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ABSTRACT

Introduction: A 6-month isoniazid as tubercu-
losis preventive therapy (TPT) for people living
with HIV (PLHIV) was nationally introduced in
Eritrea in 2014. However, its effectiveness in
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preventing tuberculosis (TB) and duration of
protection was questioned by physicians. This
study was, therefore, conducted to evaluate the
impact of the isoniazid preventive therapy (IPT)
primarily on the prevention of TB and duration
of its protection in PLHIV.

Methods: A retrospective cohort study was con-
ducted that selected all eligible PLHIV attending
HIV care clinics in all national and regional
referral hospitals in Eritrea. Data was collected
from patients’ clinical cards using a structured
data extraction sheet. The association between
use of IPT and outcomes of interest was assessed
using a Cox proportional hazard regression model
and Kaplan-Meier curve.

Results: A total of 6803 patients were selected,
which accounted for 75% of all PLHIV-accessing
HIV care clinics in Eritrea. About 76% of
patients were exposed to IPT while the remain-
ing 24% were unexposed. The mean follow-up
time was 4.9 years (SD 1.4). The incidence rate
of TB was 1.7 and 10 cases per 1000 person-years
in the exposed and unexposed, respectively.
The unexposed had a higher risk of incident TB
(adjusted hazard ratio [aHR] 3.75, 95% confi-
dence interval [CI] 2.89, 6.13) and all-cause
mortality (HR 2.41, 95% CI 1.85, 3.14) com-
pared to the exposed. A Kaplan-Meier curve
showed that the exposed group had a higher TB-
free follow-up probability (98.8%) compared to
the unexposed (95%) at 65 months of follow-up
(p < 0.001). IPT protection decreased rapidly
6 months after isoniazid completion.
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Conclusion: Use of a 6-month isoniazid as TPT
was found to be effective in reducing incident
TB in PLHIV-accessing HIV care clinics in Eri-
trea. However, the protection appeared to
diminish soon, namely 6 months after com-
pletion of isoniazid, which warrants immediate
attention from policy makers.

Keywords: All-cause mortality; Duration of
protection; Eritrea; Isoniazid; People living
with HIV; Prevention of TB; Tuberculosis
preventive therapy

Why carry out this study?

In Eritrea, there was an assumption that a
6-month course of isoniazid as
tuberculosis (TB) preventive therapy could
protect development of active TB in
people living with HIV (PLHIV) for about
S years.

Effectiveness of isoniazid in preventing TB
for PLHIV and the duration of protection
have been questioned by physicians
working in HIV care clinics that affected
the uptake/implementation of the
preventive therapy.

This study was conducted to evaluate the
impact of isoniazid preventive therapy
(IPT) on the prevention of TB and its
duration of protection in PLHIV.

What was learned from the study?

This large real-world observational cohort
study carried out in a moderate-TB burden
country confirmed that the 6-month
course of IPT was found to be effective in
reducing incident TB.

The duration of prevention, nevertheless,
appeared to diminish rapidly after

6 months following completion of the
intervention which warrants attention
from policy makers and/or program
directors on how to ensure patients’ long-
term protection from developing active
TB.

INTRODUCTION

Tuberculosis (TB) is one of the main oppor-
tunistic infections in people living with HIV
(PLHIV) and reports show that the risk of
developing TB in PLHIV is 20-37 times higher
than in those without HIV [1]. It was reported
that PLHIV also have a significantly increased
risk of developing extrapulmonary TB (40-80%)
compared to those without HIV (10-20%) [2].
Furthermore, TB-related mortality accounts for
26% of the globally reported HIV deaths [3]. It
was estimated that about one-fourth of the
world’s population is latently infected with
mycobacterium tuberculosis [4]. In PLHIV, the
lifetime risk of progression from latent TB
infection to active disease is about 30% com-
pared to the 10% risk in the general population
[5].

Among the various options, the World
Health Organization (WHO) recommends use
of a 6-36-month course with isoniazid (INH) as
tuberculosis preventive treatment (TPT) to
reduce the incidence of active TB in PLHIV [6].
Several studies of different designs, including a
meta-analysis, conducted between 2014 and
2020, confirmed the considerable protective
effect of isoniazid preventive therapy (IPT) in
PLHIV compared to those unexposed [7-14]. A
systematic review and meta-analysis of ran-
domized placebo-controlled trials reported that
IPT has considerable benefits regardless of the
results of tuberculin skin test (TST) [12]. On the
contrary, two randomized controlled trials
(RCTs) and a previously conducted systematic
review, in children, reported that IPT has no
beneficial effect on prevention of TB in PLHIV
[15-17]. Conclusions on the impact of IPT on
all-cause mortality have, however, been con-
flicting [7, 12, 13, 18, 19].

