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ABSTRACT 

Background: Pulmonary tuberculosis (PTB) and Human Immunodeficiency Virus/Acquired Immune Deficiency Syndrome 

(HIV/AIDS) are the major burden of infectious diseases in underdeveloped and developing countries. TB/HIV and TB pose 

significant global public health challenges, contributing substantially to morbidity and mortality worldwide. In 2022, there 

were 10.6 million newly diagnosed and officially notified TB cases globally, with 0.67 million individuals co-infected with 

HIV. Progressive suppression of the immune system in people living with HIV/AIDS (PLHIV) is the main predictor of PTB-

HIV co-infection; however, some other factors are being recognized. We therefore aimed to determine the relationship be-

tween serum selenium in the context of HIV infection and predictors of PTB-HIV co-infection among adult Nigerians at-

tending our HIV clinic.  

Methods: In this study, 140 HIV-positive patients who satisfied the inclusion criteria were included. We compared anthro-

pometric, clinical, and laboratory data for the 140 subjects with and without PTB. Results from univariate analyses informed 

the selection of variables to conduct multivariate analysis to determine the predictors of PTB-HIV co-infection. 

Results: The prevalence of PTB-HIV co-infection in the evaluated cohort was 20.71%. Mean ages of HIV patients with and 

without PTB were not significantly different: 34.76 ±6.79 vs 35.17± 9.43 years (p=0.847), while the majority of the patients 

were females [14 (48.3%) vs 82 (73.9%), p=0.008]. The mean ± SD of serum selenium (0.32 ± 0.31 vs 0.65 ± 0.43µmol/L, 

p=0.002), CD4 count (137.72 ±110.95 vs 324.30 ±229.29 cells/mm3, p<0.001), and body mass index (19.96 ± 3.31 vs 

22.03±3.43, p=0.005) were significantly low among patients with HIV-PTB co-infection compared with those with HIV 

infection only. Chronic cough 55.2% (p< 0.001), weight loss 69.0% (p< 0.001), skin rash 44.8% (p=0.004), pallor 48.3% 

(p=0.004), xerosis 34.5% (p= 0.003), fluffy hair 31.0% (p=0.002), blue nail 27.6% (p=0.008), and oral candidiasis 41.4 % 

(p=0.001) were also significantly associated with HIV-PTB co infection. In multivariate analysis, low serum selenium 5.7 

times (95% CI: 1.3–25.7, p=0.021), chronic cough was 5.1 times (95% CI: 1.8-14.1, p=0.002), and CD4 count 1.0 (95% CI: 

1.0 - 1.01, p=0.018) predict HIV-PTB co-infection. 

Conclusion: Chronic cough, low serum selenium, and low CD4 cell count predict PTB co-infection among Nigerians with 

HIV infection. While routine screening for PTB infection in the course of standard care is still essential, rational selenium 

supplementation and management strategies to prevent low CD4± cell count values may reduce HIV-related immune deple-

tion and morbidity, respectively. 
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1.0 INTRODUCTION 

Mycobacterium tuberculosis (TB) is the leading cause of 

infectious mortality from a single infectious agent, rank-

ing above Human Immunodeficiency Virus/acquired Im-

mune Deficiency Syndrome (HIV/AIDS) worldwide. In 

2023, a total of 10.8 million new cases of TB were re-

ported. The report reveals a persistently high burden of 

TB, especially in low and middle-income countries, and 

highlights the escalating issues of drug-resistant TB. 

Among these new cases, 6.1% were co-infected with 

HIV. The prevalence of TB varies considerably at the 

regional level. In 2023, about 24% of TB cases were from 

Africa [1]. The number of new HIV infections decreased 

between 2010 and 2024 by 56% in Sub-Saharan Africa, 

21% in the Caribbean, and 17% in Asia and the Pacific. 

