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 Abstract - Background: The CD4+ T  lymphocyte is used in 

disease staging in both HIV and Tuberculosis/HIV co 

infection. Its cost   and technical requirements have   

necessitated   search for alternative tests. The search for a 

cheaper surrogate for the CD4+ T lymphocytes count is 

imperative in resource limited settings dependent on donor 

funding as ours   necessitated this study.  

Materials and method: The study subjects were new patients 

who presented to Ahmadu Bello University Teaching 

Hospital (ABUTH) Zaria during the study period. They 

underwent clinical evaluation, relevant investigations. Those 

found to be co infected with TB/HIV further had CD4+ T 

lymphocytes count, beta-2-microglobulin (β2M) and 

Erythrocyte Sedimentation Rates (ESR) evaluated and were 

consecutively included in the study. HIV negative 

tuberculosis patients and normal persons served as controls. 

Findings: Seventy five study subjects were included in the 

study. Their mean CD4+ count was 178 ± 116.81 cells/ul., 

serum beta -β2M level was 3.29mg/L, tuberculin skin test 

(TST) reaction was 5 ±6.7mm and erythrocyte sedimentation 

rate (ESR) was 67.88 ± 37.32mm/hr, which were statistically 

significantly different from the TB only and controls. 

Conclusion and recommendation: The ESR and the TST 

reaction had weak and moderate predictive values for CD4+ 

count respectively. The association is too weak for these to be 

recommended as surrogates for CD4+ T lymphocytes count 

and progression in HIV/TB co infected patients. 

 

Index Terms-  Cellular immunity, immune markers,HIV,  

Tuberculosis . 

 

I. INTRODUCTION 

The Human Immunodeficiency Virus (HIV) and 

Mycobacterium tuberculosis are both intracellular 

organisms, which target the CD4+ cells of the monocytes, 

macrophage lineage and T lymphocytes.[1]   HIV targets, 

destroys and impairs the function of these cells thereby 

suppressing cell-mediated immunity, which is necessary 

for protection against intracellular organisms.[2] Infected 

individuals are thus prone to infection with intracellular 

organisms including tuberculosis.[3] ,[ 4], [5]   Experimental 

studies have shown that exposure of macrophages and 

T-lymphocytes from HIV infected patients to 

mycobacterium in vitro increased viral replication.  
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Also pleural fluid from tuberculosis patients showed 

increased viral multiplication in activated lymphocytes. 

This is attributed to increased production of tumor necrosis 

factor alpha (TNF-α), Interleukins 1 and 6 (IL-1 and IL-6) 

by macrophages activated by the tuberculosis bacilli.[6] ,[7] , 

[8 ], [9] 

There is thus an established cycle of enhanced progression 

of each disease. HIV patients co-infected with tuberculosis 

deteriorate more rapidly with adverse outcomes than those 

without tuberculosis.[8] This is indicated by a more rapid 

decline in cellular immunity (CD4+ T cells) and an 

elevation of levels of markers of immune activation like 

neopterin, β2M ,TNFα, and P24 antigen  than found in 

either disease alone.[10] [11] , [12], These and other indicators 

of the inflammation and activated immune status such as 

the erythrocyte sedimentation rate (ESR),C-reactive 

protein (CRP) and tuberculin skin test (TST) reactivity 

have been  evaluated for use as cheaper alternatives to 

CD4+count in assessing the stage of immune-suppression 

as well as for progression of disease without any 

consensus.[13],[ 14],[ 15], [16]  

The search for an easier test and cheaper alternative to 

CD4+ cell count for staging of and prognostication of HIV/ 

TB co infection is relevant in our country that depends 

mainly on donor agencies for financing of their HIV and 

TB programmes.  

The study was undertaken to evaluate the cellular immune 

status and immune activation markers in newly diagnosed 

HIV seropositive tuberculosis patients in Zaria and 

identify a possible surrogate for CD4+ count for disease 

staging and monitoring of progression and treatment 

response. 

 

 

II. MATERIALS AND METHODS 

 

A cross sectional descriptive study was carried out at 

Ahmadu Bello University Teaching Hospital (ABUTH) 

Zaria, a tertiary health care institution in the north western 

part of Nigeria from March 2007 to December 2008. The 

hospital draws its clientele from mainly from Kaduna and 

the surrounding states. It was a hospital based study which 

utilized convenience sampling method whereby patients 

were enrolled as they came into the hospital and satisfied 

the inclusion criteria.  

The study subjects were patients who presented to the 

Tuberculosis and HIV clinics of the ABUTH Zaria 

respectively, or were admitted to the medical wards of the 
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hospital and on evaluation, found to be co-infected with 

HIV and Tuberculosis. They were treatment naïve for both 

infections or had not used antiretroviral drugs in the 

preceding six months. 

