
Original Article                                                                                                                                                                                                                                                                 
 

Pak J Pathol. 2019; Vol. 30 (1): 3-7.   3 

 

PREVALENCE OF ANTI HCV IN TRANSFUSION DEPENDENT THALASSEMIA 
MAJOR PATIENTS:- SINGLE CENTRE STUDY  
 
Musarrat Jehan1, Maria Ali1, Veena Kumari2, Mahadev Harani1, Rab Nawaz Memon3  
 

1Jinnah Medical and Dental College, Shaheed-e-Millat Road, Karachi, Pakistan 
2 Department of Family Medicine, Dow University of Health Sciences, Karachi, Pakistan 
3 Fatmid Foundation, Hyderabad, Pakistan 

 

ABSTRACT 
Objective: Beta thalassemia major is a significant health problem in Pakistan, such patients are usually supported 
by chronic blood transfusion which may later complicates into transfusion transmitted infections of which HCV is the 
major concern. Determination of HCV prevalence in these patients will help in monitoring safety of blood 
transfusion in thalassemia centers. Taking into account these observations we determined HCV seropositivity 
among multi-transfused beta thalassemia patients registered at Fatimid Foundation Hyderabad. 
Materials & Methods:  It was a cross-sectional study carried out at Fatimid Foundation Hyderabad from January 
2014 till June 2015. Total 292 transfusion-dependent beta thalassemia major patients of both genders were 
included who had received at least 10 or more transfusions with minimum age limit of 2.5 years in the study. 
Venous blood samples of patients were collected and tested for Anti HCV using Microparticle Enzyme 
Immunoassay (MEIA) technique on AxSYM machine with HCV version 3 kit.  
Results: Out of 292 patients, 53 (18.2 %) were positive for anti HCV antibodies. Hepatitis C was found to be more 
prevalent in older age group and HCV seropositivity increased with increasing number of transfusions. 
Conclusion:  Prevalence of Anti HCV among multi transfused patients was found to be high. Introduction of more 
specialized techniques such as NAT (Nucleic Acid Amplification testing) is therefore recommended to reduce the 
chances of transfusion transmitted infections. 
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INTRODUCTION 

Thalassemia syndrome is an autosomal 

recessive inherited disorder which is grouped into 

alpha and beta thalassemia according to defective 

alpha or beta globin chain synthesis. It is further 

classified according to type of mutation affecting 

number and degree of globin chain synthesis. Beta 

Thalassemia results from anomalous production of 

beta globin chain that may results in reduced 

production to complete absence of it [1-2]. 

Consequently, it may leads to transfusion dependent 

chronic hemolytic anemia. Approximately 5000-9000 

children are born homozygous for beta thalassemia 

gene annually in Pakistan. An estimated carrier rate 

for gene is 5-7 % with 9 million carriers nationwide 

[3]. 

Allogeneic Hemopoietic stem cell transplant 

is the only curative option for transfusion dependent 

thalassemia major [4]. However, due to financial 

constraints and lack of suitable donor it remains 

beyond approach of most of patients. In this case 

regularly spaced transfusions with iron chelation is 

the only accessible therapeutic option.  

Chronic blood transfusion puts these patients 

at higher risk to contract various infectious diseases 

including HCV [5]. National blood transfusion project 

(NBTP) was launched in March 2009 to regulate the 

transfusion system nationwide both from qualitative 

and quantitative aspects [6]. Despite all the 

preventive measures taken, transfusion transmitted 

infections (TTI) continue to be a source of concern in 

our settings [7]. Of the various TTIs, hepatitis B 

(HBV) and hepatitis C virus (HCV) are of serious 

issue. However, hepatitis C is more concerned 

amongst two because of decline in Hepatitis B 

prevalence due to vaccination [8]. 