Still, they increased by 94% in the Middle East and North 

Africa, 13% in Latin America, and 7% in Eastern and 

Central Asia. Among the countries with the highest inci-

dence is Nigeria, which ranked sixth on the list of coun-

tries responsible for 4.6% of new cases of TB that oc-

curred in 2023 [2].  

In the context of HIV, TB and HIV/AIDS co-infection is 

a fatal synergistic and bi-directional combination of in-

fection in which HIV/AIDS encourages the progression 

of dormant PTB infection into a disease, and PTB subse-

quently accelerates the progression of HIV/AIDS disease 

to poor prognosis, including death [3]. In 2016, 40% of 

HIV deaths were due to TB, and the scourge of multidrug

-resistant TB (MDR-TB) remains a public health crisis 

and health security threat [4]. The twin infections are a 

major reason why PTB control targets in environments 

with high HIV burden have failed.  

Tuberculosis (TB) remains the leading cause of death 

among people living with HIV (PLHIV). In 2023, TB 

accounted for an estimated 1.25 million deaths (including 

161,000 people with HIV), making it the leading cause of 

death due to AIDS-related deaths in the world.  In 2023, 

an estimated 10.8 million people fell ill with PTB world-

wide, including 6.0 million men, 3.6 million women, and 

1.3 million children. TB is present in all countries and 

age groups. TB is curable and preventable [5]. 

Nutritional challenges have been recognized both in TB 

and HIV infections. This challenge in TB may include 

macro- and micronutrient malnutrition, nutrient malab-

sorption, and increased metabolic demands, and may oc-

cur in the presence or absence of HIV. The co-existence 

of TB, HIV, and malnutrition has been popularly referred 

to as “triple trouble” [6]. Malnutrition is common among 

patients with active tuberculosis (TB) disease and is exac-

erbated by concomitant human immunodeficiency virus 

(HIV) infection [7]. Malnutrition in active TB represents 

the sum of previous malnutrition, which serves as a risk 

factor for TB, and new malnutrition, which develops as a 

consequence of active TB and its accompanying cytokine 

storm. Both malnutrition and HIV adversely influence the 

risk of TB disease and treatment outcome due to the im-

pairment of T-lymphocyte-mediated immunologic de-

fenses. Failure to gain weight during treatment of TB-

HIV is associated with an adverse prognosis [8]. Nutri-

tional alteration in tuberculosis,  HIV infection, or tuber-

culosis and HIV combined includes increased energy ex-

penditure, nutrient absorption, micronutrient malnutri-

tion, and increased production of inflammatory cytokines 

with lipolytic and proteolytic activity. The consequences 

of this uneasy triad may foster rapid progression of tuber-

culosis, reduced efficacy of anti-TB chemotherapy out-

come, and/or delayed recovery.    

Selenium deficiency has been documented widely in the 

context of both HIV and TB infection. The proposed 

mechanisms of low selenium could include induction of 

oxidative stress by infection, reduction of drug absorp-

tion, and/or utilization efficiency [9, 10]. 

A previous review revealed that the lowest level of mean 

serum selenium was found in TB patients co-infected 

with HIV and concluded that particular attention be given 

to their selenium status through nutritional supplementa-

tion [11]. The present study, therefore, examined the rela-

tionship between serum selenium in the context of HIV 

infection and HIV-TB co-infection and determined the 

predictors of low selenium in the HIV-TB co-infection 

state. 