Inclusion criteria for study subjects were: a. Age 

≥15years,b. Symptoms; signs and laboratory evidence of 

tuberculosis, c. Double ELISA  positivity to HIV-1 or 2 

antibodies (or both), d. Provision of informed consent. 

The Exclusion criteria were: a. Age <15 years, b. Presence 

of non-HIV related conditions likely to suppress immunity 

like cancers, diabetes mellitus,  overt renal disease, steroid 

therapy and pregnancy. 

c. Use of antiretroviral drugs (ARVs) or 

immunosuppressive therapy 6 months prior to diagnosis of 

tuberculosis, 

d. Refusal to have HIV testing. 

Inclusion and exclusion criteria for the TB controls were 

the same except for HIV positivity. 

Ethical Approval was obtained from the Ethics and 

Research committee of the Ahmadu Bello University 

Teaching Hospital Zaria. All the subjects signed or thumb 

printed an informed consent form. 

A. Study Protocol 

All participants were interviewed by the investigator using 

a drawn up protocol, which contained the biodata, major 

symptoms and HIV risk factors. A general and systemic 

physical examination was carried out and recorded.  The 

participants underwent the following investigations: Full 

blood count, erythrocyte sedimentation rate (ESR) Chest 

X-ray, HIV ZN Sputum staining for Acid Fast bacilli 

(AFB) ×3 and mantoux testing. Those with diagnosis of 

HIV/TB co infection or TB alone were enrolled as study 

subjects and controls respectively and further had 

CD4+cell count and β2M estimation. 

   HIV status was determined by Enzyme Linked 

Immunosorbent Assay (ELISA) test using the Determine 

HIV 1and 2 (Abbot Laboratories, Japan) and 

Immunocomb HIV 1 and 2 (Orgenics, Israel) test kits to 

double test for HIV antibodiesThe ESR was carried out 

using the standard Westegren method and recorded in 

millimeters per hour.Tuberculin skin testing (TST) was 

carried out using the Mantoux technique. The standard 

0.1ml of 5TU purified protein derivative (PPD) was given 

by intradermal injection in the anterio-lateral part of the 

mid-forearm. The subjects were instructed not to scratch or 

use water on the injection site until reaction was read. The 

reaction, adjudged by the indurations across the forearm 

was read at 72 hours. All results were reported in 

millimeters.The CD4+ lymphocyte count was measured 

using the Partec CyFlow counter (Partec GmbH Munster, 

Germany) machine which uses the principle of flow 

cytometry. Quqntitative   β2M levels were measured in 39 

randomly selected study subjects, 20 TB and 20 healthy 

controls using the enzyme linked immunoassay (ELISA) 

technique. Demeditec Diagnostics GmbH kit (Kiel, 

Germany) was used.  Serum for estimation was separated 

from  whole blood and immediately stored  at -200 C until 

the pooled samples were analyzed, which was done 

according to manufacturer's instructions.All the 

investigations were carried out in the hospital's 

laboratories by staff who were experienced in carrying out 

such investigations using available standard procedures. 

Staff of the department of radiology and community health 

carried the chest radiographs and, tuberculin skin test 

(TST) using respectively Diagnosis of tuberculosis was 

based on the WHO recommendations for resource poor 

countries .[17] 

III. STATISTICAL ANALYSIS 

Data obtained comprising the Biodata, Laboratory results, 

was analyzed using the statistical Package for social 

sciences (SPSS) for windows software version 11.5. All 

values were expressed as means ± standard deviation and 

qualitative data as percentages. Student's t-test and 

Chi-square were used to assess the difference between the 

various variables and groups as appropriate. Pearson's test 

of correlation was used to check association between 

variables and groups. One-way ANOVA test was used to 

compare multiple groups. Linear and multiple regressions 

were conducted to find out predictive values of relevant 

variables. A P-value of ≤ 0.05 was taken as statistically 

significant and confidence intervals were reported at 95%. 

IV. RESULTS 

Seventy five (75) co-infected participants certified the 

criteria and were enrolled as study subjects. . Their age 

range was 18-55 years with a mean of 34.03 ± 8.34 years. 

The age groups 25 to 34 years (45.3%) and 35 to 44 years 

(32%) accounted for the bulk of this group (Figure1).There 

were 36(48%) males and 39(52%) females. Twenty-five 

(69.4%) of males and 28 females (71.8%) were married. 

(table1). Thirty-five (35) HIV negative tuberculosis 

subjects and twenty (20) HIV negative apparently healthy 

(normal) persons comprising of blood donors and other 

volunteers with no other risk factors for 

immune-suppression or evidence of tuberculosis were 

used as controls.  

There was no statistically significant difference in the age 

and gender of the study subjects and the two control groups 

(table1).   
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Figure 1: Age distribution of study subjects and controls 
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        Table 1: Marital Status of   Study subjects and TB Controls. 