In Eritrea, INH prophylaxis for children
under S years of age who are household con-
tacts of bacteriologically confirmed pulmonary
TB has been one of the pillars of TB prevention
for at least two decades. A 6-month INH as TPT
for PLHIV was, however, programmatically
introduced in 2014. Following its introduction,
with massive rollout, the intervention was
taken by several PLHIV until the uptake and
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coverage were affected by INH-related adverse
reactions and other unknown factors. As a
result, the effectiveness of INH in preventing TB
and duration of its protection have been an
issue for physicians and PLHIV. To evaluate the
effectiveness-risk of IPT, three parallel studies
were carried out to measure the effectiveness of
a 6-month isoniazid, risks of IPT, and factors
that limit healthcare providers’ acceptability of
IPT. This study was, therefore, conducted pri-
marily to evaluate the impact of IPT on the
reduction of TB incidence and duration of its
protection in PLHIV in Eritrea. A secondary
objective was to measure the effect of IPT in
reduction of all-cause mortality. Eritrea, with an
estimated population of 3,546,000 [20], has a TB
incidence of 67 cases per 100,000 inhabitants
per year and 8957 PLHIV receiving antiretrovi-
ral therapy [21]. At the end of 2019, the adult
HIV prevalence was estimated to be 0.7% in
women and 0.4% in men [22].

METHODS

Study Design and Setting

This was a retrospective cohort study that
involved all HIV care clinics of the national and
regional referral hospitals (including private
ones) in Eritrea. These clinics provide services to
over 75% of PLHIV-accessing HIV care services
in the country [20]. The hospitals involved in
the study were Orotta national referral and
teaching hospital, Orotta pediatric teaching
hospital, Halibet national referral hospital,
Sembel and Hazhaz Hospitals from the Central
(Maekel) zone as well as Mendefera, Keren,
Assab, and Barentu zonal referral hospitals and
Massawa hospital, one hospital from each of the
remaining five administrative zones of the
country. Data for the study was collected
between August 31 and November 1, 2020, by
exploring all patients’ medical cards of all peo-
ple who received IPT and antiretroviral therapy
(ART) as well as ART only at any time during the
study period, including medical cards of
patients who died during the study period.

Study Population

All PLHIV who attended the aforementioned
HIV care clinics between November 1, 2014
(official start date of IPT for PLHIV in the
country) and November 1, 2020 were consid-
ered as candidates for the study regardless of
their IPT exposure status. As referral centers,
these HIV care clinics offer services to PLHIV
residing in different geographic regions of the
country. All patients, regardless of their age and
sex, who had at least 1 year of recorded follow-
up (for both exposed and unexposed groups)
and had no active TB at the time of first
enrollment into the study were included in the
study to enable us compare survival without
incident TB. Hence, as the minimum follow-up
time of exposure for both groups (ART & IPT vs
ART only) was 1year, all the exposed group
entered the study after completion of the
6-month IPT. Individuals diagnosed with inci-
dent TB anytime during the 6-month IPT were
included into the study if they had a recorded
follow-up of at least 1 year. Patients who died
while on the 6-month IPT were excluded as the
study aimed to measure the effect of a 6-month
isoniazid on the prevention of incident TB.
Individuals exposed to IPT and/or ART for less
than 1 year during the study period and those
who interrupted the 6-month IPT for any reason
and could not complete the regimen were
excluded for the aforementioned reason. PLHIV
transferred in from other treatment sites and
who completed a 6-month IPT but had no data
on IPT start date were also excluded from the
study as there was no information on whether
the outcome developed before or after initiation
of IPT. Moreover, those unexposed to ART dur-
ing follow-up period (unexposed groups with
no ART), lost to follow-up, died, or transferred
out before completion of the 6-month course of
IPT and/or diagnosed with active TB before
starting ART or IPT (during the study period)
were excluded as the study aimed to measure
the effectiveness of a 6-month IPT. Recruitment
of patients who started but failed to complete a
6-month course of IPT as if they were exposed
or unexposed could introduce bias; thus, such
defaulters of IPT were excluded from both
groups.
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Data Sources

Available non-electronic (paper-based) patient
registers and clinical cards were used as the data
sources for this study. Information on patients’
sociodemographic characteristics, clinical and
laboratory data, history of frequent alcohol use,
smoking, imprisonment, malnutrition, and
comorbidities were obtained from these sources.
The data sources also provided additional
details such as type of ART regimen, cumulative
exposure time to ART, duration and history of
interruption of IPT, previous history of TB,
treatment adherence to ART and IPT, baseline
CD4 cell count, HIV viral load, incident TB,
method of diagnosis, time between initiation of
IPT and incident TB, follow-up status, and date
and cause of death. Adherence to ART and/or
IPT was captured from patients’ medical cards.
In the medical cards, patients’ level of adher-
ence was marked as “good”, “fair”, and “poor”
based on certain parameters [see Table S1 in the
Electronic Supplementary Material].

Exposure and Outcome Measurement

The main exposure of interest was confirmed
completion of a 6-month course of daily INH
300 mg tablet for adults and 10 mg/kg for chil-
dren as TB preventive therapy. On the basis of
the clinical records, PLHIV who had ever com-
pleted the 6-month course of IPT during the
study period were considered as exposed and
those who never took IPT were categorized as
non-exposed. Both the exposed and unexposed
groups were on ART, while the exposed group
were also receiving adjuvant vitamin Bg tablets.