HCV infection is a major health burden 

worldwide with more than 170 million individuals 

being affected and over 350000 deaths occurring 

annually [8,9]. HCV prevalence rate in general adult 

Pakistani population is 6.7 % [10]. This is alarming as 

HCV has a high chronicity rate (55 to 85 %) leading 

to chronic liver disease, cirrhosis and progression to 

liver failure and hepatocellular carcinoma [11]. 
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After implementation of blood product 

screening for HCV in early 1990s in Pakistan, there 

has been a decline in transmission of transfusion-

associated HCV infection but still rates are high [12]. 

WHO in 2010 formed a global hepatitis program to 

assist member countries in fighting HBV and HCV 

infections. WHO guidelines 2014 recommend 

implementation of Nucleic Acid Testing (NAT) in 

blood screening [13,14]. Beta thalassemia major 

poses a considerable socioeconomic burden 

especially in a country like Pakistan with limited 

health budget and resources. Since multiple 

transfusions are inevitable for beta thalassemia 

patients, control of TTI especially HCV infection is of 

prime importance. To achieve this, surveillance of 

blood transfusion safety by periodic assessment of 

HCV infection prevalence is important. Our study 

aims to determine the current status of HCV 

seropositivity among multitransfused beta 

thalassemia major patients. 

 

MATERIAL AND METHODS 

Study Design: It was a cross-sectional study carried 

out at the Fatimid foundation Hyderabad from 

January 2014 to June 2015. Patients having received 

10 or more transfusions of packed red cells with 

minimum age of 2.5 years were included in the study. 

The status of HCV was not known before enrollment 

since these patients start getting transfusions since 

the age of 6-8 months. Patients with Thalassemia 

Intermedia and other hematological disorders and 

medical conditions were excluded. Out of 390 

transfusion dependent beta Thalassemia major 

patients a total of 292 patients were enrolled in the 

study after having met inclusion criteria.   

Determination of HCV Prevalence: A short 

proforma was designed to document patients’s 

demographics, brief transfusion history and other 

relevant information. 5 mL venous blood samples 

were collected from each patient in gel top tubes 

using aseptic techniques. Samples were allowed to 

clot and serum was separated for determination of 

anti HCV antibody using MEIA technique on AxSYM 

machine with HCV version 3 kit. Percentage of the 

patients who tested positive for anti HCV was 

computed.  

Statistical analysis: Data was analyzed using SPSS 

version 19.0 (SPSS Inc., Chicago, IL, USA). 

Frequency of patients positive for anti HCV was 

calculated and categorized in to different age groups. 

p value less than 0.05 was taken as significant. 

 

RESULTS 

A total of 292 transfusion dependent 

thalassemia major patients having met the inclusion 

criteria were tested for anti HCV antibodies.  Out of 

them 165 (56.5 %) were males and 127 (43.5 %) 

were females with male to female ratio 1.3:1. The 

age of patients at the time of study ranged from 2.5 

years to 27 years. The mean age of patients was 

8.24+3.5 and the median age was 14.5±5 years. The 

demographic profile and some clinical features of 

patients are given in Table-1. 

The interval between each successive transfusion 

ranged from 10 days to 4 weeks maximum. Out of 

292 patients only 125 (42.8 %) were receiving 

transfusion regularly from one center. The rest 167 

(57.2 %) received transfusions occasionally from 

other centers too. 

Only 19.5 % of patients were receiving one 

transfusion per month while majority of patients (57.9 

%) were receiving 2 transfusion per month and 22.6 

% were receiving 3 or more transfusions (Table-1). 

Anti HCV antibody was detected in 53 (18.2 %) 

subjects. Out of total 292 patients 3 (1 %) of our 

patients were co-infected with Hepatitis B. The low 

rate of HBV infection was due to the high rate of 

vaccination in our study group (79 %) (Table-1). 

Hepatitis C prevalence distribution in various age 

groups is shown in Table-2. HCV prevalence was 

significantly higher in patients aged more than 8 

years compared to those aged below 8 years (31.4 % 

vs 10.8 %). Association of HCV seropositivity with 

number of transfusion is shown in figure-1. It is 

evident that HCV seropositivity increased more than 

70% when there are more than 150 transfusion.  

