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SUMMARY

To quantify the risk of human immunodeficiency virus (HIV) infection in children with
tuberculosis (TB) a hospital-based, 1-year prospective, case-control study was performed in
Addis Ababa, Ethiopia. Children with TB were compared to a control group of children
admitted for elective surgery. The control group was also compared to a recent census of the
background population. The crude odds ratio for HIV infection was 86 (95% CI 2:2-73).
After adjustment for possible confounders in a multivariate regression model, the odds ratio
for HIV infection in children with TB was found to be 12:7 (95% CI 2-9-55). Of several
independent determinants of TB assessed in the study, this association was the strongest. Until
HIV transmission has reached its peak, an increasing burden of dual infection among

Ethiopian children is to be expected.

INTRODUCTION

The close association between tuberculosis (TB) and
infection with human immuno-deficiency virus (HIV)
is today a well-known reality. In the initial 1986
classification system for HIV infection presented by
the US Centers for Disease Control, extra-pulmonary
TB was one of the clinical disease criteria for AIDS
[1], and pulmonary TB was included in the revised
1993 classification [2]. The great majority of patients
with dual infection is found in sub-Saharan Africa,
and several studies on adults have identified HIV as
the major risk factor for developing clinical TB in this
part of the world [3-7]. Less is known about the
influence of the HIV epidemic on TB in children, but
studies from Zambia, Ivory Coast and South Africa
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strongly suggest that HIV is a risk factor for paediatric
TB as a result of increased susceptibility and increased
exposure to infected adults [8—11]. However it has also
been argued that TB-HIV associations in children are
overestimated in most studies due to methodological
weaknesses, such as recruitment bias (hospital based,
more seriously ill, non-accurate diagnosis) [12].

In Ethiopia, TB was a public health problem even
before the introduction of HIV. The spread of HIV
further increased the incidence of TB, which now is
the major cause of hospitalization and hospital death
[13]. The HIV epidemic reached Ethiopia 5-10 years
later than most other countries in sub-Saharan Africa,
the first AIDS case in the country being diagnosed in
1986 [14]. The HIV epidemic has been continuously
growing since then, and in 1997 the seroprevalence
among pregnant women in Addis Ababa had reached
18% [15], and 57% of adult, culture-positive TB
patients, recruited from the same study site as our
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study, were co-infected with HIV [16]. HIV sero-
prevalence among children with and without TB in
Ethiopia is not known, but paediatric HIV infection
has been reported [17-20].

The aim of this study was to estimate the sero-
prevalence of HIV in children with TB compared to
the seroprevalence in a control group of children as
far as possible representative of the background
population. As calculation of a relative risk, or an
odds ratio (OR), for HIV infection between two such
groups might easily be confounded by differences in
age distribution, socio-economic background, range
of possible exposures to HIV, etc. we decided to
include data on such factors in the study. We also
assessed the degree of bias introduced by using
selected hospital-based controls as representatives of
the child population in Addis Ababa.

METHODS
Study setting

In 1996, Addis Ababa had an estimated population of
2-1 million, 32% of whom were under the age of 15
[21]. The city is divided into 28 administrative areas
called woredas. The study was performed at the Ethio-
Swedish Children’s Hospital (ESCH), the main
paediatric hospital in the city. Children with suspected
TB are sent to the TB clinic for diagnosis and
treatment except for the critically ill who are admitted
directly to the wards. Based on a pilot survey in 1995,
we estimated that of all children diagnosed with
clinical TB within the National Health Service (NHS)
in Addis Ababa, around 50 % would be seen at the TB
clinic at ESCH [22]. This makes ESCH the major
centre for paediatric TB treatment in the city, as well
as in the country. We have no information on children
with TB not diagnosed within the NHS, who may
have received treatment elsewhere or remained un-
diagnosed. The surgery department of the ESCH is
the only centre for paediatric elective surgery in the
city.

Study population
Case definition

A child, 0-14 years of age, with residency in Addis
Ababa, presenting at the ESCH with a first episode of
clinical TB between 11 December 1995 and 28 January
1997.

https://doi.org/10.1017/50950268801006215 Published online by Cambridge University Press

Control definition

A child in the same age group, resident in Addis
Ababa coming for elective surgery to ESCH during
the same study period. We expected this group to
include younger age groups, which was considered
acceptable in view of the fact that most HIV-infected
children were expected to be found in this age group.
We also expected a male predominance, which we
deemed not likely to affect results, there being no
known sex-associated differences in children with the
studied conditions. The main advantage of this choice
of control group was its being recruited from all layers
of society and in generally good health except for the
underlying condition, mostly congenital or post-
traumatic. In order to make certain that the controls
did not have TB, children with signs of lower
respiratory infection or other clinical signs or
symptoms of TB were excluded.

