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Abstract 

The aim of this study was to evaluate the level of CD4
+ T cells, Plasma HIV RNA and 

Regulatory T cells (Treg cells) in HIV infected patients under Antiretrovial Therapy (ART) 

attending Ruhengeri Hospital. Fifty-one HIV infected patients and fifteen healthy controls were 

included in this cross-sectional study. HIV infected patients showed a high percentage of Treg 

cells than control subjects (p=0.023) and HIV patients in World Health Organisation (WHO) 

clinical stage III presented a high level of Treg cells when comparing to patients in stages I and 

II. A moderate inverse correlation was found between the viral load and CD4
+ cell count (r = 

0.506 and p < 0.001). These findings could help to know if preserving or boosting Treg 

population can avoid the deterioration of immune system and to improve the immune 

homeostasis in HIV patients.  

Keywords: CD4+ T cells, plasma HIV RNA, regulatory T cells, antiretrovial therapy 



��������	
��������
���������	�������� ����	����������������������������������������������           

98       

1. Introduction  

Regulatory T cells (Treg cells) are widely recognized as subset of CD4 cells confined to CD4
+ 

CD25
+ FoxP3+ T cells capable of suppressing the activation, proliferation, and function of a wide 

variety of immune effector cells, including CD4
+ and CD8

+ T cells (Shevach, 2009). Previous 

studies have reported that Treg cells are implicated in a number of pathologic processes 

including elevated levels in cancers and infectious diseases, and reduced levels in autoimmune 

diseases (Holmes et al., 2008; Jiang et al., 2008). Those cells are activated to modulate immune 

responses to avoid over-reactive immunity. However, there is very little in the literature on Treg 

cells expression in HIV patients (Terzieva, 2009; Weiss, 2010; López-Abente et al., 2016). The 

aim of the present study was to assess the characteristics of HIV patients with different clinical 

phases and to evaluate the relationship between the expression of Treg cells and disease 

progression in HIV positive patients under antiretroviral therapy.  

2. Materials and methods 

2.1 Study site and participants 

This cross-sectional study was conducted at Ruhengeri Hospital (RH), Musanze District. The 

participants were HIV-infected individuals under ART attending RH for routine viral load exam. 

Among 90 HIV infected patients appointed for viral load from April to July 2017, 51 HIV-

infected patients were selected randomly. In addition, 15 HIV non-infected volunteers were also 

included in this study as controls. 

2,2 Ethical consideration 

Ethical clearance was obtained from the Institut d’Enseignement Superieur (INES) de Ruhengeri 

ethical review committee. Besides, the informed consent was approved by Head of ART service. 

HIV-infected subjects who agreed to participate in the study were given a clear description and 

purpose of the study and were informed that all data would be kept confidentially. The 

agreement to participate was voluntary, and each study participant signed the consent form after 

agreeing for participation.  

.
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2.3 Data and blood collection and processing 

Peripheral venous blood samples were collected in EDTA tubes for Treg cells analysis, viral load 

and CD4 cell count exams. The laboratory analyses were conducted at National Reference 

Laboratory and Ruhengeri Referral Hospital. A retrospective look was conducted on preceding 

medical history and information, like WHO clinical staging and the date of ART initiation 

recorded in ARV services of RH.  

2.4 Quantification of CD4
+ T-cells and plasma HIV-RNA level 

The quantification of CD4
+ T-cells was performed through Becton Dickinson FACScount. 

Plasma HIV RNA level was measured by a quantitative real-time polymerase chain reaction 
using Cobas Ampliprep/COBAS Taqman according to the manufacturer’s instructions. The viral 
load assay had a detection limit of < 20 HIV-RNA copies/mL.  

2.5 Flow cytometric analysis of Treg cells 

The phenotyping was performed on fresh whole blood using conjugated monoclonal antibodies 
(mAbs) to CD3, CD4 and FoxP3. Monoclonal antibodies conjugated to phycoerthin (PE), 
perdininchlorophyl protein (PerCP) and allophycocyanin (APC) were used for immunostaining 
as following: anti-CD3-APC, anti-CD4-PerCP and FoxP3-PE. For cell surface immunostaining, 
the fluorochrome conjugated was added to anti-conjugated whole blood which in return was 
lyzed by Red Blood cell (RBC) lysis solution. At the end of cell surface staining, cells were 
resuspended in Cell Staining Buffer. For the intracellular staining of FoxP3, cells were fixed and 
permeabilized using fixation/permeabilization kit according to manufacturer’s protocol. The 
analyses were performed with FACScalibur and FlowJo software on at least 10,000 events.  