 

Figure-1: Association of hepatitis C seropositivity 
with number of transfusions. 
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DISCUSSION 

Our study shows an alarming situation with 

high HCV prevalence rates. Out of 292 patients 

included in our study, 53 (18.2%) were anti HCV 

antibody positive. There is relatively high prevalence 

of HCV in our study of multitransfused thalassemia 

patients compared to prevalence in the general 

population (6.7%) reflects upon the inadequacies in 

blood transfusion safety [10].  

This can be partly explained by the fact that 

167 of 292 patients (57.2 %) were receiving 

transfusions at centers other than Fatimid foundation 

which may not be using standard blood screening 

techniques and precautions. The finding of HCV 

prevalence in our study is comparable to that found in 

several other studies done on multitransfused 

thalassemia patients in Pakistan and worldwide and 

is depicted in Table-3 [3,15,16]. While some studies 

show lower HCV prevalence in thalassemic [17,18], 

other studies depict higher rates especially in Egypt 

and Pakistan [10,12,19]. HCV prevalence rates are 

also remarkably high in older studies which included 

unscreened patients before screening of donated 

blood started [20,21]. It shows HCV prevalence 

varies geographically and locally in rural and upscale 

urban population and also varies with time. 

In our study population 79 % were 

vaccinated for HBV and so we found only 3 (1 %) of 

patients to be HBV positive (Table-1). This figure also 

indicates the success of immunization goals. 

Table-1: The Demographic indicators and Clinical features of Multi-transfused Beta, Thalassemia major 
patients (n=292).  
Variables Numbers Percentage 

Sex 
         Male 
         Female 

 
165 
127 

 
56.5 % 
43.5 % 

Age at enrollment (in years) 
Range (2.5 to 27 years) 
          Median 
          Mean  

 
 
14.5 + 5 years 
8.24 +3.54 years 

 

Transfusion per month 
          One 
          Two 
          Three and more 

 
57 
169 
66 

 
19.5 % 
57.9 % 
22.6 % 

Presence of Hepatomegaly 204 70 % 
Presence of Splenomegaly 257 88 % 
Patient co-infected with Hepatitis B 3 1 % 
Patient vaccinated for Hepatitis B 233 79.8 % 

 
Table-2: Hepatitis C prevalence distribution in various age groups. 

Age group No. of patients Anti-HCV positive 

2-8 years 175 19 (10.8 %) 

> 8years 117 34 (31.4 %) 

 
Table-3: HCV Prevalence in Multitransfused Beta-Thalassemia Patients in various Studies.  
S.No Country Year of publication No. of  

patients in 
study 

HCV 
seropositivity 

Ref 

1 Pakistan (Islamabad/ 
Rawalpindi) 

2017 Systematic 
review 

47.2 % Umar M. et al.  

2 India 2017 207 24.64 % Mukherjee K. et al. 

3 Egypt 2016 97 37.11% Mahmoud RA. et al. 

4 Bangladesh 2014 200 2 % Chakrabarty P. et al. 

5 Pakistan (Rawalpindi) 2014 95 49 % Din G. et al.  
6 Pakistan (Karachi) 2012 160 13 % Ansari SH.      et al. 
7 Pakistan (KPK) 2011 40 15% Ali I. et al. 
8 Iran 2009 206 28.1 % Boroujerdnia MG. et al. 

9 Pakistan (Quetta) 2007 150 30 % Kapoor C.       et al. 
10 Turkey 2006 399 4.5% Ocak S. et al. 

11 Pakistan (KPK) 2005 250 56.8% Shah SMA.     et al. 
12 Pakistan (Islamabad / 

Rawalpindi) 
2004 75 42 % Younus M.     et al. 

