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Abstract 
Introduction Studies on the prevalence of and risk factors for tuberculosis (TB) among newly 

diagnosed human immunodeficiency virus (HIV)-infected children in sub-Saharan Africa are scarce and 
in Nigeria there is paucity of reported data. We determined the prevalence of and risk factors for 
pulmonary TB (PTB) in newly diagnosed (treatment-naïve) HIV-1 infected children at the pediatric HIV 
clinic of the Jos University Teaching Hospital (JUTH) in Nigeria. 

Methods We performed a retrospective analysis of 876 children, aged 2 months – 13 years, diagnosed 
with HIV-1 infection between July 2005 and December 2012, of which 286 were diagnosed with PTB at 
presentation after TB screening. The study site was the AIDS Prevention Initiative in Nigeria (APIN)-
supported Pediatric HIV clinic at JUTH, Jos. A multivariate forward logistic regression modelling was 
used to identify risk factors for PTB-HIV co-infection. 

Results The prevalence of PTB-HIV co-infection was 32% (286/876). Severe immunosuppression (SI) 
and World Health Organization (WHO) HIV clinical stage 3/4 were identified as independent risk 
factors for PTB-HIV co-infection in HIV infected children. The odds of PTB-HIV co-infection was 
increased two-fold in HIV-infected children with WHO clinical stage 3/4 compared to those with stage 
1/2 (adjusted odds ratio (AOR) 1.76 [1.31-2.37], p<0.001) and 1.5-fold in children with SI compared to 
those without SI (AOR 1.52 [1.12-2.06], p=0.007). 

Conclusion In our setting, the burden of PTB was high among newly diagnosed HIV-infected 
children, and late WHO HIV clinical stage and severe immunosuppression were associated with PTB-
HIV co-infection. Therefore there is a clear need to improve strategies for early diagnosis of both HIV 
and PTB to optimize clinical outcomes.  
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Introduction 1 
Of the estimated 34 million people living with 

human immunodeficiency virus (HIV) infection 
worldwide, at least one-third of them are also 
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deemed to be co-infected with Mycobacterium 
tuberculosis (M. tuberculosis).1 These dual epidemics 
of HIV and tuberculosis (TB) are particularly 
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worse in Africa, where HIV infection has been 
the most important factor contributing to the 
increasing incidence of TB over the last decade.1 
The incidence of TB among newly diagnosed 
HIV-infected children varies from 0.61 per 100 
child-years (and a prevalence of 3%) in low 
burden countries like the United States2 to 53.3 
per 100 patient-years in high burden countries 
like South Africa.3  

Data on the incidence or prevalence of and 
risk factors for TB among children newly 
diagnosed with HIV in sub-Saharan Africa are 
scarce.3-6 In Nigeria, the prevalence of pulmonary 
TB (PTB) in HIV-infected children and the 
predisposing risk factors are poorly described. 
Therefore, such a description would be useful in 
highlighting the burden of PTB-HIV co-infection 
in children, and in developing prevention 
strategies to protect HIV infected children from 
co-infection with M. tuberculosis. 

In this study, we determined the prevalence of 
and risk factors for PTB in newly diagnosed HIV-
1 infected children, prior to commencing anti-
retroviral treatment (ART), at the pediatric HIV 
clinic of the Jos University Teaching Hospital 
(JUTH) in Jos, Nigeria. 

 
Methods 
Study design 
This was a retrospective analysis of data on 

876 children diagnosed with HIV-1 infection 
between July 2005 and December 2012, some of 
whom were also found to have PTB at 
presentation. 

Study subjects  
These were children, aged 2 months – 13 

years diagnosed with HIV-1, of which some were 
diagnosed with PTB at initial presentation after 
TB screening, prior to commencing anti-
retroviral therapy (ART). 

Study setting 
The site of this study was the AIDS 

Prevention Initiative in Nigeria (APIN)-
supported Pediatric HIV clinic at JUTH, Jos. 
This clinic provides comprehensive HIV care 
services for the city of Jos, which is located in the 
Jos North Local Government Area (LGA) of 
Plateau State. The clinic serves as a referral 
center for both health facilities in the other 

LGAs of the state and some neighboring states 
in the country. Plateau State has a population of 
about 3,206,531 with the state capital having a 
population of approximately 900,000.7 

Source of data  
Patient data were obtained from an 

electronic medical records system (EMRS), data 
having been entered into the EMRS from paper-
based records that were completed at the point 
of care. The data obtained were baseline data at 
the time of patient enrollment into care and 
included the following variables: demographic 
(age, sex), clinical (height, weight, World Health 
Organization (WHO) HIV clinical stage, oral 
thrush, diagnosis of PTB) and laboratory 
(hemoglobin (Hb) level, viral load and absolute 
CD4+ cell count). 