2.6 Statistical analysis 

Viral load in individuals with HIV RNA level below the quantification limit was considered to 

be 20 copies /mL for statistical purpose. Karl Pearson’s correlation coefficient analysis was used 

to assess the association between viral load, CD4 cell count, duration to ART and WHO clinical 

stages. The comparison of Treg cells was done in HIV-infected subjects and health subjects. All 

Statistical analyses were performed using the Statistical Packaging for Social Sciences (SPSS), 

version 20. A p-value of less than 0.05 was considered statistically significant.   
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3.  Results 

3.1 Demographic characteristics of study participants 

During a period of 3 months, 90 HIV-infected individuals attending RH were recruited but only 

51 were selected randomly to assess the level of CD4
+ cell count, viral load and Treg cells. 

Fifteen healthy volunteers were also included in this study as controls. The demographic 

parameters of the study participants are summarized in table 1. The study patients were 

predominantly aged between 26-40 years (47%) and the majority of them were females (62%).  

Table 1: Demographic characteristics of study participants (n=90) 

Characteristic HIV positive patients Healthy controls 

Number Percentage Number Percentage 

Age ��� 17 18.9 3 20 

[26-40] 42 46.7 6 40 

[41-55] 21 23.3 5 33.3 

��� 10 11.1 1 6.6 

Gender Male 34 37.8 7 46.6 

Female 56 62.2 8 53.3 

 

3.2 WHO stages of study patients  

At the enrollment in ARV service, each infected individual should have a complete medical 

history, physical examination, and laboratory evaluation and should be counselled about the 

implication of HIV infection. In addition to that information, WHO clinical staging should be 

assigned for each subject once HIV infection is confirmed by serological and/or virological 

evidence. Among 90 HIV-infected individual enrolled, 41 were classified in clinical stage I, 32 

in clinical stage II and 17 were classified in the third clinical stage (Table 2). This study showed 

that around a half of enrolled subjects (45.5%) were classified in stage I. Stage clinical parameter 

is created based on clinical symptoms manifested by client at the enrollment.  
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Table 2: WHO clinical stages of study patients (n=90) 

WHO clinical stage Number Percentage 

I 41 45.5 

II 32 35.6 

III 17 18.9 

 

3.3 Clinical parameters of study patients 

As shown in table 3, 51 subjects were analyzed for both CD4 cell count and viral load. The 

results have shown that 10 patients (19.6%) presented CD4 cell count less than 350, 7 (13.7%) 

displayed a CD4 cell count between 350 and 500, while individuals with more than 500 cells 

/mm3 were 34 (66.7%). Concerning viral load, individuals with HIV RNA level less than 20 

were 37 (72.5%), in the range over 20 to 199 copies/ mL they were 6 (11.8%), form 200 to 999 

copies/mL they were 3 (5.9%), then the last group of viral load equal or greater than 1,000 

consisted of 5 (9.8%) individuals. Regarding the duration to HAART, 7 (13.7%) individuals 

experienced HAART not greater than 12 months, 10 (19.6%) experienced medication between 

13 and 36 months, 14 (27.5%) experienced in the interval of 37-60, while 20 (39.2%) practiced 

the treatment since 61 months. 
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Table 3: Clinical parameters of study patients (n=51) 

Parameter Number Percentage 

WBC count, x103 cells / μl <2.90 8 15.7 

2.90-9.00 38 74.5 

>9.00 5 9.8 

Lymphocytes, x103 cells / μl <0.61 11 21.6 

0.61-5.30 33 64.7 

>5.30 7 13.7 

CD4 cell count (cells/mm3)  <350 10 19.6 

350-500 7 13.7 

>500 34 66.7 

Viral Load (copies/mL)  20 37 72.5 

>20-199 6 11.8 

200-999 3 5.9 

����� 5 9.8 

Prior Drug experience ��� 7 13.7 

13-36 10 19.6 

37-60 14 27.5 

��� 20 39.2 

 

3.4 Relationship between viral load, CD4 cell count, WHO staging and Duration to ART 

The table below shows the results about the relationship between HIV RNA measurement, CD4 

cell count, WHO clinical staging and prior to drug experience.  
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Table 4: Correlation between independent variables and dependent variables (n = 

51) 

 Viral load CD4 cell  count WHO Stage Prior to Drug 

experience 

Viral load R 1 -.506** .076 -.091 

p-value  .000 .598 .527 

N 51 51 51 51 

CD4 cell  count R -.506** 1 -.245 .135 

p-value .000  .084 .343 

N 51 51 51 51 

WHO Stage R .076 -.245 1 .205 

p-value .598 .084  .150 

N 51 51 51 51 

Prior to Drug 

experience 

R -.091 .135 .205 1 

p-value .527 .343 .150  

N 51 51 51 51 

**. Correlation is significant at the 0.01 level (2-tailed). r: Karl Pearson Correlation 

 

The results have shown that there was a moderate but significant inverse association between 

CD4 cell count and viral load (r = -0.506, p < 0.001). Also, there was a moderate but not 

significant association between viral load and duration to ART. Interestingly, there is very weak 

positive but not significant correlation between viral load and WHO clinical staging (r = 0.076, p 

= 0.598).  