13 Thailand 2003 104 21 Wanachiwanawin W. et al. 
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Mukherjee et al. also found 99 % of their patients to 

be vaccinated for HBV and prevalence of HBV in 

their study was 3.4 % [22]. 

In our study of 292 patients, male to female 

ratio was 1.3:1 (Table-1). Male predominance was 

also noted in several other studies [12,19,22]. While 

Boroujerdnia et al. quoted female preponderance in 

their study [23]. 

The age of patients at the time of enrollment 

in our study ranged from 2.5 years to 27 years with 

mean age of 8.24+3.5 and the median age of 14.5 ±5 

years (Table-1). Other studies showed similar 

findings [5,12,19]. The interval between each 

successive transfusion in our study ranged from 10 

days to 4 weeks maximum which is similar to that 

found in the study by Mukherjee et al. which was 7 

days to 1 month [22]. Only 19.5 % of patients were 

receiving one transfusion per month while majority of 

patients (57.9%) were receiving 2 transfusion per 

month and 22.6% were receiving 3 or more 

transfusions (Table-1). Chandi Kapoor et al. had 

similar findings in their study [5]. 

175 of our patients were aged between 2-8 

years and 19 (10.8 %) of them were HCV positive 

while 117 patients were aged above 8 years and 34 

(31.4 %) of them were HCV positive (Table-2). Thus 

34/53 (64 %) of our HCV positive cases were older 

than 8 years. Other studies also found increased 

HCV prevalence in older age group which was 

statistically significant [5,12,19,23]. In our study, HCV 

seropositivity was directly proportional to the number 

of transfusions. Thus, it increased from 8.4 % to 15.7 

%, 47.9 % and 72.2 % in those who had received 10-

50, 51-100, 101-150 and more than 150 transfusions 

respectively (Figure-1). Other studies reported similar 

finding [5,12,23]. 

HCV prevalence is high in our study and 

other studies in Pakistan (Table-3). Blood transfusion 

screening for HCV infection in Pakistan is presently 

done by immunoassays as Nucleic acid–based tests 

are expensive. This increases the chances of 

transmission during the window period which is 6 

weeks for immunoassays as compared to 2 weeks 

for NAT [13,24].  

Transmission can occur even if the donor is 

negative for HCV by both serology and serum HCV 

RNA. It was established by Idrees et al. who 

determined the presence of HCV RNA in liver 

biopsies of patients with abnormal liver tests but 

without detectable serum HCV RNA and anti-HCV 

antibodies in sera.  HCV RNA was detected in liver 

biopsy specimens in 23 of 31 patients (74.2 %) who 

were negative for both anti-HCV antibodies and 

serum HCV RNA [25]. This indicates that even the 

best method of screening blood cannot prevent 

transmission of HCV so besides improving blood 

screening techniques, we have to focus on a 

comprehensive plan for HCV infection control in the 

general population. Also detailed history and clinical 

evaluation along with liver function tests (LFTs) 

should be considered to exclude suspected blood 

donors. 

  
CONCLUSION 

Significantly high prevalence of anti-HCV 

among our patients implies TTIs to be the major 

health issue in chronically transfused patients. It 

questions the reliability of donor selection criteria and 

screening strategies adopted to screen blood 

products. It is suggested that endorsement of more 

specialized techniques such as NAT (Nucleic acid 

testing) will help reduce the TTI due to its ability to 

detect viral DNA/RNA during window period even 

before seroconversion for HCV. Routine assessment 

of transfusion dependent patients for TTIs especially 

HCV should be done at each center to monitor safety 

and efficacy of the screened blood. Moreover, it also 

helps in early detection and treatment of infection. 

 

AUTHORS CONTRIBUTION  

Musarrat Jehan: Paper writing literature Review 

Maria Ali: Paper writing literature Review & statistical 

Analysis. 

Veena Kumari: Data collection & entry of Data in 

SPSS. 

Mahadev Harani: Principle Author Review of 

manuscript & proof reading. 