The primary endpoints were incident TB,
diagnosed according to the national guideline
at any time during the study period, duration of
protection of TB by IPT, and TB-free follow-up
probability [23]. Documented incident TB
diagnosed with GeneXpert and/or acid-fast
bacilli or clinically or culture were considered as
TB cases. As per the Comprehensive HIV/AIDS
Care Manual, Eritrea [23], PLHIV are routinely
(at every visit) screened for TB using a clinical
algorithm. Patients with any symptoms of cur-
rent cough, night sweats, weight loss, and fever

are evaluated using sputum microscopy, chest
X-ray, GeneXpert, or culture as appropriate.
Though the protocol was not primarily
designed to measure the effect of IPT on all-
cause mortality, the authors considered it as a
secondary outcome measure with some limita-
tions. Mortality information and cause of death
were taken as documented in patients’ medical
cards. As a routine practice, once a patient died,
the consulting physician tries to assess the cause
of death and document their impression in the
medical cards. For patients reported to be
deceased at home or outside a health facility,
the cause of death was recorded in their medical
cards as “unknown” if not otherwise clear
enough, such as “car accident”. As reported in
the exclusion criteria, all patients enrolled into
this study definitely survived for 1 year and
thus, to avoid immortal time bias, 12 months
was subtracted from the cumulative follow-up
time of each study participant, including the
IPT exposure time for those who had less than
18 months of overall follow-up time and com-
puted accordingly. As for the analysis of the
effect of IPT on reduction of TB-related mortal-
ity, only those who had TB as the only docu-
mented cause of death were considered.

Data Collection Tools and Patient
Enrollment Approach

A structured data extraction sheet prepared for
this purpose was used to collect historical data
of patients from the HIV care clinics [see
TableS2 in the Electronic Supplementary
Material]. The data collection tool comprises
the study participants’ sociodemographic char-
acteristics, treatment or exposure details, and
treatment outcomes. At each study site, two
data collectors were recruited and a 1-day ori-
entation workshop was provided to familiarize
the data collectors with the study objectives,
data collection approach, and data collection
tools. Prior to data collection, the data extrac-
tion sheet was circulated, for content validity,
to five different experts from the fields of
pharmacy, clinical pharmacy, medicine, and
epidemiology. Accordingly, the questions that
were marked as “irrelevant” by the majority of
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the reviewers were either adjusted or removed.
A 3-day pre-test was carried out in one hospital
collecting historical data and the information
gathered was used to improve comprehensive-
ness of the data collection tool, ensure consis-
tency of the data abstraction process, and data
collection approach.

The data collectors screened all clinical cards
of PLHIV for eligibility before starting the
enrollment process and cases not fulfilling the
eligibility criteria were excluded right from the
onset of the study (Fig. 1). Excluded cases were
documented in a listing form to identify reasons
for exclusion [see Table S3 in the Electronic
Supplementary Material]. For the eligible cases,
patients’ clinical cards, registers, and laboratory
results were reviewed and the required infor-
mation was documented in the structured
questionnaire as appropriate. Eligible PLHIV
that started their ART before November 1, 2014,
start to contribute person-time since Novem-
ber 1, 2014 and stop to contribute on the day
they develop incident TB, where applicable. The
reason for considering November 1, 2014 to be
the study start date is because it was during that
time that IPT was officially deployed in Eritrea.

All medical cards of people living with HIV attending HIV care clinics in the
regional and national referral hospitals screened for eligibility.

NS

All patients [on antiretroviral therapy or ART] having a recorded follow-up of at
least one year [befween November 1, 2014 and November 1, 2020] screened.

N/

Those who interrupted the six-month isoniazid; had recorded TB diagnosis while
starting ART and/or isoniazid [during the study period]: transferred-in after
completing isoniazid but had no start date; unexposed to ART; lost to follow-up or
died or transferred-out before completion of the six-month isoniazid were all
excluded from the study.

N/

After eligible patients were identified. study participants were categorized as
exposed and unexposed as follows:
Patients having documented completion

of a six-month isoniazid were
considered as ‘exposed’.

Patients who were not exposed o a six-
month isoniazid were considered as
‘unexposed’.

Fig. 1 Study participants selection process on effectiveness
of a 6-month isoniazid preventive therapy (IPT) in people
living with HIV in Eritrea conducted between Novem-
ber 1, 2014 and November 1, 2020

For unexposed patients diagnosed with HIV
and/or started IPT any time after November 1,
2014, they contributed person-time from the
date they start ART and/or IPT until Novem-
ber 1, 2020 or they developed the outcome of
interest. Study participants who were lost to
follow-up, died, or developed incident TB any
time during the follow-up period stopped to
contribute person-time by the time they
encounter these events. The exposed group
were starting IPT a few months after they start
ART. Thus, none of the members of the exposed
group had contributed person-time to the
unexposed group. The time at which the first
diagnosis of TB was documented, during the
study period, was considered as the index date.

Statistical Analysis

Data was entered in CSPro 7.4 and analyzed
using R 4.0.4 [24], and SPSS 20.0. Data cleaning
was carried out manually and in SPSS using
several counterchecking items. Descriptive
statistics including percentages, frequencies,
number needed to treat, mean (SD), and median
(IQR) were computed as appropriate. Partici-
pants with missing data in specific variables of
interest such as history of imprisonment, close
contact with a patient with TB, malnutrition,
smoking, regular alcohol use, and so on were
not included in the analysis of a specific vari-
able. The incidence rate of TB was computed
using descriptive statistics and, as the cohort
was dynamic, the incidence rate of active TB in
exposed and unexposed with person-time
(years) in the denominator was used as a mea-
sure of frequency. As step 1, both chi-square test
of independence and bivariate logistic regres-
sion were used to identify factors that are asso-
ciated with incident TB. Variables that were
found to have significant associations in the
univariate analysis were then fitted into a Cox
proportional hazard model to control for con-
founders and analyze the protective effect of
IPT. A survival regression analysis model was
used to compute the time to onset of incident
TB (the time between the start of the follow-up
time and development of incident TB) and
survival probability. Kaplan-Meier estimator
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was used to create graphs of the observed sur-
vival curves or survival times without TB and
log-rank test was used to compare survival
probability between the exposed and unex-
posed groups. Rate ratio or hazard ratio with
95% confidence interval was used as a measure
of association or impact of IPT on the preven-
tion of TB, survival without TB, and all-cause
mortality. To further explore the effect of IPT on
reduction of TB in children, subgroup analysis
was carried out. For all statistical tests, a two-
sided alpha level of 0.05 was used to determine
statistical significance.

