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Abstract 
Prevalence of Sicklecell disease (SCD) is ranging from 1 to 40% and more in state like Chhattisgarh because of 

more share of Tribal population by this state in India. Genetic mutation at a sixth position of the β-globin chain 

(replacement of glutamic acid by valine) is the biochemical basis of this abnormality. Tissue specific increase of 

adenosine deaminase is related with lysis of RBC membrane in sickle cell disease. To know the pathology and 

biochemical basis of increase in serum adenosine deaminase in SCD is ardent. Prospective case-control study is 

conducted by taking thirty SCD cases [from Durg District of Chhattisgarh State] attending General Medicine OPD 

in our Medical College. Thirty age and sex matched healthy volunteers were selected as controls from same 

population. ADA estimation done by enzymatic-kinetic method. Complete hemogram done by Beckman Coulter 

and retiuculocyte count done by direct microscopic examination. Adenosine deaminase level in SCD was higher 

as compare to control group and difference is statistically highly significant i.e. p value 0.00 (<0.01). Comparing 

to controls, Reticulocyte count was significantly less in SCD i.e. p value 0.049 (<0.05). SCD cases were having 

significantly increased ADA level as compared to healthy volunteers. ADA was not any having correlation with 

reticulocyte count. Estimation of Adenosine Deaminase level can be helpful for knowing pathophysiology of 

complications occurring in sickle cell disease patients. 
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Introduction 

 
Prevalence of Sickle cell disease (SCD) is 

ranging from 1 to 40% and more in state like 

Chhattisgarh because of more share of Tribal 

population by this state in India.1,2 Genetic 

mutation at a sixth position of the β-globin chain 

(replacement of glutamic acid by valine) is the 

biochemical basis of this abnormality.3,4 

According to census of 2011, tribal population is 

around 8.6% of total population of India (67.8 

million people) which is majorly present in the 

states of Madhya Pradesh, Maharashtra, Odisha, 

Gujarat, Rajasthan, Jharkhand, Chhattisgarh, 

Andhra Pradesh, West Bengal and Karnataka.5 

Being housekeeping gene; genetic 

expression of the Adenosine deaminase (ADA) 

gene present in almost all the tissues.6 Highest 

genetic expression of this gene is in special white 

blood cells called as lymphocytes. This 

specialized cell protects our body from different 

infections. Normally, RBCs (Red blood cells) 

have less expression of ADA gene. ADA is 

important for irreversible deamination of 

deoxyadenosine (harmful product from DNA 

breakage) to harmless product deoxyinosine. 

Overproduction of ADA in RBCs causes its lysis 

and affects its longevity.  

Polymerization of deoxyHbS with formation 

of long fibers within the RBCs causing a sickle 

shape which eventually leads to increased RBCs 

lyses and vaso-occlusion by sickle red cells.7,8 

However, there are different clinical 

presentations of SCD patients and there are 

several factors that may trigger vaso-occlusive 

crises in these patients.9 

There are different biomarkers of SCD and 

its increased or decreased levels have been 

associated with different pathological conditions 

associated with it.10 Very few biomarkers gives 

prognostic information related to the 

management of the SCD. Currently, hemoglobin 

percentage measurement, fetal hemoglobin 

levels, reticulocyte counts and WBC counts are 

the primary prognostic tools for the management 

of pathological condition in SCD.11 

Extensive clinical trials are needed to 

identify unambiguous independent biomarkers 

for identifying the severity of SCD and 

susceptibility to RBC membrane damage and its 

breakage and formation sickled RBCs. 



Mahendra Gandhe et al.      Estimation of serum Adenosine Deaminase (ADA) level in sickle cell…. 

International Journal of Clinical Biochemistry and Research, January-March, 2018;5(1):85-90     86 

Changes in the level of Adenosine 

deaminase can be associated with the 

susceptibility to RBC membrane damage and its 

breakage and formation sickled RBCsand can be 

act as biomarker for affected immunity in the 

SCD cases.12  

In this study, we tried to find out the level 

serum ADA in SCD. We tried to find out the 

association of the ADA enzyme level with the 

reticulocyte count as marker of severity of RBCs 

membrane damage and its lyses occurring in 

sickle cell disease cases. Adenosine deaminase 

level can be act as a biomarker for RBCs lyses in 

the SCD cases.  

