: metabolic basis of immune 
deficiency and pulmonary inflammation. Adv. Immunol., 
86: 1-41. 

Booth, C. C., 1980. Immunodeficiency and cryptosporidiosis. 
Clinicopathological conference. Br med. J., 281: 1123-
1127. 

Bremer, H., Bauer, I. and Brock, J., 1981. Adenosine deaminase 
activity and immune dysfunction.  Allerg. Immunol. 
(Leipzig), 27: 3-13. 

Castro-Hermida, J. A., Gonzales-Losada, Y. A. and Ares-
Mazas, E., 2002. Prevalence of and risk factors involved 
in the spread of neonatal bovine cryptosporidiosis in 
Galicia (NW Spain). Vet. Parasitol., 106: 1-10.  

Chalmers, R. M. and Davies, A. P., 2010. Minireview: clinical 
cryptosporidiosis. Exp. Parasitol., 124: 138-146.  

Conlon, B. A. and Law, W. R., 2004. Macrophages are a source 
of extracellular adenosine deaminase-2 during 
inflammatory responses. Clin. Exp. Immunol., 138: 14-20. 

Da Silva, A. S., Belle, L. P., Bitencourt, P. E., Souza, V. C., 
Costa, M. M., Oliveira, C. B., Jaques, J. A., Leal, D. B., 
Moretto, M. B., Mazzanti, C. M., Lopes, S. T. and 
Monteiro, S. G., 2011. Activity of the enzyme adenosine 
deaminase in serum, erythrocytes and lymphocytes of rats 



SERUM ADA ACTIVITY IN CALVES WITH CRYPTOSPORIDIOSIS 1037

infected with Trypanosoma evansi. Parasitology, 138: 
201-208.  

Da Silva, A. S., Fausto, G. C., Grando, T. H., Cadore, C. A., 
Pimentel, V. C., Jaques, J. A., Schetinger, M. R. C., 
Lopes, S. T. A., Monteiro, S. G. and Leal, M. L. R.,  
2013. Activities of enzyme adenosine deaminase in serum 
of lambs experimentally infected with Haemonchus 
contortus and treated with selenium and copper. Afr. J. 
Microbiol. Res., 7: 2283-2287. 

De Graaf, D. C., Vanopdenbosch, E., Ortega-Mora, L. M., 
Abbassi, H. and Peeters, J. E., 1999. A review of the 
importance of cryptosporidiosis in farm animals. Int. J. 
Parasitol., 29: 1269-1287. 

Dixon, B., Parrington, L., Cook, A., Pintar, K., Pollari, F., 
Kelton, D. and Farber, J., 2011. The potential for zoonotic 
transmission of Giardia duodenalis and Cryptosporidium 
spp. from beef and dairy cattle in Ontario, Canada. Vet. 
Parasitol., 175: 20-26.  

Gakis, C., 1996. Adenosine deaminase (ADA) isoenzymes 
ADA1 and ADA 2: diagnostic and biological role. Eur. 
Respir. J., 9: 632-633. 

Giblett, E. R., Anderson, J. E., Cohen, F., Pollara, B. and 
Meuwissen, H. J., 1972. Adenosine-deaminase deficiency 
in two patients with severely impair cellular immunity. 
Lancet, 2: 1067-1069. 

Giusti, G. and Galanti, B., 1984. Colorimetric method. In: 
Methods of enzymatic analysis (ed. H.U. Bergmeyer), 
Verlag Chemie, Germany, pp. 315-323. 

Heine, J., 1982. A  simple technic for the demonstration of 
cryptosporidia in feces. Zentralbl. Veterinarmed. B, 4: 
324-327. 

Hirschhorn, R. and Candotti, F., 2006. Immunodeficiency due 
to defects of purine metabolism. In: Primary 
immunodeficiency diseases (eds. H.D. Ochs, C.I.E. Smith 
and J.M. Puck), Oxford University Press, United 
Kingdom, pp. 169-196. 

Hirschhorn, R., Vawter, Jr. G. F., Kirkpatrick, J. A. and Rosen, 
F. S., 1979. Adenosine deaminase deficiency: frequency 
and comparative pathology in autosomally recessive 
severe combined immunodeficiency. Clin. Immunol. 
Immunopathol., 14: 107-120. 

Hunter, P. R. and Nichols, G., 2002. Epidemiology and clinical 
features of Cryptosporidium infection in 
immunocompromised patients. Clin. Microbiol. Rev., 15: 
145-154. 

Inigo, M. A., Tejeda, M. R. L., Tortosa, M. T., Porto, A. S., 
Ugarte, I., Lomas, E. G. and Nestares, A. M., 1992. 
Serum adenosine deaminase in human immunodeficiency 
virus infection. Its relartionship with CD4+ lymphocytes 
and beta 2-microglobulin. Med. Clin. (Barc.), 99: 766-
768. 