Ethical Considerations

Ethical clearance to conduct the study was
obtained from the Health Research Ethics and
Protocol Review Committee of the Ministry of
Health of the State of Eritrea (reference number
7-18/2020). Patients’ informed/written consent
was waived because of the retrospective nature
of the study. The study followed the latest ver-
sion of the Helsinki Declaration.

RESULTS

Sociodemographic Characteristics

A total of 8028 PLHIV enrolled from HIV care
clinics were screened for eligibility, out of
whom 6803 met the study inclusion criteria
(Fig. 2). The majority of the study population
were female (63.6%) and urban residents
(75.6%). The median age, taken at enrollment,
was 40 years (interquartile range [IQR] 14; range
1-85 years). About 12% had no formal educa-
tion and 65.3% were unemployed. Known his-
tory of smoking and frequent alcohol use was
reported in only 5.1% and 3.2%, respectively.
About 4% (281/6308) of all participants had at
least one chronic comorbidity and 5.4% had a
previous history of TB. During the study period,
3.7% of the study participants had a history of
at least one imprisonment and 1.9% had a his-
tory of close contact with a person having TB.
Detailed sociodemographic characteristics of
the study population are listed in Table 1.

The majority of the study participants
(71.3%) were attending health facilities located
in Maekel zone, Asmara, the capital of Eritrea.
About 14.3% of PLHIV attending HIV care
clinics located in Maekel zone (Central region)
and 50% of those in other zones were unex-
posed to IPT (Table 2).

At initiation of IPT, the unexposed group
were more frequently younger (median age
37 years [IQR19]; p < 0.0001), had body weights
less than 51 kg (p < 0.0001), were unemployed
(p < 0.0001), had higher proportions of patients
with no formal education (p <0.0001) and
higher proportions of subjects having a history
of malnutrition (p = 0.029) and a baseline CD4
cell count of less than 200 cells/uL (p < 0.0001).
On the other hand, the exposed group had a
higher proportion of patients with urban resi-
dence (p <0.0001), history of imprisonment
(p = 0.045), previous history of TB (p < 0.0001),
undetectable viral load (p < 0.0001), good level
of adherence to ART (p < 0.0001), and longer
mean follow-up time (p < 0.0001) (Tables 1 and
3).

Clinical and Laboratory Follow-Up

The mean and median cumulative exposure
time to ART (exposed and unexposed patients
altogether) was 8.6 years (SD 3.8) and 8.8 years
(IQR 6.3), respectively (Table 1). In general,
75.6% of the study participants were exposed to
IPT while the rest were unexposed (Fig. 2). The
majority of the study participants (72.6%) were
on efavirenz-based ART regimen and were
observed from 1 to 6 years with a mean follow-
up time of 4.9 years (SD 1.4). Their level of
adherence to ART was marked as “good” in
91.2% (Table 3). About 80% of study partici-
pants were still on follow-up by the time the
study was completed and all-cause mortality
proportion was 3.6%. About three-quarters
(74.4%) of the study participants had unde-
tectable viral load and 86.4% had CD4 cell
count greater than 200 cells/uL while 39.4% had
greater than 500 cells/pL (Table 1). By the time
of completion of the study, about 98.1% of the
exposed and 87.7% of the unexposed were on
ART for at least 3 years. Overall, the follow-up
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| Eligible: 6,803 H

\

Patients screened:
8,028

( n
| Excluded: 1,225 |

5,143 - Exposed to IPT

1,660 - Unexposed to IPT

548 - IPT interrupted & could not complete

538 - Exposed to IPT/ART for < 1 year

74 - Diagnosed with TB while starting ART or IPT

‘J\\ 54 - Transferred in, IPT completed but no IPT start date

05 - Unexposed to ART during follow-up period

06 - Others

Fig. 2 Summary of enrolled patients and eligibility criteria for the assessment of isoniazid preventive therapy (IPT)
effectiveness for subjects followed up between November 1, 2014 and November 1, 2020

period for exposed and unexposed groups was
26,398 and 6737 person-years, respectively.

Incidence Rate of Tuberculosis and its
Associated Factors

During the 6-year follow-up period, 0.9% (44/
5,143) of the exposed and 4.1% (68/1660) of the
unexposed patients developed incident TB with
an overall cumulative incidence of 1.7%. As
patients had different lengths of risk window,
incidence rates of TB were calculated. The inci-
dence rate in the exposed was about 1.7 cases
per 1000 person-years whereas in the unex-
posed it was 10 cases per 1000 person-years
(Table 4). The method of diagnosis for TB was
58% Dbacteriologically confirmed (acid-fast
bacilli positive, 41; GeneXpert, 22; and culture,
2) while the rest were clinically diagnosed.