 

2.0 METHODOLOGY 

This was a cross-sectional study involving 140 HIV posi-

tive patients attending the specialized HIV clinic of the 

LAUTECH Teaching Hospital, Osogbo. The protocol of 

patient recruitment consisted of 140 newly diagnosed 

HIV-positive patients (29 HIV patients with PTB and 111 

HIV patients without PTB). Both populations were ran-

domly recruited into the study. Every 3rd newly diag-

nosed HIV positive individual who sought attention in the 

clinic was recruited and examined at the clinic dedicated 

to PLHIV in Ladoke Akintola University of Technology 

Teaching Hospital (LTH), Osogbo, Nigeria.  The purpos-
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es and procedures of the study were explained to the par-

ticipants. Newly diagnosed HIV-positive patients with 

and without PTB who gave informed written consent 

were included. Other inclusion criteria for the subjects 

were age between 18 - 64 years, absence of smoking his-

tory [12], non-use of selenium-containing supplements 

before or during the study period and absence of any 

acute illness needing urgent medical or surgical interven-

tion. The age of 64 years was chosen as the upper limit 

because selenium status is known to decrease slightly 

among healthy older adults compared to younger adults 

[13]. The study protocol was approved by the Ethical Re-

view Board of LTH, Osogbo. 

The socio-demographic data obtained included age, gen-

der, education, employment, and number of partners. 

With the aid of a stadiometer, the participants’ heights (in 

meters) were obtained, and their weights (in kilograms) 

were obtained in light clothing using the weighing scale. 

Body mass index (BMI) was calculated using the formula 

weight (kg)/height2 (m2). We noted the current history of 

fever, pallor, weight loss, chronic cough, and diarrhea. 

Fever was recorded when the temperature was higher than 

37.2°C; weight loss was defined as unexplained weight 

loss of at least 5% of presumed weight in the prior month. 

Any cough was noted if it persisted for more than two 

weeks, or a cough of any duration in the context of HIV, 

and diarrhea was defined as daily passage of a minimum 

of three or more loose bowel motions in the prior one 

month. The participants were also carefully examined for 

skin rash, xerosis, fluffy hair, blue nails, and oral candidi-

asis. All examinations were completed under bright day-

light. All subjects were screened for tuberculosis using 

carefully done chest examination, chest X-ray, and spu-

tum tests on three occasions using the Ziehl-Neelsen 

method when this study was first conducted. In contrast, 

sputum for gene expert assay is now the gold standard. 

All participants with both PTB and HIV at the time of 

management were considered cases of PTB-HIV co-

infection. The procedure for CD4+ cell count estimation 

and assessment of serum selenium was previously pub-

lished [14]. Selenium concentration was estimated at the 

Science Research Laboratory of Rufus Giwa Polytechnic, 

Owo, Ondo State, Nigeria. Five millilitres of whole blood 

sample from the study participants were left on a labora-

tory table to clot, retract, and were centrifuged (Centaur 

MSE centrifuge machine made in Fisons, England) at 

3,500 rpm for 5 min, after which the serum was separated 

and stored at - 20 °C until assayed. The concentration of 

selenium was assayed after wet ashing by hydride gener-

ating atomic absorption spectrometry [15, 16], using an 

Atomic Absorption spectrophotometer - Model 210 

VGP, / Buck Scientific, East Norwalk, CT, USA, 2004) 

as previously described [15, 16]. Standard laboratory sele-

nium solutions containing known selenium content were 

used as a reference solution to control the quality of the 

analysis. The laboratory analyst was blinded as to which 

samples were subject or control. Two measurements were 

made for each sample, and the average of the observa-

tions was recorded as research data.  

Data analysis was done using version 20 of the Statistical 

Package for Social Sciences software (SPSS, IBM Corpo-

ration, Armonk, NY, USA). Categorical data were ex-

pressed as percentages, while continuous data were ex-

pressed as means ± standard deviation (SD). The Student 

t-test was used to assess differences between two means. 

Chi-square was used to analyze the differences between 

categorical variables, with Fisher’s test applied when ap-

propriate. Univariate and multivariate logistic regression 

models were used to determine the predictors of low se-

rum selenium in TB-HIV co-infection and were expressed 

as an odds ratio. Variables that were significantly differ-

ent were included in the multivariate model. A p-value 

less than 0.05 was considered statistically significant. 