Rab Nawaz Memon: Director & Incharge of Project. 

 

REFERENCES 
1. Martin A, Thompson AA. Thalassemias. Pediatr Clin 

North Am. 2013; 60(6): 1383-91. 
2. Cao A, Galanello R. Beta thalassemia. Genet Med 2010; 

12(2): 61-76. 
3. Ansari SH, Shamsi TS, Ashraf M , Farzana T, Bohray M, 

Perveen K, et al. Molecular epidemiology of β-
thalassemia in Pakistan: Far reaching implications. 
Indian J Hum Genet. 2012; 18(2): 193–7.  

4. Mathews V, Savani BN. Conditioning regimens in allo-
SCT for thalassemia major. Bone Marrow Transplant 
2014; 49(5): 607-10.  

5. Kapoor C, Iqbal M, Hanif M. Poly transfused thalassemia 
patients: Prevalence of viral markers and malarial 
parasite. Prof Med J. 2007; 14(1): 177-81. 

6. Zaheer HA , Waheed U. Blood safety system reforms in 
Pakistan. Blood Transfus. 2014; 12(4): 452-57.  

7. Umer M, Iqbal M. Hepatitis C virus prevalence and 
genotype distribution in Pakistan: Comprehensive review 
of recent data. World J Gastroenterol. 2016; 22(4): 1684-
700.  

8. Lavanchy D. Evolving epidemiology of hepatitis C virus. 
Clin Microbiol Infect. 2011; 17: 107-15.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24237977
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=24237977
https://www.ncbi.nlm.nih.gov/pubmed/24237977
https://www.ncbi.nlm.nih.gov/pubmed/24237977
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20098328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Galanello%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20098328
https://www.ncbi.nlm.nih.gov/pubmed/20098328
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farzana%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23162295
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bohray%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23162295
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perveen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23162295
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3491293/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3491293/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mathews%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24442250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Savani%20BN%5BAuthor%5D&cauthor=true&cauthor_uid=24442250
https://www.ncbi.nlm.nih.gov/pubmed/24442250
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zaheer%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=24960645
https://www.ncbi.nlm.nih.gov/pubmed/?term=Waheed%20U%5BAuthor%5D&cauthor=true&cauthor_uid=24960645
https://www.ncbi.nlm.nih.gov/pubmed/24960645


Prevalence of anti HCV in transfusion dependent thalassemia major patients - single centre study  

 

Pak J Pathol. 2019; Vol. 30 (1): 3-7.   7 

 

9. Mohamed AA, Elbedewy TA, El-Serafy M, El-Toukhy N, 
Ahmed W, El Din ZA. Hepatitis C virus: A global view. 
World J Hepatol. 2015; 7(26): 2676–80.  

10. Umer M, Khaar HB. Akhter TS, Aslam F, Ahmad SI, 
Asghar RM. et al. Diagnosis, management and 
prevention of hepatitis C in Pakistan 2017. J Ayub Med 
Coll Abbottabad. 2016; 28 (4 Suppl 1): 839 82. 

11. Perz JF, Armstrong GL, Farrington LA, Hutin YJF, Bell 
BP. The contributions of hepatitis B virus and hepatitis C 
virus infections to cirrhosis and primary liver cancer 
worldwide. J Hepatol. 2006; 45: 529–38. 

12. Din G, Malik S, Ali I, Ahmed S, Dasti JI. Prevalence of 
hepatitis C virus infection among thalassemia patients: a 
perspective from a multi-ethnic population of Pakistan. 
Asian Pac J Trop Med. 2014; 7(S1): 127-33.  

13. Stramer SL, Glynn SA, Kleinman SH, Strong DM, 
Caglioti S, Wright DJ. National heart, lung, and blood 
institute nucleic acid test study group: Detection of HIV-1 
and HCV infections among antibody negative blood 
donors by nucleic acid amplification testing. The New 
Eng J of Med. 2004; 351(8): 760–68. 