 

Aim and objectives 

 
1. To investigate the serum adenosine 

deaminase (ADA) status in SCD cases and 

its comparison with healthy controls of rural 

population of Durg district of Chhattisgarh 

State. 

2. To associate Serum ADA level with 

reticulocyte count as a marker of RBC 

membrane lysis in SCD cases. 

 

Material and Methods 
 

Study population: This was a prospective case 

control study conducted at CCM Medical 

College, Durg. 

Inclusion criteria: Thirty SCD cases aging 18 to 

30 years age group attending General Medicine 

OPD in our medical college from rural area of 

Durg District of Chhattisgarh State were selected 

as study participants. Thirty healthy age and sex 

matched volunteers from same population were 

selected as control for this study.  

Exclusion criteria: Participants who were 

suffering from any diseases which can affect 

ADA levels such as fresh or old cases of 

pulmonary or extra-pulmonary tuberculosis or 

any chronic diseases such as liver diseases or 

Type 1 or Type 2 Diabetes mellitus or cancer or 

severe combined immunodeficiency (Adenosine 

deaminase deficiency), cirrhosis of liver, 

pregnant or lactating women, leprosy, HIV, 

chronic malnutrition or participants taking 

adenosine medications were excluded from the 

study. Those who are not giving valid written 

consent were also removed from this study. 

Permission to conduct above study was 

obtained from the Institutional Human Ethics 

Committee (IHEC). Informed consent in written 

form was obtained after explaining this study to 

cases and controls. From the recruited 

participants, proper medical history was 

obtained. Then the following physiological and 

anthropometric parameters were measured in 

study participants. 

Physiological Parameters: Both groups were 

assessed for anthropometric parameters namely 

weight (in kg), waist (in cm.), Height (in meters), 

Body mass index and Blood pressure.  

General obesity: Accurate height was measured 

in an erect and standing position of participants 

with bare foot, against a vertical scale. The body 

weight of the study participants (minimally 

clothes and bare foot) were measured using 

electronic weighing scale and it was recorded 

accurately. Body mass index (BMI) was 

calculated using the following formula BMI= 

Weight (in kg)/ Height (in m2). 

Central obesity: Waist circumference (in cm) 

was measured by using measuring tape at the 

level of umbilicus. Two measurements of waist 

circumference [one after inspiration and other 

following expiration] taken in standing position. 

Average of this two measurements taken for final 

calculation of waist circumference. 

Biochemical parameters: Then three ml blood 

were collected from the subject for following 

biochemical estimation in one plain bulb for 

Serum ADA level and in one EDTA bulb for 

reticulocyte count, Hb% and TLC,DLC. 

 

Biochemical analysis of cardio-metabolic risk 

factors 

Three ml of venous blood sample was 

collected under all aseptic precautions from all 

study participants. Serum in plain bulb was 

separated immediately by centrifugation (2500 

rpm for 10 minutes). Biochemical and 

hematological parameters were analysed as 

follows: Serum ADA level, reticulocyte count, 

Hb% and TLC, DLC. 

All the above mentioned biochemical 

parameters estimated using IFCC approved 

procedures. The external quality control was 

evaluated based on QC samples provided by M/s 

Biorad USA. The external quality assessment 

(EQAS) was based on the QC samples provided 

by Clinical Biochemistry Lab, CMC Vellore.  

 

Estimation of Adenosine deaminase 
Estimation of serum ADA level was done by 

Guisti and Galanti method of enzymatic-kinetic 

method using ADA kit supplied by Tulip 

Diagnostics. (P) Ltd. Reticulocyte Count was 

done by direct microscopy. ADA causes 

hydrolytic cleavage of adenosine to ammonia 

and inosine. Intensity of blue indophenols 

complex formed [when ammonia reacts with a 

phenol and hypochlorite and sodium 

nitroprussidein an alkaline medium] is directly 
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proportional to the amount of ADA present in 

the sample.13  

 

Statistical analysis 

The statistically mean difference in SCD 

cases and healthy volunteers were calculated 

using the independent student’s t test. SPSS 23.0 

version was used for all statistical analysis. 