2.1 Ethical Approval 

The ethical approval was obtained from the ethical com-

mittee of Ladoke Akintola University of Technology 

Teaching Hospital, Ogbomoso, Oyo State, Nigeria. All 

guidelines per Helsinki's declaration and good clinical 

practice guidelines were followed.  

 

3.0 RESULTS 

Of the 140 HIV infected participants recruited into the 

study, 29 (20.71%) participants had TB-HIV co-infection, 

all of which were pulmonary tuberculosis (PTB). No sig-

nificant statistical differences were seen in the age, educa-

tional level, employment status, number of partners, and 

weight of HIV patients with or without TB. The majority 

of the participants (60.1%) were females. The patients 

with TB-HIV co-infection were taller (1.64 ± 0.09 versus 

1.61 ± 0.07 m2, p = 0.040) and had lower mean BMI 

(19.96 ± 3.31 versus 22.01 ± 3.47 kg/m2, p = 0.001) when 

compared to those without TB-HIV co-infection (Table 

1). 

Patients with TB-HIV co-infection had a significantly 

higher prevalence of pallor (48.3% vs 21.6%,p=0.004), 
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weight loss (69.0% vs 27.9%,p<0.001), chronic cough 

(55.2% vs 14.4%,p<0.001), skin rash (44.8% vs 

18.9%,p=0.004), xerosis (34.5%vs11.7%,p=0.003), fluffy 

hair (31.0% vs 9.0%,p=0.002), blue nails (27.6% vs 

9.0%,p=0.008), and oral candidiasis (41.4% vs 

14.4%,p=0.001) when compared to those without TB-

HIV co-infection. No significant statistical differences 

were observed in the prevalence of fever and history of 

diarrhea among HIV patients with or without PTB. Also, 

patients with TB-HIV co-infection had significantly low-

er mean CD4 cell count (132.72 ± 110.95 versus 327.72 

±239.73 mm3, p < 0.001) and lower serum selenium 

(0.32 ± 0.31 versus 0.61 ± 0.46 µmol/L, p = 0.002) when 

compared to those without PTB-HIV co-infection (Table 

2). 

In the logistic regression analysis, low serum selenium 

was 5.7 times (95% CI: 1.3-25.7, p=0.021), chronic 

cough was 5.1 times (95% CI: 1.8-14.1, p=0.002), and 

CD4± cell count was 1.0 (95% CI: 1.0 - 1.01, p=0.018) 

capable of predicting TB co-infection with HIV (Table 

3). 

 

4.0 DISCUSSION 

In this study, we found a PTB frequency of 20.71% 

among HIV-infected patients attending our HIV clinic. 

Serum selenium, chronic cough, and CD4 cell count were 

also found to predict TB-HIV co-infection independently. 

A comparable but lower prevalence of PTB in HIV 

(17.8%) was observed in Nigeria [17]. The global preva-

lence of PTB-HIV co-infection is documented to be 6.3%

% [18], much lower than the 20.71% observed in the pre-

sent study. The TB-HIV co-infection global prevalence 

rate varies with the burden of TB in different parts of the 

world, which is worse in Africa. 

Serum selenium has been documented to be lower in 

PLHIV (people living with HIV) than in the HIV-

negative population due to the ability of HIV to act as an 

oxidative stress inducer that depletes its host of selenium 

by incorporating selenium into its human-like glutathione 

peroxidase enzyme [19, 20]. In this study, serum seleni-

um was significantly lower in patients with PTB-HIV co-

infection than in those without PTB-HIV co-infection. 