Study procedure 
Children diagnosed with HIV (at our HIV 

clinic or referred from other health facilities), 
were screened for PTB.  

All children had laboratory tests performed 
as part of routine clinical care. For HIV 
serodiagnosis, children aged 18 months and 
above had two different rapid HIV tests – Uni-
Gold (Trinity Biotech Plc Bray Co., Wicklow, 
Ireland) and Determine (Determine Alere 
Medical Co. Ltd., Matsuhidai, Japan) HIV-1/2 
tests. For those under 18 months of age, Roche 
Cobas Amplicor HIV-1 DNA PCR test, version 
1.5 (Roche Molecular Systems, Branchburg, NJ, 
USA) was used for diagnosing HIV infection. 
The CD4+ lymphocyte count was measured 
using flow cytometry (Partec GmbH, Munster, 
Germany) and HIV-1 RNA viral load was 
measured using Roche Cobas Amplicor HIV-1 
Monitor, version 1.5 (Roche Diagnostics GmbH, 
Mannheim, Germany).  

The diagnosis of HIV was based on the 
Nigerian National Guidelines for Pediatric HIV 
and AIDS Treatment and Care.8 The diagnosis 
of PTB at the time of presentation was based on 
Nigeria National Guidelines9 which include 
clinical, chest radiograph features, sputum or 
gastric aspirate smear microscopy and history of 
TB contact for children with HIV. 

Operational definitions 
In our study, a child with a combination of 

clinical features and chest radiograph suggestive 
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of PTB with or without sputum or gastric 
aspirate smear positive microscopy was classified 
as having PTB9 and a child with both PTB and 
HIV at the time of HIV diagnosis was 
considered a case of PTB-HIV co-infection.9 The 
clinical features of PTB include: chronic cough 
≥2 weeks, progressive weight loss or failure to 
thrive, fever, poor appetite, night sweats, 
reduced playfulness or fatigue, wasting, pallor, 
and chest signs. Smear positive microscopy refers 
to Ziehl-Neelsen staining for presence of acid-fast 
bacilli (AFB) on light microscopy. Thus, a PTB 
case was either a clinically diagnosed PTB case 
(not smear positive) or bacteriologically 
confirmed PTB case (smear positive).  

A WHO weight-for-age Z score (WAZ) of < -3 
was considered as severe malnutrition;10 the Z-
scores adjusted for age and sex were determined 
from subjects’ weight and height using the 
WHO AnthroPlus software (WHO, Geneva, 
Switzerland).11 Severe immunosuppression (SI) 
was determined from the absolute CD4+ cell 
count using the CDC definition for SI in 
children <13 years12 as follows: counts of 
<750/cmm for children <1 year, 500/cmm for 
those one to five years and <200/cmm for those 
>5 years. Anemia as defined by the WHO 
referred to Hb <8 g/dL.13 

Statistical analysis 
PTB-HIV co-infection was the outcome 

variable and all other variables were 
independent variables. Z-scores were categorized 
into a binary variable using the WHO Z score 
cut-off of <-3 for severe malnutrition. The 
variable hemoglobin was also categorized into a 
binary variable using the WHO cut-off of Hb <8 
g/dL for anemia. 

The association between each independent 
variable and PTB-HIV co-infection was initially 
examined using the Chi squared or Fisher’s 
exact test for categorical variables while the 
Wilcoxon-Mann-Whitney test was used for 
variables that were not normally distributed. 
Univariate and multivariate logistic regression 
models were fitted to determine the risk factors 
for PTB-HIV co-infection. For the multivariate 
model, a forward step-wise modeling strategy was 
used where variables with p<0.05 remained in 
the model and those with p>0.10 exited the 

model, at each step of the modeling process. Sex 
and age were included a priori in the multivariate 
model due to the association of these variables 
with a wide range of health parameters.14,15 
Results were expressed as odds ratios (ORs) with 
their 95% confidence intervals (CIs). All 
analyses were performed using Stata software 
version 10.0 (Stata Corporation, College 
Station, Texas, USA) and all tests were two-
sided, with a p-value of <0.05 considered 
statistically significant. 