3.5 Frequency of regulatory T cells among study groups 

The frequency of Treg cells was evaluated and the results have shown that the percentage of 

CD4
+ FoxP3+ Treg cells was statisticaly significant high in HIV-infected patients comparing with 

that of HIV non-infected subjects (p-value=0.023) (Fig.1). All the patients in stage I, II and III 

demonstrated significantly higher levels of CD4
+FoxP3+ Treg cells compared to HIV non-

infected subjects. 
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The results have also shown that patients in clinical stage III presented a high level of Treg cells 

when comparing to patients in other clinical stages.  This increasing of Treg cells in the 

advanced phase of HIV infection may suggest the relationship between Treg cells and HIV 

disease progression.  
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Figure 1: The percentage of Treg cells in healthy subjects and HIV patients 

(p=0,023). 

4.  Discussion 

HIV RNA levels and CD4 cell count were inversely associated in this study. Other previous 

studies have also shown that those parameters are alternatively valuable in HIV infection 

prognosis assessment (Marschner et al., 1998). The main aim of this study was to evaluate the 

level of Treg cells in patients with HIV infection. CD4
+CD25

+FoxP3+ are considered critical in 

preventing autoimmunity by suppressing immune responses to self-antigens and in regulating 

immunity to foreign antigens, especially those derived from pathogen that establish persistent 

infection (Belkaid & Rouse, 2005).  

Few studies have previously investigated Treg cells in HIV infection by assessing their 

frequency and number in peripheral blood, mucosa and lymphoid tissue (Fazekas & Landay, 

2008; Seddiki & Kelleher, 2008). Results have varied in part because no single set of Treg cells 
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markers has been consistently used. Nevertheless, there is usually an increased frequency of Treg 

cells in lymphoid tissues of HIV-infected persons (Kinter et al., 2006; Krathwohl et al., 2006). 

Nilsson et al. (2006) in their study oriented to Treg in lymphoid tissue, showed that HIV-specific 

responses against viral replication is associated with low number of lymphoid tissue CD4
+FoxP3+ 

T-cells, whereas uncontrolled active viral replication is associated with a high number of these 

Treg cells. This expansion of Treg cells may be due to direct interaction between CD4 and gp120 

protein (Calles et al., 2010).  

Natural Treg cells mediate suppressive effect as it was found in several retrovirus system 

(Dittmer et al., 2004). Beilharz et al. (2004) showed an association of increase of putative natural 

Treg cells in perphery and disease progression in the mousse model of Acquired 

Immunodeficiency Syndrome (AIDS). AIDS is associated with depletion CD4
+ T-cells and 

pogressive immune dysfunction. Removal of Treg cells contribute to increased anti-HIV CD4
+ T-

cells responses (Aandahl et al., 2004). Furthermore, HIV-specific CD4 and CD8 T-cell responses 

are substantially abrogated by Treg cells in vitro among HIV-infected subjects. Such suppressive 

function supports the idea of involvement of natural Treg cells (Kinter et al., 2004). 

However, despite all those studies, it is still unclear whether Treg cells are detrimental to HIV 

infection because they suppress HIV-specific responses, or if they are beneficial because they 

decrease immune activation associated with HIV infection. HIV binding to Treg cells not only 

allows the cells to migrate and accumulate in lymphoid tissues and mucosa, it also increases Treg 

cell suppressive function (Ji & Cloyd, 2009).  

This study was subject to some limitations. First, the study groups used were relatively small, 

which limited the ability to perform detailed subgroup analyses. Second, to define Regulatory T 

cells, only CD4 and FoxP3 markers were used. There is still controversy about identification 

markers of human Regulatory T cells. 
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5. Conclusion 

It is concluded that in addition to alternative importance of viral load and CD4
+ cell count in HIV 

infection prognosis, the percentage of Treg cells in HIV infected patients is higher than that in 

HIV non-infected individual. Thus, the manipulation of these cells in HIV infected patients 

should be used in improving their immunological status. Thanks to an ongoing research in this 

area, a better understanding will be achieved.  
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