During the first 6 months of follow-up, no
incident TB was reported in the exposed group
whilst in the unexposed group there were 31 TB
cases within this time frame. Eight of the 44
incident TB cases (18.8%) observed in the
exposed cohort were documented right after the
completion of the 6-month INH preventive
therapy (first 7-12 months) (Fig. 3, Table 4). The
median time to onset of incident TB was
28.5 months (IQR 30) in the exposed group and
10.5 months (IQR 30) for the unexposed.

Univariate analysis showed that those
unexposed to IPT were more likely to develop
TB compared to those exposed. Moreover, being
female, history of regular alcohol use, history of
malnutrition (undernourished), history of
imprisonment, baseline CD4 count less than
200 cells/puL, detectable HIV viral load, poor or
fair adherence to ART, shorter cumulative
exposure to ART, and shorter cumulative fol-
low-up time were all associated with a higher
incidence rate of TB (Table 5).

After candidate variables were fitted to a
multivariate Cox proportional hazard model,
those unexposed to IPT were at higher risk of
developing TB compared to the exposed (aHR
3.75, 95% CI 2.89, 6.13). Other variables such as
having lower body weight (aHR 2.00, 95% CI
1.18, 3.39), history of malnutrition (aHR 5.74,
95% CI 2.14, 15.33), history of imprisonment
(aHR 2.97, 95% CI 1.28, 6.92), lower CD4 cell
count (aHR 1.92, 95% CI 1.11, 3.32), and
decreased adherence to ART (aHR 2.44, 95% CI
1.18, 5.02) were still found to be associated with
an increased risk of TB (Table 6). Sex, history of
regular alcohol use, CD4 cell count, cumulative
exposure to ART, and cumulative follow-up
time all lost their statistical significance in the
fitted multivariate model.

I\ Adis



566

Infect Dis Ther (2022) 11:559-579

Table 1 Sociodemographic characteristics of PLHIV, both exposed and unexposed cohorts to IPT, attending at all national
and regional referral hospitals in Eritrea followed up between November 1, 2014 and November 1, 2020 (V = 6803)

Variables (measured at baseline) Cohort group p value
Exposed to IPT Unexposed to IPT
N = 5143 N = 1660
n %
Age (years) median (IQR) 40 (14), range 1-85
<16 351 (6.8) 274 (16.5) < 0.001
16-59 4547 (88.4) 1311 (79.0)
> 60 245 (4.8) 75 (4.5)
Sex
Male 1896 (36.9) 583 (35.1) 0.199
Female 3247 (63.1) 1077 (64.9)
Educational status
No formal education 522 (10.1) 323 (19.5) < 0.001
Primary 2491 (48.4) 861 (51.9)
Secondary 1888 (36.7) 407 (24.5)
Higher education 242 (4.7) 67 (4.0)
Employment status
Employed 2045 (39.9) 307 (18.8) < 0.001
Unemployed 3075 (60.1) 1329 (81.2)
Residence
Urban 3985 (78.4) 1103 (66.8) < 0.001
Rural 1097 (21.6) 549 (33.2)
History of smoking
Yes 237 (5.4) 59 (4.1) 0.053
No 4116 (94.6) 1365 (95.9)
History of regular alcohol use
Yes 130 (3.1) 52 (3.9) 0.146
No 4132 (96.9) 1297 (96.1)
History of malnutrition
Yes 29 (0.6) 17 (1.1) 0.029
No 5060 (99.4) 1535 (98.9)
History of imprisonment
Yes 172 (3.9) 39 (2.8) 0.045
No 4199 (96.1) 1363 (97.2)
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Table 1 continued
Variables (measured at baseline) Cohort group p value
Exposed to IPT Unexposed to IPT
N =5143 N = 1660
n %
History of close contact with a person having TB
Yes 63 (1.8) 23 (2.3) 0.281
No 3449 (98.2) 966 (97.7)
Comorbidity
Yes 225 (4.4) 56 (3.4) 0.075
No 4918 (95.6) 1604 (96.6)
Type of comorbidities
Diabetes 54 (24.0) 11 (19.6) 0.010
Hypertension 60 (26.7) 7 (12.5)
Diabetes & hypertension 17 (7.6) 2 (3.6)
Cancer 19 (8.4) 7 (12.5)
Asthma 20 (8.9) 2 (3.6)
Psychiatric illness 11 (4.9) 7 (12.5)
Others 44 (19.6) 20 (35.7)
Previous history of TB
Yes 311 (6.0) 54 (3.3) < 0.001
No 4832 (94.0) 1606 (96.7)
CD4 cell count (cell/pL)
<200 606 (11.8) 321 (19.3) < 0.001
> 200 4537 (88.2) 1339 (80.7)
Viral load suppression (copies/mL)
Undetectable (< 50) 2902 (77.8) 781 (64.2) < 0.001
Detectable (> 50) 828 (22.2) 436 (35.8)
Type of ART
Nevirapine based 1039 (20.2) 487 (29.4) < 0.001
Efavirenz based 3856 (75.0) 1080 (65.1)
Second line 240 (4.7) 84 (5.1)
Others 8 (0.2) 8 (0.5)