Inpankaew, T., Jittapalapong, S., Phasuk, J., Pinyopanuwut, N., 
Chimnoi, W., Kengradomkit, C., Sunanta, C., Zhang, G., 
Aboge, G. O., Nishikawa, Y., Igarashi, I. and Xuan, X., 
2009. Seroprevalence of Cryptosporidium parvum 
infection of dairy cows in three northern provinces of 
Thailand determined by enzyme-linked immunosorbent 
assay using recombinant antigen CpP23. Onderstepoort J. 
Vet. Res., 76: 161-165.  

Jiang, Y., Ren, J., Yuan, Z., Liu, A., Zhao, H., Liu, H., Chu, L., 
Pan, W., Cao, J., Lin, Y. and Shen, Y., 2014. 
Cryptosporidium andersoni as a novel predominant 
Cryptosporidium species in outpatients with diarrhea in 
Jiangsu Province, China. BMC Infect. Dis., 14: 555.  

Kameoka, J., Tanaka, T., Nojima, Y., Schlossman, S. F. and 
Morimoto, C., 1993. Direct association of adenosine 
deaminase with a T cell activation antigen, CD26. 
Science, 261: 466-469. 

Karaman, U., Beytur, L., Kiran, T. R. and Colak, C., 2009. 
Adenosine deaminase level in the serum of the patients 
Toxoplasma gondii seropositive and Giardia intestinalis. 
Afr. J. Microbiol. Res., 3: 654-657. 

Khambu, B., Mehta, K. D., Rijal, S., Lamsal, M., Majhi, S. and 
Baral, N., 2007. Serum nitrite level and adenosine 
deaminase activity is altered in visceral leishmaniasis. 
Nepal Med. Coll. J., 9: 40-43.  

Klein, P., Kleinová, T., Volek, Z. and Simunek, J., 2008. Effect 
of Cryptosporidium parvum infection on the absorptive 
capacity and paracellular permeability of the small 
intestine in neonatal calves. Vet. Parasitol., 152: 53-59.  

Kontas, T. and Salmanoglu, B., 2009. Tumour necrosis factor-
alpha, adenosine deaminase and nitric oxide levels in 
cattle babesiosis before and after treatment. Bull. Vet. Inst. 
Pulawy, 50: 485-487.  

Kurata, N., 1995. Adenosine deaminase. Nihon Rinsho, 53: 
1178-1183. 

Leav, B. A., Mackay, M. and Ward, H. D., 2003. 
Cryptosporidium species: new insights and old 
challenges. Clin. Infect. Dis., 36: 903-908.  

Mahfouz, M. E., Mira, N. and Amer, S., 2014. Prevalence and 
Genotyping of Cryptosporidium spp. in farm animals in 
Egypt. J. Vet. med. Sci., 76: 1569-1575. 

Mason, B. W., Chalmers, R. M., Carnicer-Pont, D. and 
Casemore, D.P., 2010. A Cryptosporidium hominis 
outbreak in North-West Wales associated with low oocyst 
counts in treated drinking water. J. Water Hlth., 8: 299-
310.  

McDonald, V., Korbel, D. S., Barakat, F. M., Choudhry, N. and 
Petry, F., 2013. Innate immune responses against 
Cryptosporidium parvum infection. Parasite Immunol., 
35: 55-64.  

McDonald, V., Robinson, H. A., Kelly, J. P. and Bancroft, G. J., 
1994. Cryptosporidium muris in adult mice: adoptive 
transfer of immunity and roles of CD4 versus CD8 cells. 
Infect. Immunol., 62: 2289-2294. 

Mead, J. R., Arrowood, M. J., Healey, M. C. and Sidwell, R. 
W., 1991a. Cryptosporidial infections in SCID mice 
reconstituted with human or murine lymphocytes. J. 
Protozool., 38: 59-61. 

Mead, J.R., Arrowood, M. J., Sidwell, R. W. and Healey, M. C., 
1991b. Chronic Cryptosporidium parvum infections in 
congenitally immunodeficient SCID and nude mice. J. 
Infect. Dis., 63: 1297-1304. 

Meireles, M. V., 2010. Cryptosporidium infection in Brazil: 
implications for veterinary medicine and public health. 
Rev. Bras. Parasitol. Vet., 19: 197-204. 

Nalesnik, M., Nikolic, J. M. and Jandric, S., 2011. Adenosine 
deaminase and C-reactive protein in diagnosing and 



G.F. YARIM ET AL.  1038

monitoring of rheumatoid arthritis. Med. Glas. (Zenica), 
8: 163-168. 

Navin, T. R., Weber, R., Vugia, D. J., Rimland, D., Roberts, J. 
M., Addiss, D.G., Visvesvara, G. S., Wahlquist, S. P., 
Hogan, S. E., Gallagher, L. E., Juranek, D. D., Schwartz, 
D. A., Wilcox, C. M., Stewart, J. M., Thompson, S. E. 
and Bryan, R. T., 1999. Declining CD4+ T-lymphocyte 
counts are associated with increased risk of enteric 
parasitosis and chronic diarrhea: results of a 3-year 
longitudinal study. J. Acquir. Immune Defic. Syndr. Hum. 
Retrovirol., 20: 154-159. 