Correlation analysis between adenosine 

deaminase level with reticulocyte count were 

assessed by two-tailed Pearson’s correlation. A 

significant level of 95% was chosen for all tests. 

The level of significance was taken as (P<0.05).  

 

Result 

 
Fig 1: Pie diagram showing sex distribution of study participants 

 

Table 1: Comparison of different parameters in sickle cell disease cases with controls 

Parameters ID Number Mean 

Std. 

Deviation p value 95% CI 

Adenosine 

Deaminase 

Case 30 41.20 9.70 

0** (17.20,25.93) Control 30 19.63 6.98 

Reticulocyte 

count 

Case 30 0.51 0.27 

0.049* 
(-0.31-0.00) 

Control 30 0.67 0.33 

Hemoglobin% 

Case 30 11.99 2.22 

0.002** 
(-2.96, -0.68) 

Control 30 13.81 2.21 

TLC 

Case 30 7253.33 1469.16 

0.416 

(-1376.98,576.99) 

Control 30 7653.33 2233.40 
 

Granulocytes 

Case 30 52.70 6.62 

0.068 
(-8.09,0.29) 

Control 30 56.60 9.37 

Lymphocytes 

Case 30 41.03 6.72 

0.119 
(-0.87,7.46) 

Control 30 37.74 8.93 

Monocytes 

Case 30 6.27 0.58 

0.002** 
(0.31,1.35) 

Control 30 5.43 1.28 

Waist 

circumference 

Case 30 80.90 3.09 

0.008** 
(-6.10,-0.97) 

Control 30 84.43 6.31 

Body mass 

index 

Case 30 18.96 2.81 

0.001** 
(-3.77,-0.94) 

Control 30 21.32 2.67 

Height 

Case 30 1.62 0.06 

0.323 
(-0.05,0.02) 

Control 30 1.64 0.07 

Weight 

Case 30 49.50 6.14 

0** 
(-11.78,-3.68) 

Control 30 57.23 9.23 

*- significant **- Highly significant 

 

Total participants in our study were 36 male and 24 female (Fig. 1). Mean age of cases were 

(25+3.9) [Mean +Std. deviation] and mean age of controls were (24 + 4.1). Mean serum ADA level in 

sickle cell disease was higher as compare to control group and difference is statistically highly 

significant i.e. p value 0.00 (<0.01). Reticulocyte count was significantly less in cases as compared to 

controls i.e. p value 0.049 (<0.05). Mean Hb% was significantly less in cases(11.99+2.22) as compared 

to controls (13.81+2.21) i.e. p value 0.002 (<0.01). Monocytic count (6.27+0.58) was significantly 
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higher in cases as compared to controls (5.43+1.28) i.e. p value 0.002 (<0.01). Waist circumference 

(80.90+3.09) was lower in cases as compared to controls (84.43+6.31) and difference was statistically 

significant i.e. p value 0.008 (<0.01). Body mass index (18.96+2.81) was significantly lower in cases 

as compared to controls (21.32+2.67) i.e. p value 0.001 (<0.01). Body weight (49.50+6.14) was 

significantly lower in cases as compared to controls (57.23+9.23) i.e. p value 0.0 (<0.01) [as shown in 

Table 1]. No significant difference found in mean levels of total leucocytes count ((7253.33+1469.16) 

versus controls (7653.33+2233.40), granulocytes (52.70+6.62) versus controls (56.60+9.37), 

lymphocytes (41.03+6.72) versus controls (37.74+8.93),and height (1.62+0.06) versus controls 

(1.64+0.07). 

 

Table 2: Correlation of Adensinedeaminase with different parameters in study participants 

Correlation parameters Pearson 

Correlation 

p Value 

Adensinedeaminase with Lymphocyte 0.280* 0.035 

Adensinedeaminase with reticulocyte count -0.331** 0.01 

Adensinedeaminase with hemoglobinpercentage -0.17 0.194 

Adensinedeaminase with body mass index -0.267* 0.039 

Adenosine deaminase with Granulocyte -0.321* 0.012 

* Correlation is significant at the 0.05 level (2-tailed). 