Ethical approval  
The parents/ guardians of the children gave 

written informed consent for use of the data for 
this research which was approved by the Ethics 
committee of the Jos University Teaching 
Hospital, AIDS Prevention Initiative in Nigeria 
(APIN) Ltd, Abuja and Harvard T.H. Chan 
School of Public Health, Boston, USA. 

 
Results 
Out of 876 HIV-1 infected children, 286 

were diagnosed with PTB within the study 
period (2005-2012) giving an overall PTB-HIV 
co-infection prevalence of 32.6%. There was a 
significant decline in the prevalence of co-
infection over the years, with the prevalence 
being 46.5% (86/185) in 2006 and 6.1% (4/66) 
in 2012, p<0.001. A test for trend showed 
declining number of cases of co-infection over 
time from 2005 to 2012, p<0.001 (Figure 1). 

 
 
 

 
Figure 1. Trend in the prevalence of PTB-HIV 
co-infection among children over a period of 8 

years (2005-2012) 
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In the entire cohort of 876 children, the 
majority were males (52.5%), <5 years of age 
(67.7%), and were enrolled during the first four 
years (2005-2008) of starting the pediatric HIV 
care programme (59.3%). Most of them were in 
WHO clinical stage 1/2 (56.3%) and only a few 
had common clinical manifestations such as oral 
thrush (3%), severe malnutrition (26.3%), 
anemia (6.2%) or severe immunodeficiency 
(35.7%). Their median and interquartile range 
(IQR) CD4+ cell count was 535 (298-890) 
cells/cmm, viral load 44026 (6037-200377) 
copies/mL and log viral load 10.7 (8.7-12.2) 
copies/mL (Table 1). 

Among patients with PTB-HIV co-infection, 
there were significantly more children in WHO 
clinical stage 3/4 compared to stage 1/2 (53.6% 
versus 46.5%, p<0.001) and with severe 
immunosuppression compared to those without 
severe immunosuppression (57.7% versus 42.3%, 
p=0.005). The median (IQR) CD4+ cell count 
was significantly lower in children with PTB co-
infection than in those with HIV infection alone 
(484 cells/cmm (308-755) versus 558/cmm (293-
953), p=0.020) (Table 1). The number and 
proportion of children with PTB-HIV co-
infection presenting with advanced HIV 
infection (WHO clinical stage 3/4) declined 
significantly over the years (2005-2012), p=0.019. 

In the unadjusted logistic regression analyses, 
WHO clinical stage 3/4 and presence of severe 
immunosuppression were significantly associated 
with PTB-HIV co-infection with ORs being 1.8 
and 1.52 respectively. The odds of co-infection 
decreased by 0.01% for every unit increase in 
absolute CD4+ cell count, p=0.002 (Table 2). 

Multivariate logistic regression analyses 
showed that the risk of having PTB-HIV co-
infection was two-fold higher in children with 
WHO clinical stage 3/4 compared to those with 
stage 1/2, p<0.001 and 1.5-fold higher in those 
with severe immunosuppression compared to 
those without severe immunosuppression, 
p=0.007. 

 
Discussion 
The overall prevalence of PTB-HIV co-

infection was 32.6% in our cohort of children 
and the risk factors for co-infection were WHO 

clinical stage 3/4 and severe 
immunosuppression. 

The prevalence of PTB-HIV co-infection for 
our study was high; this could be expected since 
Nigeria is both a high burden TB and a high HIV 
prevalence country.16 Our high PTB-HIV co-
infection prevalence figure of 32.6% suggests a 
high rate of co-infection, comparable to the high 
burden in South Africa, where an incidence 
figure of TB-HIV co-infection of 53.3 per 100 
patient years was reported in children.3 The rates 
of PTB-HIV co-infection among children in 
Nigeria and South Africa contrasts with the lower 
prevalence rate of 3% for a low burden country 
like the United States.2 Our PTB diagnosis was 
based in most cases (about 70%) on clinical and 
chest radiograph features without bacteriological 
confirmation, which may have overestimated the 
number of PTB cases. But this alone cannot 
explain our observed overall high prevalence, 
since a Ugandan study reported a lower 
prevalence compared to our study, 9.5%, 
although the majority of diagnoses (80%) were 
based on clinical features and chest radiograph, 
like in our study.5 Nevertheless, our observed 
annual prevalence of co-infection was decreasing, 
with the rate in 2012 of 6.1% comparable to that 
of the Ugandan study (9.5%) reported in 2011.5 
The diagnosis of PTB in children remains 
challenging, partly due to the inability of children 
<8 years to generate a productive sputum 
specimen17 and because of their paucibacillary 
nature.18 The majority (70%) of our study 
subjects were children <5 years of age. Thus, in 
typical HIV care and treatment settings in Africa, 
our methods of PTB diagnosis would be 
considered more representative since routine 
sputum or gastric aspirate smear microscopy is 
uncommon. The PTB-HIV co-infection 
prevalence rate of 32.6% that we obtained was far 
higher than the prevalence rate of 9.6% we 
earlier reported in adults in the same APIN HIV 
clinic study site19 in which diagnosis was based on 
a positive smear microscopy. Again, this 
difference could be attributed to differences in 
diagnostic criteria, with a possible over-diagnosis 
of PTB in children compared to adults. 
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Table 1. Characteristics of children with PTB-HIV co-infection at initial presentation 