IPT isoniazid preventive therapy, 7B tuberculosis, ART antiretroviral therapy, N number
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Table 2 Distribution of study participants by their exposure status and zones, Eritrea, 2020

Zones/regions Exposure status Total Proportion of study participants
Exposed (ART + IPT) Unexposed (ART only) unexposed to IPT (%)
Mackel (Central) 4159 692 4851 143
Debub 272 216 488 443
Anscba 372 275 647 42.5
Northern Red Sea 155 50 205 24.4
Southern Red Sea 132 5 137 3.6
Gash Barka 53 422 475 88.8
Total 5143 1660 6803 244

ART antiretroviral therapy, IPT isoniazid preventive therapy

Impact of IPT on Incidence
of Tuberculosis

After all other covariates were controlling for,
IPT reduced the incidence of TB by 74% (95% CI
60-83%) at about 73 months follow-up. Sub-
group analysis aimed at exploring the effect of
IPT on reduction of TB in children, aged
15 years and below, was carried out and the
unexposed group had a higher risk of develop-
ing incident TB compared to those exposed (HR
4.39; 95% CI 1.20, 16.12). Besides, the number
needed to treat (NNT) was found to be 30.8;
meaning, at least about 31 PLHIV were needed
to be treated with IPT in order to prevent inci-
dent TB in one patient.

Survival Analysis

Kaplan-Meier plot estimates showed that both
the IPT exposed and unexposed groups had a
good probability of TB-free follow-up, at least
95% at 65 months follow-up (Fig. 4). The mean
TB-free follow-up time in the exposed and
unexposed was 72.6 and 70.6 months, respec-
tively (Fig. 4). In the exposed group, the median
time to onset of incident TB was 28.5 months
(IQR 30) and in the unexposed group the
median was 10 months. About half of the cases
(21/44) developed incident TB within
24 months following the start of IPT with as

early as 7 months in a few patients (Fig. 3). At
65 months follow-up, those exposed to IPT had
better probability of TB-free follow-up, over
98.8%, compared to the wunexposed, 95%,
(p <0.001).

Impact of IPT on All-Cause Mortality

Overall 241 all-cause deaths, 12 of which were
TB-related, were reported. About 34% of the all-
cause mortality were related to other oppor-
tunistic infections including pneumonia and
10.4% were unspecified cancer related. The
cause of death was unknown in 34.7% of the
cases and was recorded merely as “death at
home”. Those who were unexposed to IPT had
an increased risk of all-cause mortality (unad-
justed HR 2.41, 95% CI 1.85, 3.14) and TB-re-
lated deaths (unadjusted HR 4.27, 95% CI 1.32,
13.85) compared to the exposed (Table 7).

DISCUSSION

This study confirmed that the use of a 6-month
IPT in PLHIV had a significantly beneficial effect
on the reduction of TB morbidity. The inter-
vention was also found to be effective in
reduction of incident TB in children, aged
15 years and below. Taking into consideration
the relatively low TB-HIV co-infection rate in
Eritrea and the risk of IPT-induced hepatic
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Table 3 Follow-up outcome characteristics of PLHIV, both exposed and unexposed cohorts to IPT, attending at all
national and regional referral hospitals in Eritrea followed up between November 1, 2014 and November 1, 2020

(N = 6803)

Variables Cohort group Total p value
Exposed to IPT Unexposed to IPT
n (%) n (%) n (%)
Level of adherence to ART
Good 4782 (93.1) 1414 (85.4) 6196 (91.2) < 0.001
Fair 233 (4.5) 124 (7.5) 357 (5.3)

Poor 123 (2.4

118 (7.1)

241 (3.5)

)
Overall cumulative exposure to ART (years): mean (SD) 8.6 (3.8), median (IQR) 8.8 (6.3), range 1-23.7 (before and during

the study period)

1-2 96 (1.9) 205 (12.3) 301 (4.4) < 0.001
3-5 691 (13.4) 453 (27.3) 1144 (16.8)
>5 4356 (84.7) 1002 (60.4) 5358 (78.8)

Overall cumulative follow-up time of exposed and unexposed study participants in years; mean (SD) 4.9 (1.4), median

(IQR) 5.7 (1.5), range 1-6

1-2 159 (3.1) 286 (17.2) 445 (6.5) < 0.001
3.4 654 (12.7) 479 (28.9) 1133 (16.7)
5-6 4330 (84.2) 895 (53.9) 5225 (76.8)
Current follow-up status
Still on follow-up 4316 (83.9) 1121 (67.5) 5437 (79.9) < 0.001
Transferred out 441 (8.6) 288 (17.3) 729 (10.7)
Lost to follow-up 248 (4.8 146 (8.8) 394 (5.8)
Died 138 (2.7) 105 (6.3) 243 (3.6)
All-cause mortality
Yes 138 (2.7) 105 (6.3) 243 (3.6) < 0.001
No 5005 (76.3) 1555 (93.7) 6560 (96.4)
Total 5143 (100.0) 1660 (100.0) 6803 (100.0)