 

Correlation analyses were done between 

adenosine deaminase with Hb%, reticulocyte 

count, lymphocytes, granulcoytes and 

physiological parameter (Body mass index). 

(Table 2). There were no significant correlation 

between adenosine deaminase and lymphocyte 

count (r=0.280 and p value<0.05). There were no 

significant correlation between adenosine 

deaminase and reticulocyte count (r=-0.331 and 

p value<0.01). There were no significant 

correlation between adenosine deaminase and 

body mass index (r=-0.267 and p value<0.05). 

There were no significant correlation between 

adenosine deaminase and granulocytes (r=-0.321 

and p value<0.05). These data confirms 

significantly increase in the level of serum ADA 

in SCD cases. 

 

Discussion 
 

Being housekeeping gene; genetic 

expression of the Adenosine deaminase (ADA) 

gene present in almost all the tissues. Highest 

genetic expression of this gene is in special white 

blood cells called as lymphocytes. This 

specialized cell protects our body from different 

infections. Normally, RBCs (Red blood cells) 

have less expression of ADA gene. ADA is 

important for irreversible deamination of 

deoxyadenosine (harmful product from DNA 

breakage) to harmless product deoxyinosine. 

Overproduction of ADA in RBCs causes its 

lyses and affects its longevity. In our study, 

mean serum ADA level (41.20+9.70) in SCD 

cases was higher as compared to control group 

(19.63+6.98) and difference is statistically highly 

significant i.e. p value 0.00 (<0.01).  

Damaged RBC membrane releases 

Adenosine deaminase into plasma and it helps in 

the irreversible deamination of adenosine to 

inosine and decreases extracellular adenosine 

level. ADA and its substrate adenosine plays an 

important role RBC membrane lyses occurring in 

sickle cell disease. However, etio-pathology of 

increased adenosine level is not clear and 

assumed due to increased ATP release from 

cellular damage. Adenosine helps in many 

biological reactions such as reduction of 

hemolysis-induced vasculopathy by acting on 

adenosine A (2A) receptors.13 

One of the previous study shown that, 

adenosine treatment in SCD helps to increase 

blood flow with pain alleviation and decreases 

severity of vaso-occlusive crisis and cellular 

damage.14 Production of the adenosine is 

increased in hypoxic conditions and its 

elevationis beneficial to counter acts hypoxic 

damage at tissue and blood vessel level. Vascular 

damage protective effects of Adenosine is 

decreased [because of its metabolism by 

adenosine deaminase enzyme released by injured 

RBCs under hypoxic conditions]. 

Reticulocyte count (0.51+0.27) [mean + 

Standard deviation] was significantly less in 

cases as compared to controls (0.67+0.33) i.e. p 

value 0.049 (<0.05). Correlation analyses were 

performed between ADA with Hb% and 

reticulocyte count. In this study, no significant 

correlation between ADA and reticulocyte count 

was found. In one of the previous studies, done 

on children with hemolytic anemia shown 

significant positive association between 

Adenosine deaminase and reticulocyte count 

(r=0.548 and P<0.0001) and significant negative 

association with Hemoglobin percentage (r=-
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0.747 and p<0.0001).15 In contrast to this, in our 

study, we were not having any significant 

correlation of adenosine deaminase with 

retciculocyte count and Hemoglobin percentage. 

One of the previous studies, it was done in the 

urban area of Mysore Karnataka State where 

prevalence of malnutrition is less as compared to 

Chhattisgarh State.15 Our study participants were 

from tribal area and rural population, where 

malnutrition or under-nutrition or fewer intakes 

of micronutrients are quite common. Our case 

group was having significantly lower body mass 

index, waist circumference and weight as 

compared to the control group. This is also one 

of the reasons of low reticulocyte count in study 

cases group. Nutritional status is indicated by 

body mass index, and our study shown consistent 

and same findings of significant lower body 

mass index in rural SCD cases (18.96+2.81) 