Characteristics 
Total 
N (%) 

PTB-HIV co-infection 
N (%) 

HIV mono-infection 
N (%) 

P value 

All subjects 876 (100%) 286 (32.6) 590 (67.4)  
Age (years) 
     <1 
     1-5 
     6-10 
     >10 
     Median (IQR) 

 
117 (13.4) 
476 (54.3) 
225 (25.7) 
58 (6.6) 

3.3 (1.7-6.1) 

 
29 (10.1) 
156 (54.5) 
87 (30.4) 
14 (5.0) 

3.6 (1.9-6.0) 

 
88 (14.9) 
320 (54.2) 
138 (23.4) 
44 (7.5) 

3.1 (1.6-6.1) 

0.031 
 
 
 
 

0.177 
Sex 
    Male 
    Female 

 
460 (52.5) 
416 (47.5) 

 
154 (53.9) 
132 (46.1) 

 
306 (51.9) 
284 (48.1) 

0.582 

Year enrolled into care 
    2005-2008 
    2009-2012 

 
589 (67.2) 
287 (32.8) 

 
239 (83.6) 
47 (16.4) 

 
350 (59.3) 
240 (40.7) 

<0.001 

Oral thrush 
     Yes 
     No 
     Missing data 

 
27 (3.0) 

848 (97.0) 
1 

 
11 (3.8) 

275 (96.2) 

 
16 (2.7) 

573 (97.3) 
 

0.365 

Weight-for-age Z score 
     <-3.0 
     >-3.0   
     Median (IQR)    
     Missing data 

 
213 (26.3) 
597 (73.7) 

-1.8 (-3.1 - -0.8) 
66 

74 (27.1) 
199 (72.9) 

-1.90 (-3.1 - -0.9) 

139 (25.9) 
398 (74.1) 

-1.7 (-3.1 - -0.8) 

0.709 
 
 

0.565 

WHO clinical stage 
     1/2 
     3/4 
     Missing data 

 
460 (56.3) 
357 (43.7) 

59 

 
125 (46.5) 
144 (53.5) 

 
335 (61.1) 
213 (38.9) 

<0.001 

Hemoglobin level (g/dL) 
     <8  
     >8  
     Median (IQR) 
     Missing data 

 
50 (6.2) 

751 (93.8) 
10 (9-11) 

75 

 
12 (4.5) 

256 (95.5) 
10 (9-11) 

 
38 (7.1) 

495 (92.9) 
10 (9-11) 

0.143 
 
 

0.928 

CD4 count (cells/cmm) 
     Median (IQR) 

 
535 (298-890) 

 
484 (308-755) 

 
558 (293-953) 

 
0.020 

Severe immunosuppression 
     Yes 
     No 

 
313 (35.7) 
563 (64.3) 

 
121 (42.3) 
165 (57.7) 

 
192 (32.5) 
398 (67.5) 

0.005 

HIV RNA viral load 
(copies/ mL) 
     Median (IQR) 
      
     Missing data  

 
44026 (6037-

200377) 
368 

 
 

46949 (7646-157330) 
 

 
 

39412 (5729-
205052) 

 

 
 

0.737 
 

HIV RNA Log viral load (copies/mL) 
     >10.5 
     <10.5      
     Median (IQR) 
     Missing data 

 
266 (52.4) 
242 (47.6) 

10.7 (8.7-12.2) 
368 

 
94 (55.6) 
75 (44.4) 

10.8 (8.9-12.0) 

 
172 (50.7) 
167 (49.3) 

10.6 (8.6-12.2) 

0.300 
 
 