 

Marital 

Status 

study subjects                 TB controls 

         

Male  

N (%) 

     

Female 

N (%) 

         

Male 

N (%) 

            

Female 

N (%) 

Married 25 (69.4)  28 (71.8)  12 

(63.2) 

            12 

(75.0) 

Single  10 

(27.7) 

 10 (25.6)   7 (36.8)              4 

(25.0) 

Divorced  1   (2.8)      1   

(2.6) 

     0   

(0.0) 

             0   

(0.0) 

Total        36  

(100) 

     39  

(100) 

         19  

(100) 

              16 

(100) 

  

A. Immunological profile and immune activation markers: 

The mean CD4+count of the study subjects was 

178.96±116.81 cells/mm3 with a range of 15 – 500 

cells/mm3 as against 630 ± 187.95 (range 241-1049) 

in the TB controls (p=0.01). 61.3% of study subjects 

had CD4+ count less than 200cells/mm3   while 88% 

had CD+ count less than 350cells/mm3 .There was a 

statistically significant difference between the 3 

groups when the study subjects and controls were 

matched according to their degree of immune status 

(tables 2).  Using the ANOVA one way and post hoc 

tests, there was significant difference in mean levels 

of beta-2-microglobulins (β2M) between the 3 groups. 

The study subjects had higher mean level than TB and 

healthy controls (p=0.01) (table 2) The mean 

erythrocyte sedimentation rate of the study subjects 

was 97.4 ± 29mm/hr compared to 67.88 ± 

37.32mm/hr and 23.60 ± 1.27mm/hr in the TB and 

healthy control groups respectively (p=0.01) (table 

2).Using the post hoc test, there was also a statistically 

significant difference between the groups. The mean 

TST  reaction  of study subjects  was 5mm ± 6.7 

compared to 13mm ± 4.98 and 11.73 ± 0.42mm in the 

TB   and  controls respectively (p=0.01). Using the 

post hoc test, there was a statistically significant 

difference between the study subjects and control 

groups (p=0.01), but none between the TB and the 

healthy control group (p=0.35) (table 2). 

B. Correlation of CD4+ with immune activation markers: 

 

Forty-six (61.3%) of the 75 study subjects had CD4+ 

cell count< 200/ul with only 8(18%) having CD4+ 

count >350 cells/up  (table2). Thirty-eight (82%) of 

the study subjects had TST reaction of < 5mm( table3 

). Pearson correlation was conducted to find out any 

association between CD4+ cell count, TST reaction, 

ESR and β2M of study subjects. A positive correlation 

was established between CD4+ cell count and TST 

reaction of the study subjects while a negative 

correlation was established (Pearson's r = - 0.30, 

p=0.01) between CD4+ and ESR of the study subjects 

(table 4). No such relationship was found in the TB 

controls. CD4+ count and β2M did not show any 

statistically significant relationship in both study 

subjects (Pearson’s r = - 0.028, p =0.09) and TB 

controls (table 4).Linear regression was used to 

establish the predictive value of TST reaction for 

CD4+ count (r=0.31, p=0.01) and the equation for 

calculation of y (CD4+ count) from the known TST 

reaction size (x) of the study subjects (figure 2). It also 

established a weak predictive value of ESR for CD4+ 

(r = -0.08, p=0.01), and the equation for calculation of 

y (CD4+ count) from the known ESR (x) of the 

subject. (figure3)The TST reaction best predicted 

advanced immunosuppression (CD4+ < 200cells/ul.). 
 

Table 2: Mean CD4+, ESR, TST, B2M values of study subjects and controls. 

 

Parameter study subjects TB Healthy controls P  -value 

     
CD4+ (cells/ul)  17896 ± 118.81 630.22±184.96 662.70±161.44* 0.01* 

ESR(mm/hr) 97.42 ± 29.45 67.86 ± 37.32 23.60±1.27** 0.01* 

TST reaction  (mm) 5.04  ± 6.71         13.20 ± 4.99 11.73±0.42** 0.01* 

B2M(mg/L)  3.29 ± 0.40 2.93 ± 0.18 2.55 ±0.20** 0.01* 

 

Distribution of study subjects and controls by cellular immunity (CD4+) status 

CD4+count 

(Cells/up) 

  Study   subjects 

    N (%) 

                TB 

N (%) 

Healthy controls 

N (%) 
 

     

<200 46 (61.3) 0   (0.0) 0   (0.0)  

200-350 21 (28.0) 1   (2.9) 0   (0.0)  

351-500 8 (10.7) 7 (20.0) 2 (10.0)  

>500 0   (0.0) 27 (77.1) 18 (90.0)  

Total 75  (100) 35  (100) 20  (100)  

anova; f=279.8   p=0.01
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Table 3: CD4+ counts and TST reaction of study subjects: 