Recruitment of patients and data collection

After informed consent by the responsible caretaker of
the child, study subjects were consecutively included
as they appeared at the hospital. Cases and controls
were evaluated at enrolment by one of the two
physicians responsible for the TB unit at ESCH
(B.G., H.D.) and clinical and laboratory data were
recorded on a form prepared for the study. Sputa
and/or gastric aspirates were collected from cases
with pulmonary manifestations. HIV testing of cases
was accompanied by pre- and post-test counselling by
the treating physician. HIV testing of controls was
done anonymously, but a separate individual test was
offered outside the study, if requested by the parents.
Socio-economic and medical background data were
collected for both groups through a structured
interview with the caretaker of the child, using a pre-
tested questionnaire. All interviews were performed
by the same research nurse.

The 1994 Population and Housing Census of
Ethiopia; Addis Ababa

In order to ascertain that the selection of controls did
not differ substantially from the background popu-
lation we compared basic demographics to the results
of the 1994 Population and Housing Census [21],
which was the second national population and
housing census to be conducted in Ethiopia. It was
conducted by enumerators who went from house to


https://doi.org/10.1017/S0950268801006215

house filling in questionnaires designed for the
purpose. Information on number of household
members, their ethnic background, and their sex and
age composition was collected from all households
covered by the census. More detailed information on
education, economic activity and housing conditions
was collected from one out of five households using a
systematic sampling selection.

Criteria for TB diagnosis

The diagnosis of TB was based on an adapted version
of the WHO guidelines for the diagnosis of pulmonary
TB in children published in 1983 and routinely used at
the hospital [23]. TB was diagnosed by the presence of
two or more of the following criteria: (a) symptom
complex suggestive of TB (fever more than 2 weeks,
cough more than two weeks, night sweats, weight
loss); (b) household contact with proved or highly
suggestive case of TB; (c) suggestive chest X-ray
findings (primary complex, hilar lymphadenopathy,
cavity, miliary pattern, effusions or any other infil-
tration compatible with TB); (d) identification of
mycobacteria from sputum and/or gastric aspirate by
staining for acid-fast bacilli or by culture; (e) positive
Mantoux test, i.e. an area of induration of 10 mm or
more, 48—72 h after injection of PPD (purified protein
derivate); (f) pathological findings compatible with
tuberculosis from cerebro-spinal fluid, fine needle
aspiration, biopsy or other surgically removed lesion.

The TB cases were classified either as single focus or
disseminated. Patients with a single focus were further
subdivided into pulmonary or extra-pulmonary.
Those classified as disseminated TB may or may not
have had pulmonary involvement.

TB culture

The sputum and gastric aspirate samples were inocu-
lated onto three Lowenstein—Jensen culture tubes and
the inoculated media were incubated at 37 °C. Species
identification was performed using standard bio-
chemical tests [24]. TB culture was performed at
Armauer Hansen Research Institute (AHRI), Addis
Ababa.

Criteria for HIV diagnosis

Serum samples from all patients were tested by
two enzyme-linked immunosorbent assays (EIA)
Enzygnost (Enzygnost Anti-HIV1/2Plus, Behring-
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werke, Marburg, Germany) and Wellcozyme
(Wellcome Diagnostics, Dartford, UK). Patients older
than 18 months with positive results on both EIAs
were considered as HIV-1 antibody positive and HIV
infected. Discordant or borderline tests were con-
firmed by commercially available HIV-1 Western blot
(Diagnostic Biotechnology Ltd, Singapore). If nega-
tive in the confirmatory test, the sample was con-
sidered negative. Younger children may carry HIV
antibodies of their mothers for up to 18 months. For
this reason, sera positive or borderline for HIV
antibodies in children less than 19 months were
examined for the presence of HIV antigen using a
modified HIV-1 p24 antigen assay [25]. To confirm the
presence of HIV-1 antigen all samples were
neutralized with antibodies. If negative in the p24
antigen tests, the child was considered uninfected. The
EIA tests were performed at AHRI, Addis Ababa.
Western blot and HIV-1 p24 antigen assays were
performed at the Department of Virology, Swedish
Institute for Infectious Disease Control, Stockholm
(SMI). HIV-2 has to our knowledge not been reported
in Ethiopia.