14. Centers for Disease Control and Prevention (CDC). 
Establishment of a viral hepatitis surveillance system--
Pakistan, 2009-2011. Morb Mortal Wkly Rep. 2011; 
60(40): 1385-90. 

15. Ali I, Siddique L, Rehman LU, Khan NU, Iqbal A, Munir I, 
et al. Prevalence of HCV among the high-risk groups in 
Khyber Pakhtunkhwa. Virol J. 2011; 8(1): 296.  

16. Wanachiwanawin W, Luengrojanakul P, Sirangkapracha 
P, Leowattana W, Fucharoen S. Prevalence and clinical 
significance of hepatitis C virus infection in Thai patients 
with thalassemia. Int J Hematol. 2003; 78(4): 374-78. 

17. Chakrabarty P, Rudra S, Hossain MA. Prevalence of 
HBV and HCV among the multi-transfused beta 
thalassemic major patients in a day care centre of blood 
transfusion department of Mymensingh Medical College 
Hospital. Mymensingh Med J. 2014; 23(2): 235-41. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

18. Ocak S, Kaya H, Cetin M, Gali E, Ozturk M. 
Seroprevalence of hepatitis B and hepatitis C in patients 
with thalassemia and sickle cell anemia in a long-term 
follow-up. Arch Med Res. 2006; 37(7): 895-8.  

19. Mahmoud RA, El-Mazary AM, Khodeary A. 
Seroprevalence of hepatitis C, hepatitis B, 
cytomegalovirus, and human immunodeficiency viruses 
in multitransfused Thalassemic Children in Upper Egypt. 
Adv in Hematol. 2016; 9032627.  

20. Younus M, Hassan K, Ikram N, Naseem L. Hepatitis C 
virus seropositivity in repeatedly transfused thalassemia 
major patients. Int J Pathol. 2004; 2(1): 20-3. 

21. Shah SMA, Khan MT, Zahoorullah. Prevalence of HBV 
and HCV in multitransfused thalassemia patients. Pak J 
Med Sci. 2005; 21(3): 281-4. 

22. Mukherjee K, Bhattacharjee D, Chakraborti G. 
Prevalence of hepatitis B and hepatitis C virus infection 
in repeatedly transfused thalassaemic in a tertiary care 
hospital in eastern India. Int J Res Med Sci. 2017; 5(10): 
4558-62. 

23. Boroujerdnia MG, Zadegan MAA, Zandian KM. 
Prevalence of hepatitis-c virus (HCV) among 
thalassemia patients in Khuzestan province, Southwest 
Iran. Pak J Med Sci. 2009; 25(1): 113-17. 

24. Moiz B, Moatter T, Shaikh U, Adil S, Ali N, Mahar F, et 
al. Estimating window period blood donations for human 
immunodeficiency virus Type 1, hepatitis C virus, and 
hepatitis B virus by nucleic acid amplification testing in 
Southern Pakistan. Transfusion. 2014; 54: 1652-9.  

25. Idrees M, Lal A, Malik FA,  Hussain A, Rehman Iu, Akbar 
H. Occult hepatitis C virus infection and associated 
predictive factors: The Pakistan experience. Inf Genet 
Evol. 2011; 11(2): 442-5.  

 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Strong%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=15317889
https://www.ncbi.nlm.nih.gov/pubmed/?term=Caglioti%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15317889
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wright%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=15317889
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leowattana%20W%5BAuthor%5D&cauthor=true&cauthor_uid=14686498
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fucharoen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14686498
https://www.sciencedirect.com/science/article/pii/S1567134810003424#!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hussain%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21184846
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rehman%20Iu%5BAuthor%5D&cauthor=true&cauthor_uid=21184846
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akbar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21184846
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akbar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21184846
https://www.sciencedirect.com/science/journal/15671348
https://www.sciencedirect.com/science/journal/15671348