from Durg District compared to the control 

i.e.(21.32+2.67) and p value 0.001 (<0.01). Our 

study reflected low body weight in our study 

group as compared to the control and the 

difference was statistically significant. Our study 

is showing similar findings consistent with one 

of the previous studies.16 Mean hemoglobin 

percentage (11.99+2.22) was significantly lower 

in cases as compared to controls (13.81+2.21) 

i.e. p value 0.002 (<0.01). One of the previous 

studies, done on children of aged 3 years shown 

that severe baseline anaemia is associated with 

complications such as leg ulcer, 

microalbuminuria and echographic pulmonary 

hypertension in African SCD cases.17 One of the 

previous studies, done on anthropometric and 

hematological parameters of SCD women shown 

low hemoglobin percentage ((8.85+1.92) and 

low mean BMI [ 22.6 kg/m2] as compared to the 

controls.18 In of the previous studies, done on 

pediatric age group, there was no association 

between BMI and vaso-occlusive crisis.19 

Comparison of blood and anthropometric 

parameters such as Hb%, weight, height and 

BMI between rural and urban 8 to15 years aged 

children population residing in Wardha district 

of Central India studied in one of the previous 

research on SCD cases.20 This study shown that 

homozygous sickle cell disease children from 

rural area were significantly underweight and 

low BMI [18.5] as compared to urban children.20 

Our study findings are consistent with this study, 

showing low BMI in our rural population of 

SCD cases as compared to the control from same 

rural population. One of the previous studies 

shown delayed physical growth and sexual 

maturity in SCD cases due to under-nutrition 

leads to low body mass index.21 

In our study groups, mean waist 

circumference (80.90+3.09) was significantly 

lower in cases as compared to controls 

(84.43+6.31) i.e. p value 0.008 (<0.01). Mean 

body weight (49.50+6.14) was significantly 

lower in cases as compared to controls 

(57.23+9.23) i.e. p value 0.0 (<0.01) [as shown 

in Table 1]. Findings of less body weight in SCD 

cases is consistent with one of the previous 

studies.22 Mean monocytic count (6.27+0.58) 

was significantly higher in cases as compared to 

controls (5.43+1.28) i.e. p value 0.002 (<0.01). 

There were no significant difference found in 

mean levels of total leucocytes count 

((7253.33+1469.16) versus controls 

(7653.33+2233.40), granulocytes (52.70+6.62) 

versus controls (56.60+9.37), lymphocytes 

(41.03+6.72) versus controls (37.74+8.93),and 

height (1.62+0.06) versus controls (1.64+0.07). 

Correlation analyses were done between 

adenosine deaminase with Hb%, reticulocyte 

count, lymphocytes, granulcoytes and 

physiological parameter (Body mass index). 

(Table 2) There were no significant correlation 

between adenosine deaminase and lymphocyte 

count (r=0.280 and p value<0.05). There were no 

significant correlation between adenosine 

deaminase and reticulocyte count (r=-0.331 and 

p value<0.01). There were no significant 

correlation between adenosine deaminase and 

body mass index (r=-0.267 and p value<0.05). 

There were no significant correlation between 

adenosine deaminase and granulocytes (r=-0.321 

and p value<0.05). These data confirms marked 

elevation of serum ADA level in SCD cases.  

There were no significant correlation 

between adenosine deaminase and lymphocyte 

count (r=0.280 and p value<0.05). But there was 

significantly increased lymphocytes in cases 

(41.03+6.72) versus controls (37.74+8.93). T 

lymphocytes are having ten times higher level of 

Adenosine deaminase as compared to 

erythrocytes. Activation of cell mediated 

immunity and increased T lymphocytes may be 

contributing to increased ADA level. ADA 

activity is more in lymphcoytes and helps in 

differentiation of lymphocytes.23 

This was the first pilot study done in our area on 

SCD patients from rural area of Durg population 

of Chhattisgarh state. However, we are planning 

for large scale study by taking more number of 

SCD cases for knowing pathophysiology behind 

increase in ADA level in SCD patients. Though, 

SCD can be diagnosed by solubility test, serum 

electrophoresis, HPLC, estimation of Adenosine 

Deaminase level can be helpful for knowing 

pathophysiology of complications occurring in 

sickle cell disease patients. 
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