TST reaction CD4+<200cells/up 

N 

            CD4+200-350cells/up 

N 

CD4+351-500cells/up 

N 

Total 

N 

<5mm 38 4 2 44 

5-15mm 6 15 5 26 

>15mm 2 2 1 5 

Total 46 21 s8 75 

 

Key: N = number of subjects

 

 

Table 4: Pearson's   correlation of CD4+ count and immune activation markers in study subjects 

CD4+ VS Immune marker Pearson's r       P value       N 

CD4+VS  B2M      - 0.028          0.87       39 

CD4+VS  ESR      - 0.300        0.01*       75 

CD4+VS TST reaction       0.560        0.01*       75 

Key: * = Statistically significant correlation, N = Number analysed 
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Figure  2: Regression of CD4+Cell Count on TST Reaction of Study subjects. 
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Figure 3: Regression of CD4+ count on ESR of study subjects 

  
                                     

 

V.   DISCUSSION 

 

 The mean CD4+ T lymphocytes count was significantly 

lower in the  study subjects compared to the controls, with 

over 61% having CD4+ count of <200cells/ul(p=0.01). 

Keiper et al in Philadelphia (USA) also reported 26 of 35 

(74)% of patients had CD4+ count  less than 200cells /uL,[18] 

while  Teck in Malawi  found that 89% of 158 HIV positive 

subjects with active or past TB without another HIV related 

disease  had CD4+ count less than 350 cells/Ul.[19]  Although 

tuberculosis can occur at any level  in the spectrum of 

HIV/AIDS immunity status, advanced immune suppression 

poses an increased risk for tuberculosis either as a 

progression to disease of a new TB infection or through 

reactivation of a quiescent TB focus.[20] , [21]      

The mean beta-2-microglobulin (β2M) levels were noted to 

be higher in study subjects than TB and healthy controls but 

had no relationship with any of the parameters against which 

it was tested including the CD4+count. This agrees with 

findings by Wanchi et al  that beta-2-microglobulin levels 

were more elevated in HIV/TB co-infection than when either 

disease occurred alone.[11] Ritcher  et al also demonstrated 

that HIV/TB co-infection was a strong factor for elevated beta 

-2 –microglobulins.[22]   β2M levels rise in response to cell 

activation or destruction, hence the marked elevation in co 

infection.. The levels in normal subjects in this study were 

higher than those in studies outside Africa [23]  , [24]. Africans 

have been reported to have persistently elevated β2 M levels 

as a result of recurrent or chronic malaria and helminthic 

infections.[23] The higher baseline levels did not appear to 

impair the rise associated with HIV/TB or co infection with 

both diseases as there was there was still a statistically 

significant difference among the groups. This implies that 

immune activation continues to take place in those with HIV 

and or TB infection despite prior elevation. As an alternative 

to the CD4+ count however, the lack of correlation and the 

cost of 10USD at which each test was done makes it 

uneconomical now since it is more costly than the CD4+ 

count and adds no other benefit. The TST reaction in the 

study subjects was significantly lower than TB controls.  

The tuberculin  reaction size of 82% of  study subjects who 

had CD4+ count less than 200cells/uL was <5mm(table 2). 

Mukadi   et al also found negative TST reaction in those with 

low CD4 + level <200cells/ul.25 The finding is also in 

agreement with those of other.[24] , [26] The sensitivity of 

tuberculin skin testing is inversely related to the degree of 

immunosuppression.14 Depleted and dysfunctional CD4+ T- 

cells as found in HIV/TB  co  infection are  unable to mount 

any immune reaction to antigens of invading organisms.[15] ,[ 

26]  

There was positive correlation between the TST reaction size 

and CD 4+ count indicating that those with higher TST 

reaction size had higher CD4+ count. However, predictive 

value of TST for CD4+ was weak at 31%.   

 There was a statistically significant difference in the mean 

ESR of the study subjects compared to TB controls although 

both groups showed raised levels above normal reference 

values. This finding could be explained by the degree of 

inflammation and immune activation which is more marked 

in HIV/TB co-infection than in TB alone.7   The ESR showed 

negative correlation with CD4+count  and also had a very 

weak (8%) negative predictive value for CD4+  meaning that 

higher ESR is associated with lower CD4+count and 

vice-versa.  

Conclusions: beta-2-microglobulin levels were higher in the 

study subjects than controls but there was no correlation with 

the CD4+ count. The ESR and TST had a weak and moderate 

predictive value for CD4+ count respectively.  

Recommendations: The investigated immune activation  

markers i.e  β2M, TST and ESR were too weak to act as 

surrogates for CD4+. More research in needed in pursuit of a 

stronger and cheaper surrogates. 

Study Limitations: Inability to measure other immnune 

activation markers like neopterin, tumour necrosis 

factor-alpha (TNF-α) and gamma interferon due to cost and 

logistics. 
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