Statistical analyses

Questionnaire design, data entry and statistical analy-
ses, except for the analyses stated below, were based
on version 6.04 of the Epi-Info software (Centers for
Disease Control and Prevention, Atlanta, Georgia).
Differences in proportions between cases and controls
regarding socio-economic variables and possible risk
factors for tuberculosis were assessed with x* or
Fisher’s exact test. Stata statistical Software: Release
6.0 (Stata Corp. 1999, College Station, Texas, USA)
was used to perform the Wilcoxon rank-sum test to
determine the difference in level of income between
cases and controls. OR and 95% CI were calculated
to measure the strength of association between the
selected covariates and TB disease. Factors found to
be significantly (P < 0-05) associated with tuberculosis
were added step-wise into a multiple logistic regression
model using the programme package SPSS (SPSS
Inc., Chicago, IL, USA). Because of its skewed
distribution, logarithmic transformation of income
was used in this model.

Ethical approval

The study was approved by the Ethical Committees of
the Karolinska Institutet, Sweden, of the Medical
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Table 1. Characteristics of control population (Ethio-Swedish Children’s hospital 1995-7) compared to
background population (1994 Population and Housing Census Ethiopia; results for Addis Ababa)

Control Census
(n=122) Population = 2-2 million
Children = 714872
No. (%) (95% CI*) No. (%) P-value
Child characteristicst
Female 47 (39) (20-48) 365055 (51) < 001
Age <5 62 (51) (42-60) 182148 (26) < 0-001
Ethnic
Amhara 52 (43) (34-52) 343138 (48) n.s.
Gurague 27 (22) (15-31) 125103 (18) n.s.
Oromo 25 (20) (14-29) 135826 (19) n.s.
Other 18 (15) (6-18) 110805 (15) n.s.
Characteristics of householdst
Illiterate father 15 (13) (7-19) (1D n.s.
Illiterate mother 25 (21 (14-29) (24) n.s.
Mud house 101 (83) (75-89) (83) n.s.
Piped water 122 (100) — 97) n.s.
Electricity 121 (99) (95-100) (96) n.s.
Telephone 20 (16) (10-24) (18) n.s.
Radio 100 (82) (74-88) (70) < 001
Television 28 (23) (16-31) (16) 0-04

* CI = confidence interval for percentage.
T In the census child characteristics are based on individuals <15 years, while household characteristics are based on 1/5

households.

Faculty, Addis Ababa University and by the
Ethiopian Science and Technology Commission,
Ethiopia.

RESULTS

Over the 13-month study period, 377 children with
clinical TB were enrolled, 340 from the TB clinic and
37 from the wards. This includes all eligible children at
the TB clinic and 80-90% of eligible children at the
wards. One hundred and eighty-five (49%) were
diagnosed as having pulmonary TB, 77 (20%) as
having extra-pulmonary TB and 115 (31 %) as having
disseminated TB. A positive TB culture was obtained
from 131 (44%) of the 297 children who had
pulmonary TB or disseminated TB with pulmonary
manifestations. Age ranged from 6 months to 14
years, with a median of 65, and 186 (49 %) were boys.

During the same period 122 consecutive non-TB
patients were included from the surgery department as
controls. Their ages ranged from 4 months to 15 years
with a median of 4 years. Seventy-five (61 %) were
boys. The most common diagnoses were congenital
deformities (27%), wundescended testis/hernia/
hydrocoele (17%), and fractures/post-burn con-
tractures (11 %).
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Comparison of characteristics between controls and
the 1994 Addis Ababa census

According to the census the overall population of
children under the age of 15 years is smaller in Addis
Ababa (32%) compared to the country as a whole
(45%). As expected, children in the control group
were younger and included a higher proportion of
boys than the census. Other characteristics like
ethnicity, markers for education and socio-economic
status were similar (Table 1).

Analysis of possible confounders associated with HIV
seropositivity

The geographical distribution of the patients is shown
in Figure 1, from which it can be seen that a higher
proportion of cases than of controls came from
woredas close to the hospital. In Table 2, socio-
economic determinants and exposures to interventions
related to possible transmission of HIV are compared
between the two groups. TB patients had the same
distribution of girls and boys while the control patients
had a higher proportion of boys. The age distribution
differed in that TB patients were evenly distributed
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(b)

Fig. 1. Distribution within Addis Ababa of () total child population (1 dot = 100 children), (b) control patients (1 dot =
1 child), (¢) TB patients (1 dot = 1 child), and (d) TB patients co-infected with HIV (1 dot = 1 child). Area dot map; lines
outline woredas. Ethio-Swedish Children’s Hospital is marked ‘ H’ on the maps. Maps were drawn with the EpiMap module of

Epilnfo, version 6.04.