PLHIV people living with HIV, IPT isoniazid preventive therapy, SD standard deviation, IQR interquartile range, ART

antiretroviral therapy, N/z number

injury [25, 26], the need for IPT has been seri-
ously argued by physicians working in the HIV
care clinics. Although overall effectiveness-risk
analysis of IPT is required, the findings of this
study show that PLHIV on ART can significantly
benefit from the use of IPT even in settings with

lower rates of TB-HIV co-infection. The benefi-
cial effect of isoniazid in preventing/reducing
incident TB in PLHIV found in this study was
consistent with previously reported findings of
a meta-analysis and systematic reviews [12, 13].
Even though the effect of IPT on the reduction
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Table 4 Incidence rate of tuberculosis per 1000 person-
years against time of follow-up in months following
commencement of the study in those exposed to isoniazid
preventive therapy (IPT) versus those unexposed

Variable Unadjusted HR (95% CI)  p value

Incident TB in the first 6 months follow-up (N = 6803)
Exposed N/A
Unexposed

Incident TB in the first 12 months follow-up (N = 6803)

Exposed 14.1 (655, 30.33) < 0.001
Unexposed

Incident TB in 13-24 months follow-up (7 = 6759)
Exposed 2.34 (1.00, 5.47) 0.050
Unexposed

Incident TB in > 24 months follow-up (» = 6737)

Exposed 3.31 (1.82, 5.94) < 0.001

== == Exposed to IPT
=== Unexposed to IPT

Tuberculosis Incidence per 1000 person-years

Time (Months)

Fig. 3 Incidence rate of tuberculosis per 1000 person-years
against time of follow-up in months following commence-
ment of the study in those exposed to isoniazid preventive
therapy (IPT) versus those unexposed

of all-cause mortality has been conflicting
[7, 12, 13, 18, 19], our current large observa-
tional study showed that those exposed to iso-
niazid had lower rates of all-cause mortality and
TB-related mortality (Table 7). Readers should,

however, cautiously interpret the results
because of the small sample size in the sub-
analysis of the TB-related mortality and the
cause of death was not known for about one-
third of the overall mortalities. Moreover, the
strength of evidence is limited as the protocol
was not designed to measure the aforemen-
tioned outcomes. Another study with a focus on
the impact of IPT on all-cause mortality could
shed a more decisive light on that aspect.

There were a few studies that reported no
benefits from IPT in PLHIV. To mention some,
one study was conducted in children and
another enrolled people with advanced HIV
[15, 16]. In the latter study, for instance, the fact
that people with advanced HIV were likely to
have severely weakened immunity, it might be
difficult for IPT to significantly reduce the
incidence of TB morbidity. Besides, that study
had statistical power limitations due to small
sample size.

Previously, there was an assumption that of
PLHIV, only those having positive tuberculin
skin test (TST) are likely to benefit from IPT
[27-29]. Later on, other studies revealed that
PLHIV regardless of their TST results can con-
siderably benefit from IPT [30], and the WHO,
in its revised IPT guideline, has clearly indicated
that “TST is not a requirement for initiating IPT
in PLHIV” [6]. In the current study, the TB
preventive therapy was prescribed without TST
and this finding supports the latter amendment
that it can be beneficial even in the absence of
TST which is a very important practicality
aspect on IPT implementation.

Kaplan-Meier plot estimate showed that the
exposed group had relatively better survival
probability without TB or TB-free follow-up (ca.
98.8%) compared to the unexposed (95.0%) at
65 months follow-up, which was statistically
significant. It should, however, be noted that
generally both the exposed and unexposed
groups had good survival probability; thus,
further studies are required to determine if such
statistical significance is clinically meaningful/
significant taking the risks of the intervention
into account. The reported duration of protec-
tion of IPT has been inconsistent, from several
months to several years [31, 32], and in Eritrea,
there was an assumption that a 6-month IPT
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Table 5 Incidence rate of tuberculosis and univariate analysis of associated factors in PLHIV attending at all national and
regional referral hospitals in Eritrea followed up between November 1, 2014 and November 1, 2020 (IV = 6803)

Variables Incident TB cases Incidence rate per 1000 person- Crude rate ratio p value
(2 = 112) years (95% CI)

Exposure to IPT
Unexposed 68 10.0 (7.89, 12.69) 6.04 (4.08, 9.04) < 0.001
Exposed 44 1.66 (123, 2.22) Ref

Age (years)
<16 13 5.07 (2.94, 8.74) 2.02 (0.62,8.49) 0318
16-59 95 3.25 (2.66, 3.98) 129 (0.49,4.84) 0.820
> 60 4 2.25 (0.94, 6.70) Ref
Sex
Female 59 4.89 (3.62, 5.42) 1.96 (1.33-2.90) < 0.001
Male 53 224 (5.87, 8.92) Ref

Residence®
Rural 29 3.69 (2.57, 5.31) 1.15 (0.72-1.77) 0.504
Urban 81 322 (2.59, 4.00) Ref
History of smoking™"
Yes 8 5.33 (2.66, 10.665) 1.76 (0.73, 3.65) 0.147
No 74 3.03 (241, 3.80) Ref

History of regular alcohol use®
Yes 7 7.96 (3.79, 16.70) 2.75 (1.07, 5.97) 0.018
No 70 3.10 (2.50, 3.84) Ref

History of malnutrition®
Yes 6 29.00 (13.02, 64.53) 9.30 (3.33, 20.96) < 0.001
No 101 3.12 (2.56, 3.78) Ref

History of imprisonment™*
Yes 8 8.01 (4.00, 16.0) 2.48 (1.04, 5.13) 0.021
No 80 323 (2.71, 4.09) Ref