0.737 

Data are presented as number (%) or median (interquartile range). 
*P value for Chi squared or Fisher’s exact test for the association between a variable and death; and Wilcoxon-
Mann-Whitney test for comparison of two medians 
HIV – human immunodeficiency virus; PTB – pulmonary tuberculosis; RNA – ribonucleic acid WHO – World 
Health Organization. 
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Table 2. Risk factors for PTB-HIV co-infection in children at initial presentation 

Characteristics 
Bivariate analysis Multivariate analysis 

Crude OR 
(95% CI) 

P value 
Adjusted OR 

(95% CI) 
P value 

Age (years)  
    Per 1 year increase 
     >5.0 
     <5.0 

 
1.01 (0.96-1.05) 

1.00 (Ref) 
0.82 (0.61-1.10) 

 
0.710 

 
0.180 

 
1.01 (0.96-1.05) 

 
 

 
0.790 

 
 

Sex  
    Female 
    Male 

 
1.00 (Ref) 

1.08 (0.81-1.44) 

 
 

0.580 

 
1.00 (Ref) 

1.08 (0.80-1.45) 

 
 

0.620 
Thrush  
     No 
     Yes 

 
1.00 (Ref) 

1.43 (0.66-3.13) 

 
 

0.370 

  

Weight-for-age  
Z score  
     >-3.0      
     <-3.0 

 
 

1.00 (Ref) 
0.99 (0.94-1.05) 

 
 
 

0.780 

  

WHO clinical  
Stage  
     1 or 2 
     3 or 4 

 
 

1.00 (Ref) 
1.80 (1.35-2.43) 

 
 
 

<0.001 

 
 
 

1.76 (1.31-2.37) 

 
 
 

<0.001 
Hemoglobin level 
(g/dL)  
      >8 g/dL 
     <8 g/dL 

 
 

1.00 (Ref) 
1.02 (0.97-1.07) 

 
 
 

0.500 

  

CD4 count (cells/cmm) 
Per unit increase 

 
0.99 (0.98-0.99) 

 
0.002 

  

Severe immunosuppression 
     No 
     Yes 

 
1.00 (Ref) 

1.52 (1.14-2.03) 

 
 

0.005 

 
1.00 (Ref) 

1.52 (1.12-2.06) 

 
 

0.007 
HIV – human immunodeficiency virus; PTB – pulmonary tuberculosis; WHO – World Health Organization. 
 

We observed a declining prevalence rate of 
PTB-HIV co-infection from 46.5% in 2006 to 
6.1% in 2012. This decline appears to closely 
mirror the declining prevalence rate of HIV 
vertical transmission from 4.4% in 200520 to 
3.2% in 201521 in Nigeria. Also, the decline may 
be due to the global increase in HIV awareness 
and increasingly early diagnosis of HIV in 
children. We recently reported a very low rate of 
0.7% mother-to-child HIV transmission22 in this 
same study site as our present study, which 
would seem to suggest a decline in the number 
of pediatric HIV cases, thus paralleling a decline 
in PTB-HIV co-infection cases.  

Our results showed that children with WHO 
HIV clinical stage 3/4 were at greater risk for 
PTB-HIV co-infection than those with HIV stage 

1/2. WHO clinical stage 3/4 indicates advanced 
and severe HIV disease which predisposes to 
opportunistic infections, the most common in 
children being tuberculosis. A study in children 
from Côte d’Ivoire similarly showed that HIV 
stage 3/4 was a risk factor for co-infection.4 In 
our study, severe immunosuppression was an 
important risk factor for PTB-HIV co-infection. 
This finding is consistent with those of other 
studies in African children.4,5,23 Severe 
immunosuppression in TB-HIV co-infection has 
largely been attributed to CD4+ T-cell 
depletion.24,25 Severe immunosuppression in 
children with HIV mono-infection or HIV-TB 
co-infection has been associated with poor 
clinical outcomes and increased mortality with 
or without ART.26-30 Also, co-infection with HIV 
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and TB increases the risk of death with or 
without ART.5,28,29 

A limitation of this study was our inability to 
routinely provide bacteriological confirmation of 
PTB in most cases, resulting in a possible 
overestimation of the number of PTB cases and 
hence a higher prevalence of PTB-HIV co-
infection. However, it is well-recognized that 
bacteriological confirmation is often difficult in 
pediatric populations. 

 

Conclusion  
In our setting, the burden of PTB was high 

among newly diagnosed HIV-infected children, 
and late WHO HIV clinical stage and severe 
immunosuppression were associated with PTB-
HIV co-infection. Therefore there is a clear need 
to improve strategies for early diagnosis of both 
HIV and PTB to optimize clinical outcomes. 
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