over the age groups < 5 years (34%), 5-9 years
(40%) and > 9 years (26%), while in the control
group 50 % were < 5 years old. The four major ethnic
groups: Oromo, Amhara, Gurague and Tigray were
all represented, with a slight difference in distribution
between cases and controls, the Amharas being less
and the Guragues more represented among the TB
patients. The illiteracy rate among parents of the TB
patients was almost double that of controls. Although
no major differences in living conditions or ownership
of luxury items between cases and controls could be
seen, all proxy measures of socio-economic status
point to a less favourable situation among the TB
patients. Blood transfusion and other interventions
carrying a risk of HIV transmission were evenly
distributed between cases and controls except for
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uvulectomy, which had more often been performed on
TB patients. Uvulectomy is a traditional operation,
common in Ethiopia, believed to protect the small
child from suffocation during pharyngitis. Immuni-
zation coverage was higher in the control group for
all routine vaccines: Bacillus Calmette-Guerin (BCG),
polio, measles and diphtheria/pertussis/tetanus
(DPT).

HIV prevalence in cases and controls

All 377 children with tuberculosis included in the
study were tested for HIV antibody and 12-5%
(47/377) were found to be positive. Forty-six of the
377 children were less than 19 months. Of these, 33 %
(15/46) were positive in ELISA and they were also
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Table 2. Association between tuberculosis, HIV infection and possible confounders in children from Addis

Ababa, Ethiopia

TB patients Controls Odds ratio
(n=377) (n=122) 95% CI) P-value
Child characteristics (%)
HIV infection 12:5 2 86 (22, 74) <0-001*
Female 51 39 14 (1-1, 2°5) 0-02
Mean age (months+s.D.) 79+44 64+46 <0-001
Ethnic
Amhara 31 43 06 (04, 1-8) 0-02
Gurague 33 21 1-7 (1-0, 2-8) 0-04
Oromo 25 21 1-3 (08, 2-2) n.s.t
Tigray 10 11 09 (0-4, 1-8) n.s.
Other 2 4
Medical history of (%)
Blood Transfusion 2 3 06 (0-1, 2-6) n.s.
Circumcision 51 45 1-3(0-8, 2:0) n.s.
Uvulectomy 49 41 19 (1-2, 3-0) 0-01
Three doses of DPT 71 91 0-2 (0-1, 0-5) <0-001
BCG scar 40 64 0-4 (0-2, 0-6) <0-001
Characteristics of households (%)
Illiterate father 21 13 19 (1-1, 3:5) 0-04
Illiterate mother 39 21 2:5(1-6, 4-1) <0-001
Mud house 84 83 1-1 (0-6, 19) n.s.
Electricity 97 99 0-3 (0-01, 1-9) n.s.
Radio 71 82 0-5(0-3, 09) 0-02
Telephone 10 16 06 (0:3, 1°1) 0-07
Monthly income (E Birr) §
Median 200 300 <0018
Lower quartile 100 120
Upper quartile 400 592
Mean persons per room +S.D. 34+1-8 28+ 14 0-02

* Fisher’s exact test. T n.s., not significant (P> 0-05).
1 1 US$ = 6 E Birr. § Wilcoxon rank-sum test.

positive in HD-p24ag test and Western Blot. Three
children in this age group had a borderline result in
ELISA but were negative in HD-p24 and thus
considered negative. Among children with a positive
TB culture from sputum or gastric aspirate, HIV
prevalence was 7:6% (10/131). Children with dis-
seminated forms of TB had an HIV seroprevalence of
21% (24/115). All HIV infected children were found
in the age group less than 10 years. Figure 2 shows
prevalence of HIV infection in different age groups
combined with different manifestations of TB.

In the control group, prevalence of HIV-1 infection
was 1:6% (2/122). The two HIV antibody positive
children in the control group were 5 months and 4
years old, respectively.

The crude OR for being co-infected with HIV in
children with TB was thus 8:6 (exact 95 % CI: 2:2-73).
HIV status was entered together with all covariates
from Table 2 carrying a univariate P-value of less than
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0-05 into a multivariate analysis using logistic re-
gression. This resulted in an increase in the adjusted
OR (AOR) to 12:7 (95% CI 2-9-55). Other deter-
minants independently associated with tuberculosis
were: higher age, absence of BCG scar, less than three
doses of DPT, and low income (Table 3).