This finding is validated by studies that documented that 

levels of selenium progressively deplete with the stages 

of HIV infection and correlate with disease progression 

[21, 22]. This study showed that the lower the serum sele-

nium, as shown by about six times, the greater the ten-

dency to be susceptible to PTB, which was corroborated 

by previous studies as earlier cited above. Furthermore, 

low serum selenium was 5.7 times (95% CI: 1.3 – 25.7, 

Variables HIV 

Patients 

with 

PTB 

(N=29) 

HIV Pa-

tients with-

out PTB,  

N=111 

     

χ2/ t 

p-

value 

Mean Age (years) 34.76 ± 

6.79 

35.11 ± 9.32 -

0.194 

0.847 

Gender         
    Male 15 (51.7) 29 (26.1) 6.991 0.008 

    Female 14 (48.3) 82 (73.9)     

Education         
    No Education 1 (3.4)   10 (9.0) 6.664 0.083 
    Primary Education 17 (58.6) 37 (33.3)     
    Secondary Education  6  (20.7) 41 (36.9)     
    Tertiary Education 5 (17.2) 23 (20.7)     

Employment         
    Full time 18 (62.1) 57 (51.4) 2.592 0.459 
    Part time 1 (3.4) 1 (0.9)     
    Unemployed 10 (34.5) 52 (46.8)     
    Others 0 (0.0) 1 (0.9)     
Number of partners         
    Multiple 26(100.0) 86 (86.0) 4.095 0.129 
    Single 0 (0.0) 13 (13.0)     
    None 0 (0.0) 1 (1.0)     
Anthropometrics         
    Mean Height (M2) 1.64 ± 

0.09 

1.61 ± 0.07 2.077 0.040 

    Mean weight (Kg) 54.33 ± 

10.04 

57.42 ± 

10.22 

-

1.459 

0.147 

    Mean BMI (Kg/M2) 19.96 ± 

3.31 

22.01 ± 3.47 -

2.860 

0.005 

Table 1: The socio-demographic, Anthropometric, and Clinical characteris-

tics of study participant 

Variables HIV Pa-

tients with 

PTB (N=29) 

HIV 

Patients 

without 

PTB,  

N=111 

     χ2/ t p-value 

 Presence of fever 3 (10.3) 10 (9.0) 0.049 0.825 
 Presence of pallor 14 (48.3)   24 (21.6) 8.260 0.004 
  Presence of weight 

loss 

20 (69.0)  31 (27.9) 16.721 <0.001 

 Chronic cough 16 (55.2)  16 (14.4) 21.662 <0.001 
 History of  skin rash 13 (44.8) 21 (18.9) 8.394 0.004 
 History of diarrhoea 4 (13.8) 14 (12.6) 0.029 0.866 
 Xerosis 10 (34.5) 13 (11.7) 8.684 0.003 
 Fluffy hair  9 (31.0) 10  (9.0) 9.510 0.002 
  Blue nails 8(27.6)  10 (9.0) 7.082 0.008 
Oral candidiasis 12 (41.4) 16 (14.4) 14.869 0.001 
Mean CD4 count 

(mm3) 

132.72±110.

95 

327.72 

±239.73 

-4.145 <0.001 

MeanSerum Seleni-

um(µmol/L) 

0.32 ± 0.31 0.61 ± 

0.46 

-3.221 0.002 

Table 2. The  Clinical Characteristics of Participants 

Variables B Odd Ratio 95% CI of Odds Ratio p-

value 

CD4 Count 0.004 1.0 1.0 - 1.01 0.018 
Serum Sele-

nium 

1.756 5.7  1.3 – 25.7 0.021 

Chronic 

cough 

1.633 5.1       1.8-14.1 0.002 

Table 3: Binary Logistic Regression of Predictors of Pulmonary Tuberculosis Co-

infection among HIV Patients 
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p=0.021) capable of predicting HIV-PTB co-infection. 

This finding is corroborated by evidence that linked low-

er selenium levels to about a 20 times increased risk of 

opportunistic infections, Mycobacterium disease, poor 

quality of life, and a predictor of HIV associated mortali-

ty [23, 24].  

