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ABSTRACT 
 

Aims : This study aims to investigate the effect of cytomegalovirus (CMV) and diabetes 
mellitus (DM)  on the cell-mediated immunity against TB represented by cytokine profile  
Study Design : Case control study. 
Place and Duration of Study : This study was carried out in Specialized Chest and 
Respiratory Center in Baghdad, Iraq and Department of Medical Microbiology-College of 
Medicine -Babylon university Hilla-Iraq, the period  of study was October 2012 to 
January 2013. 
Methodology:  This study was applied on 70 TB patients .It involved also 30 apparently 
healthy control. The patients consists of 43 males and 27 females with age range 8-76 
years old, 29 of them were diabetic .Blood samples were collected from patients and 
controls to estimate the immune parameters interferon-gamma (IFN-γ) and interleukin -
2(IL-2 )as , and anti –CMV IgG antibodies by enzyme linked immunosorbent assay 
(ELISA). 
Results : The immune parameters showed that there is no significant difference in the 
mean serum concentration between the patients and control groups for IFN-γ and IL-2 
(P=0.05), while there was a significant increase in the mean serum concentration of anti-
CMV IgG between study groups (P≤0.001). 
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The study also showed that there is a significant decrease in the mean serum 
concentration of IL-2 and IFN-γ between diabetic TB patients comparing with those non-
diabetic TB patients where p values were 0.008 and 0.024 respectively. 
Conclusion : Both CMV and diabetes mellitus have a role in the suppression of cellular 
immunity in TB patients. 
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1. INTRODUCTION 
 
Tuberculosis (TB) remains a major global health problem. Ten million new TB cases and 2 
million deaths are estimated to occur each year, more than any time in history [1]. 
Furthermore, an estimated 2 billion people are thought to be latently infected, providing a 
large reservoir for active TB that will last for decades [2]. Tuberculosis is considered an 
immunological disease and the pathology of the disease is mediated by the host immune 
response [3].Cell mediated immunity is the effective mechanism against tubercle bacilli and 
the TH1 cytokines  mainly interferon gamma (IFN-ɣ) and interleukin-2(IL-2) play a central role 
in the activation of mycobactericidal activity of alveolar macrophages [2,3]. 
 
Immune anergy as a mechanism of peripheral tolerance may increase the severity of TB [4]. 
Many predisposing factors increase the frequency of immune anergy including viral 
infections and metabolic disorders especially renal failure and diabetes mellitus [5]. 
Cytomegalovirus (CMV) is a ubiquitous beta-herpes virus with a worldwide prevalence of 60-
100% in the adult population [6]. Infection occurs early and leads to life-long persistence in 
the host. CMV is one of the most immunodominant antigens and stimulates immune 
responses of unprecedented magnitude [7]. Several studies have shown that  latent infection 
with cytomegalovirus contributes to age-related alterations of the immune system and 
immune anergy, particularly of the T cell compartment as it drives the differentiation of T 
cells and accelerates immunosenescence [6]. 
 
Diabetes Mellitus (DM) is an epidemic worldwide and it is estimated to affect  366 million by 
2030 when majority of those affected will be living in low and middle  income countries 
where Mycobacterium tuberculosis infection is endemic [8]. It is well known that DM impairs 
the immunity of patients and therefore is an independent risk factor for infections such as TB 
. The combination of DM and tuberculosis (TB) was life threatening in the pre-antibiotic era 
and before the readily available treatment of both diseases between DM and TB  is re-
emerging because the epidemiology of both diseases is progressive worldwide and cases of 
DM are increasing in the developing countries where TB is of high burden [9]. This work 
aims to illustrate the possible role of CMV and DM in the induction of immune anergy in TB 
patients. The marker of cell-mediated immunity and activated T cells will be the level of IFN-
ɣ and IL-2. 
 
2. MATERIALS AND METHODS 
 
2.1 Patients and Controls 
 
A total of 70 patients suffering from tuberculosis were involved in this case control study. 
Twenty nine of them were diabetic. They were admitted to the Specialized Chest and 
Respiratory Center in Baghdad, Iraq during the period October 2012 to January 2013.The 
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TB patients were diagnosed according to the clinical and laboratory criteria. A total of 30 
apparently healthy individuals were involved as controls group. The age range of controls 
was approximately matched to the patients. 
  
Three ml of blood were collected by vein puncture into sterile gel and clot activator vacuum 
tube, left for 30 minutes, then centrifuged at 3000 rpm for one minute. The serum was 
collected in a clean test tube and stored at – 20 °C until using it in serological tests [10]. 
 
2.2 Estimation of Anti-CMV IgG Antibody 
 
The concentration of anti-CMV IgG antibody was estimated in the sera of patients and 
controls  by enzyme linked immunosorbent assay-ELISA according to the instruction of 
manufacturer manual(Human –Germany).Antibodies class IgG was used here depending on 
the fact that IgG antibodies elevates and persists for long time as an indicator for chronic or 
previous infection with Cytomegalovirus. 
 
2.3 Estimation of Interferon-gamma (IFN- ɣ) and Interleukin 2(IL-2) 
 
The IFN- ɣ and IL-2 were measured in the sera of patients and controls by  ELISA technique 
according to the instruction of manufacturer manual (Cusabio-China,and Abcam-
USA)respectively. These cytokines were measured as a markers for Th1 response which is 
responsible mainly for cell-mediated immunity against TB. 
 