DISCUSSION

Ethiopia is estimated to have more than 140000 HIV
infected children and the largest population of
children with AIDS in the world [26]. In this study the
overall prevalence of HIV infection in children from
Addis Ababa diagnosed with TB was 12:5%. In
children with culture-confirmed TB, 7-6 % were HIV
infected, which can be seen as a minimum figure, since
among children with disseminated forms of TB a
much higher seroprevalence was found (21%). As
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Fig. 2. HIV prevalence related to clinical presentation and age in children with tuberculosis.

Table 3. Factors independently associated with risk of tuberculosis in Addis Ababa children

TB patients Controls Adjusted odds ratio

(n=1377) (n=122) (95% CI) P-value
Age in months (mean+S.D.) 79+44 64146 1-009 (1-004, 1-015) 0-001
Monthly income (median) 200 300 0-7 (0-5, 0-9)* 0-003
DPTIII 268 112 0-3(0-1,0-8) 0-01
BCG scar 151 78 0-5(0-3,0-8) 0-002
HIV 47 2 12-7 (29, 55) 0-001

* Odds ratio calculated on logarithm of monthly income.

expected, HIV co-infection was restricted to the
younger ages. The seroprevalence of 17 % in children
less than 10 years is comparable to 19% found in
Abidjan 1994/5 in the same category of patients
[10]. A study of hospitalized children with TB in
Johannesburg 1996 [11], found an HIV seroprevalence
of 42%, thus much higher than our finding. If,
however, we restrict our analysis to hospitalized
children only, we found a seroprevalence in Addis
Ababa of 35%.

Drawing conclusions from a hospital-based study
to the general population is often difficult because of
selection bias. In this study we were restricted to the
hospital for finding both TB patients and controls.
However, TB patients coming to ESCH represent
around 50 % of diagnosed paediatric TB cases in the
city and included both severe (wards) and milder
forms (TB clinic). The selected control group was
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considered to better represent the general population
as regards risk of HIV infection than other non-TB
patients attending the hospital. Comparison with the
1994 census also showed that, besides those differences
in age distribution and gender, which were expected
and controlled for in the analysis, no major dis-
crepancies in the variables examined were found. A
serological study based on sera from a household
survey 2 years before our study found 3 HIV positives
in 242 blood samples from children aged 0—4 years
[20], which is similar to our control group.

The unadjusted OR of HIV seroprevalence in cases
to controls was almost 9. However, as in the earlier
referred study in Abidjan [10] our study also looked at
several other factors associated with TB. Our TB
patients came from families with less formal edu-
cation, less income and lived in more crowded
conditions than the average non-TB family. This is


https://doi.org/10.1017/S0950268801006215

524 1. Berggren Palme and others

similar to the findings in Abidjan. In addition, our
control patients lived in a geographically more
scattered area and were more often vaccinated than
children with TB. As can be seen from Table 3, of all
the determinants found independently associated with
TB, HIV infection showed by far the strongest
association. Some possible biases could not be
controlled for. Thus, as cases and controls did not
come from exactly the same area (Fig. 1), and since
HIV infection may not be evenly distributed within
the city, there is a possibility of selection bias that
could influence the difference between cases and
controls in either direction.

Lack of BCG and not having completed three doses
of DPT both remained significant confounders in the
multivariate analysis. The role of BCG and TB is
debated, but there is strong consensus on its protective
effect against disseminated disease in children [27]. In
our study controls had a BCG scar twice as often as
children with TB, indicating a 50 % vaccine efficacy in
this setting. However, since prevalence of DPT
vaccination was also lower among cases independently
of BCG, the association of TB and lack of vaccination
could be explained by residual confounding linked to
education and socio-economic status.

In spite of these limitations we believe that this
study to gives a realistic picture of the HIV prevalence
among children with TB and that the controls reflect
the HIV situation in the general child population of
Addis Ababa during the study period. Assuming this
is true, we may conclude that children with TB have
an almost 13-fold risk of being HIV infected compared
to the background population. The findings confirm
the association between TB and HIV infection in
children but also demonstrates that the magnitude of
this association is strongly linked to the selection of
study population as was pointed out by Coovadia et
al. [12].

An alarming increase of HIV seroprevalence over
time in paediatric TB patients has been reported from
Lusaka, Zambia (24 % in 1989 to 69 % in 1992) and
from Abidjan, Ivory Coast (12% in 1989/90 to 19 %
in 1996) [8—10]. Considering that the HIV epidemic
reached Ethiopia late and, according to data up to
1998, tends to follow an epidemic curve similar to that
of the Ivory Coast, it is to be expected that the
proportion of the paediatric population with TB, co-
infected with HIV, will increase also in Addis Ababa.
Dual infection threatens to become a major cause of
morbidity and mortality not only among adults but
also among Ethiopian children.
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