Normal levels of serum selenium have been shown to 

inhibit in vitro replication of HIV, and prevent the devel-

opment of opportunistic infections, including skin mani-

festations, and also prevent the progression of HIV dis-

ease [25, 26]. Previous study documented that low serum 

selenium level was significantly associated with numer-

ous skin diseases including xerosis, pruritic papular erup-

tion (PPE), fluffy hair, and blue-black nail hyperpigmen-

tation; and signs and symptoms of HIV disease progres-

sion such as pallor, weight loss, oral candidiasis, tubercu-

losis, diarrhea, pruritus, pallor, and low CD4± count [25-

27]. Many of these skin diseases are common in Africa 

among PLHIV and have been recognized as an indicator 

of advanced immune deficiency in HIV/AIDS [27]. This 

previous documentation is in line with our study, which 

shows that patients with PTB-HIV co-infection had a 

significantly higher prevalence of pallor, weight loss, 

chronic cough, skin rash, xerosis, fluffy hair, blue nails, 

and oral candidiasis, and significantly lower mean CD4± 

cell count when compared to those without PTB-HIV co-

infection. These findings suggest that patients with PTB-

HIV co-infection are undergoing advanced immune de-

pletion, and the numerous manifestations may be due at 

least in part to the lower levels of selenium seen in pa-

tients with PTB-HIV co-infection. 

In our study, CD4± cell count was also a predictor of 

PTB-HIV co-infection (1.0, 95% CI: 1.0 - 1.01, 

p=0.018). The link between lower CD4± cell counts and 

PTB-HIV co-infection observed in our study was ex-

pected since it has been well documented that with lower 

CD4± cell counts, the risk of opportunistic infections, 

including PTB increases significantly in PLHIV [21, 23]. 

The lower CD4± cell count seen in patients with PTB-

HIV co-infection could also explain our finding of nu-

merous skin diseases particularly oral candidiasis ob-

served in patients with PTB-HIV co-infection since 

CD4± cell count is an indicator of advanced immune de-

pletions and higher risks of opportunistic infections [27]. 

The association between low CD4± cell count and low 

selenium levels has been well established [25-27]. A nor-

mal selenium level is necessary for cell-mediated and 

humoral immunity [28]. Therefore, inadequate serum 

selenium will inhibit proper functioning of the immune 

system thereby allowing entry of opportunistic infections 

[28]. It is also well documented that HIV induces func-

tional immunocompetent cells destruction [28] and this 

has been recognized as an essential contributor to the 

pathogenesis of most of the HIV skin manifestations 

[28].  

TB has to be excluded in any HIV positive patient with a 

cough. In this study, chronic cough was significantly 

higher in PTB-HIV co-infection patients than in patients 

without PTB-HIV co-infection, and a 5.1 times signifi-

cant increase predicts PTB-HIV co-infection. Pulmonary 

TB-HIV co-infection-related stigma and financial con-

straints often prevent HIV seropositive patients from 

seeking early care for cough suspected to be PTB-related 

[28]. Our result suggests that any cough persisting for 

more than two weeks should be immediately screened for 

PTB in HIV patients and treatment commenced appropri-

ately. 

The prevalence of PTB-HIV co-infection in our settings 

is relatively high, and the cutaneous manifestation of 

HIV is rampant among our study population. Chronic 

cough, low serum selenium, and low CD4± cell count 

predict PTB co-infection among Nigerians with HIV in-

fection. While routine screening for PTB infection in the 

course of standard care is still essential, rational selenium 

supplementation, immediate treatment of chronic cough 

beyond two weeks duration, and CD4± cell count meas-

urement may reduce HIV-related immune depletion and 

morbidity. Early diagnosis of both PTB and HIV should 

also be encouraged to aid early detection and manage-

ment of PTB-HIV co-infection. 

 

Limitations of the study  

The sample size and available meager financial re-

sources, being a self-sponsored research, limited the 

prevalence of this study when compared to a more robust 

sample size used for the global and other African nations' 

prevalence of serum selenium in persons infected with 

PTB/HIV. 
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