O’Donoghue, P. J., 1995. Cryptosporidium and 
cryptosporidiosis in man and animals. Int. J. Parasitol., 
25: 139-195. 

Olson, M. E., O'Handley, R. M., Ralston, B. J., McAllister, T. 
A. and Thompson, R. C., 2004. Update on 
Cryptosporidium and Giardia infections in cattle. Trends 
Parasitol., 20: 185-191. 

Prichard, G.C. and Fleetwood, A. J., 1995. Cryptosporidiosis 
and farm visits. Vet. Rec., 136: 179. 

Rai, A.K., Thakur, C. P., Velpandian, T., Sharma, S.K., Ghosh, 
B. and Mitra, D.K., 2011. High concentration of 
adenosine in human visceral leishmaniasis despite 
increased ADA and decreased CD73. Parasite Immunol., 
33: 632-636.  

Raja, K., Abbas, Z., Hassan, S.M., Luck, N.H., Aziz, T. and 
Mubarak, M., 2014. Prevalence of cryptosporidiosis in 
renal transplant recipients presenting with acute diarrhea 
at a single center in Pakistan. J. Nephropathol., 3: 127-
131.  

Renouf, J. A., Wood, A., Frazer, I. H., Thong, Y. H. and 
Chalmers, A. H., 1989. Depressed activities of purine 
enzymes in lymphocytes of patients infected with human 
immunodeficiency virus. Clin. Chem., 35: 1478-1481. 

Riggs, M.W., 2002. Recent advances in cryptosporidiosis: the 
immune response. Microbes Infect., 4: 1067-1080. 

Sahal, M., Kurtdede, A., Borku, M. K., Unsuren, H., Imren, H. 
Y. and Kalinbacak, A., 1994. Treatment of newborn 
diarrheic calves with sodium bicarbonate and saline 
solution with respect to clinical signs and acid-base 
balance. Vet. J. Ankara Univ., 41: 509-525.  

Santín, M., Trout, J. M. and Fayer, R., 2008. A longitudinal 
study of cryptosporidiosis in dairy cattle from birth to 2 

years of age. Vet. Parasitol., 155: 15-23.  
Shafiq, M. A. B., Maqbool, A., Khan, U. J., Lateef, M. and Ijaz, 

M., 2015. Prevalence, water borne transmission and 
chemotherapy of cryptosporidiosis in small ruminants. 
Pakistan J. Zool., 47: 1715-1721. 

Sirisena, U. M., Iddawela, W. M., Noordeen, F. and 
Wickramasinghe, S., 2014. Prevalence and identification 
of Cryptosporidium species in paediatric patients with 
diarrhoea. Ceylon Med. J., 59: 75-78. 

Tonin, A. A., Pimentel, V. C., Da Silva, A. S., De Azevedo, M. 
I., Souza, V. C., Wolkmer, P., Rezer, J. F., Badke, M. R., 
Leal, D. B., Schetinger, M. R., Monteiro, S. G. and Lopes, 
S. T., 2012. Adenosine deaminase activity in serum, 
erythrocytes and lymphocytes of rats infected with 
Leptospira icterohaemorrhagiae. Res. Vet. Sci., 92: 197-
201. 

Tripathi, K., Kumar, R., Bharti, K., Kumar, P., Shrivastav, R., 
Sundar, S. and Pai, K., 2008. Adenosine deaminase 
activity in sera of patients with visceral leishmaniasis in 
India. Clin. Chim. Acta, 388: 135-138. 

Tzipori, S., Smith, M., Halpin, C., Angus, K. W., Sherwood, D. 
and Campbell, I., 1982. Experimental cryptosporidiosis in 
calves: Clinical manifestations and pathological findings. 
Vet. Rec., 112: 116-120. 

Tzipori, S., 1988. Cryptosporidiosis in perspective. Adv. 
Parasitol., 27: 63-129. 

Ungar, B. L., Kao, T. C., Burris, J. A. and Finkelman, F. D., 
1991. Cryptosporidium infection in an adult mouse 
model. Independent roles for IFN-gamma and CD4+ T 
lymphocytes in protective immunity. J. Immunol., 147: 
1014-1022. 

Ungerer, J. P., Oosthuizen, H. M., Bissbort, S. H. and 
Vermmak, W. J., 1992. Serum adenosine deaminase: 
isoenzymes and diagnostic application. Clin. Chem., 38: 
1322-1326. 

Ungerer, J. P. J., Oosthuizen, H. M., Retief, J. H. and Bissbort, 
S. H., 1994. Significance of adenosine deaminase activity 
and its isoenzymes in tuberculous effusions. Chest, 106: 
33-37. 

Wang, R., Wang, H., Sun, Y., Zhang, L., Jian, F., QI M., Ning, 
C. and Xiao, L., 2011. Characteristics of Cryptosporidium 
transmission in preweaned dairy cattle in Henan, China. J. 
Clin. Microbiol., 49: 1077-1082.  

 