2.4 Ethical Approval 
 
The necessary ethical approval from the Specialized Chest and Respiratory Center in 
Baghdad-Iraq was obtained. Moreover, all subjects involved in this work were informed and 
the agreement required for doing the experiments and publication this work was obtained 
from each one prior the collection of samples. 
 
2.5 Statistical Analysis 
 
The t-test was carried out using a software program (SPSS 19.0,SPSS Inc.,Chicago,USA) to 
check the significance differences among the studied groups and p value less than 0.05 was 
considered statistically significant. 
 
3. RESULTS AND DISCUSSION 
 
The mean of titer of Anti-Cytomegalovirus IgG in TB patients sera was 2.03 pg/ml, while in 
control subjects was 1.43 pg/ml (Table 1). This study shows a significant difference between 
TB patients and controls when p value was less than 0.001. This finding were matched with 
Karalian [11] who mentioned that  infection of chronic Cytomegalovirus in patients with 
tuberculosis is rather significant and in several times exceeds similar parameters in healthy 
persons. Chronic viral infections have been identified as a risk factor for developing and 
complicated tuberculosis [12]. This finding also supports suggestion that cytomegalovirus 
activates tuberculosis from latent to active form. This is based on several epidemiological 
reports, and the plausible mechanism is the suppression of delayed type hypersensitivity 
after CMV infection [13]. Thus, depending on the results of this work, CMV infection lead to 
immune suppression causing decrease in the CMI while increased susptibility to TB infection 
during immune suppression. 
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In this study, the concentrations of IFN-γ and IL-2 were (0.195 pg/ml) and (0.409 pg/ml) 
respectively. There was no significantly difference for patients when compared to controls, 
(Table 1). 
 

Table 1. Level of Anti-Cytomegalovirus IgG and Conc entration of IFN- γ and IL-2 
 
Subject  Anti -CMV IgG 

Mean(pg/ml) ±SD 
IFN-γ 
Mean (pg/ml) ±SD 

IL-2 
Mean(pg/ml)±SD 

Patients (n = 70)  2.03±0.46 0.195±0.034 0.409±0.145 
Controls (n = 30)  1.44±0.46 0.190±0.043 0.470±0.146 

 
The whole mark of normal immune response in TB patients is elevation on the level of Th1 
cell cytokines mainly IFN-γ and IL-2 to an amount that much greater and significant than 
normal subjects. Whereas in this study there is no significant difference between two groups. 
This means that TB patients involved in this study have a low level of IL-2 and IFN-γ that 
may be insufficient for activation of T cell proliferation and activation of the mycobacteriocidal 
activity of alveolar macrophages.The results of non increasing TH1 cytokine profile in TB 
patients  indicates the presence of reduced cell mediated in TB patients in spite of the 
presence of mycobacterial antigens. This unresponsiveness reflects an inhibitory signals for 
cell- mediated immunity induced by CMV which is considered as on viruses with potential 
activity to induce immune anergy. This finding was matched with Frascaroli et al. [14] who 
mentioned that CMV suppresses lymphocyte proliferation to T cell mitogens and prevents 
lymphocytes and monocytes from producing and responding to immune mediators, such as 
IL-1 and IL-2, in addition, CMV inhibits cytotoxic and NK cell activity [14]. Carsillo et al. [15] 
mention that there is in vivo and in vitro evidence of Th2 polarization in cytokine responses 
during and after CMV infection: production of IL-4 increases while the production of IL-2 and 
IFN-γ decreased [15]. Yu et al. [16] fund that CMV causes up-regulation of CD4+ and 
CD25+ Treg that contribute to the increased IL-10 and found significantly increased 
sustained IL-10 secretion. Wiertz et al. [17] reported that Cytomegaloviruses, as do many 
Herpes viruses, impair T cell activation by interfering with both MHC class I and II antigen 
processing and presentation. Cytomegalovirus is able to affect the capacity of infected cells 
to present antigen to T cells by interfering with the major histocompatibility complex-
presentation pathway and induce a down-regulation of cellular proliferation [18]. 
 
This study shows a significant difference in the concentration of IFN-γ and IL-2 between 
diabetic and non-diabetic TB patients when the p value of both IFN-γ and IL-2 were less than 
0.05, (Table 2).  
 

Table 2. Effect of Diabetes Mellitus on Cytokine Pr ofile in TB Patients 
 
Subject  Diabetic (n = 29)  Non-diabetic (n = 41) P value  
IFN-γ (Mean ±SD) 0.184±0.033 0.202±0.032 0.024 
IL-2 (Mean ±SD) 0.362±0.032 0.443±0.182 0.008 
 
These results show a significant decrease in the concentration of both cytokines IFN-γ and 
IL-2 in diabetic TB patients. This finding was matched with Velez and Bhalla, (2012) reported 
that diabetic TB patients have lower serum IFN-γ and IL-2 concentration than non-diabetic 
TB patients [19]. Our finding is in agree with Syed et al. [20] who found that lower levels of 
serum IL-2, IL-6 and IL-10 in diabetic TB patients and explained that the presence of high 
levels of circulating glucose induce tolerance and lead to high resting cytokine production. 
Recent studies proofed that diabetic TB patients have an impaired ability to up-regulate 
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important cytokines and adhesion molecules, and these findings may provide a mechanistic 
explanation for the increased risk of and adverse outcome from infection that is observed in 
diabetic patients [21,22]. 
 
4. CONCLUSION 
 
Thus from the results expressed above, CMV and DM may be considered as predisposing 
factors for TB by suppression the cell–mediated immunity and increasing the host  
susceptibility to tubercle bacilli. 
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