Previous history of TB
Yes 7 3.67 (1.74, 7.69) 1.09 (0.43, 2.34) 0.687
No 105 3.34 (2.75,4.04) Ref

CD#4 cell count (cells/pL)
<200 39 9.76 (7.13, 13.36) 3.92 (259, 5.87) < 0.001
> 200 73 249 (1.97, 3.13) Ref
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Table 5 continued

Variables Incident TB cases Incidence rate per 1000 person- Crude rate ratio  value
(n = 112) years (95% CI)

Viral load suppression (copies/mL)*’
Detectable (> 50) 36 5.92 (427, 8.21) 231 (1.61-3.29) 0.002
Undetectable (< 50) 57 3.04 (2.34, 3.93) Ref

Level of adherence to ART
Poor 17 17.667 (10.99, 28.45) 6.89 (3.28, 11.74) < 0.001
Fair 16 9.99 (66.12, 166.31) 3.89 (2.12, 6.71) < 0.001
Good 79 2.57 (2.06, 3.20) Ref

Adherence to IPT*
Poor 1 1.74 (0.25, 12.38) 1.05 (0.03, 6.23) 0.618
Fair 3 1.25 (0.40, 3.87) 0.75 (0.15, 2.38) 0.999
Good 38 1.66 (1.20, 2.27) Ref

Cumulative exposure to ART (years)
1-2 6 13.30 (5.99, 29.68) 4.87 (1.73, 11.01) 0.002
3-5 27 6.66 (457, 9.71) 2.43 (151, 3.81) < 0.001
>5 79 2.74 (2.19, 3.41) Ref

Cumulative follow-up time (years)
1-2 10 14.70 (7.89, 27.25) 5.55 (2.56, 10.76) < 0.001
3-4 25 7.05 (4.76, 10.42) 2.67 (1.63, 4.23) < 0.001
5-6 77 2.64 (2.11, 3.31) Ref

Region
Mackel (Central) 73 3.02 (2.39, 3.79) 35.82 (9.57, 30.37) < 0.001
Debub 11 4.88 (2.70, 8.82) 5.28 (1.15, 9.09) 0.022
Anseba 16 522 (3.19, 8.51) 5.64 (132, 50.61) 0.008
Northern Red Sea 9 9.22 (479, 17.71) 9.97 (2.06, 94.8) < 0.001
Southern Red Sea 1 145 (0.20, 10.29) 2.57 (0.03, 30.13) 0.564
Gash-Barka 2 0.92 (0.23, 3.69) Ref

PLHIV people living with HIV, IPT isoniazid preventive therapy, Ref reference category, ART antiretroviral therapy

*Viral load was categorized as suppressed if the count is < 50 copies/mL and unsuppressed > 50

$*Information for some patients on these covariates was missing
¥While computing these variables, we excluded children less than 16 years of age from the analysis (N = 6178) as they do

not relate to pediatric populations
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Table 6 Risk factors of tuberculosis, in PLHIV attending at all national and regional referral hospitals in Eritrea followed
up between November 1, 2014 and November 1, 2020 (N = 6803) using bivariate and multivariate analysis Cox pro-

portional hazard model

Variables Unadjusted HR (95% CI) p value Adjusted HR (95% CI) p value

Exposure to IPT*
Unexposed 5.05 (3.45, 7.39) < 0.001 3.75 (2.89, 6.13) < 0.001
Exposed Ref Ref

Sex
Male 1.99 (1.37, 2.88) < 0.001 1.53 (0.93, 2.51) 0.094
Female Ref Ref

History of regular alcohol use®
Yes 2.73 (1.26, 5.94) 0.011 2.25 (0.91, 5.63) 0.081
No Ref Ref

History of malnutrition
Yes 8.66 (3.79, 19.73) < 0.001 5.74 (2.14, 15.33) < 0.001
No Ref Ref

History of imprisonment*
Yes 2.51 (1.21, 5.19) 0.013 2.22 (0.83, 5.96) 0.112
No Ref Ref

CD#4 cell count (cell/pL)
<200 3.83 (2.59, 5.65) < 0.001 1.92 (1.11, 3.32) 0.020
> 200 Ref Ref

Viral load suppression (copies/mL)*
Detectable 1.96 (1.28, 2.97) 0.002 0.66 (0.23,1.83) 0.421
Undetectable Ref Ref

Level of adherence to ART
Poor 6.33 (3.744, 10.68) < 0.001 2.17 (0.97, 4.85) 0.058
Fair 3.92 (2.29, 6.72) < 0.001 2.44 (1.18, 5.02) 0.015
Good Ref Ref

Cumulative exposure to ART (years)
1-2 2.97 (1.27, 6.93) 0.012 0.67 (0.16, 2.91) 0.602
3-5 2.34 (1.49, 3.67) < 0.001 1.14 (0.63, 2.07) 0.665
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Table 6 continued

Variables Unadjusted HR (95% CI)

p value

Adjusted HR (95% CI) p value

>S5 Ref

Ref

PLHIV people living with HIV, IPT isoniazid preventive therapy, Ref reference category
*Viral load was categorized as undetectable if the count is < 50 copies/mL and detectable > 50

*Overall effect of IPT adjusted for all covariates

*While computing these variables, we excluded children less than 16 years of age from the analysis (N = 6178) as they are

not related to pediatric populations

Kaplan-Meier Curve for TB Incidence

IPT Exposure == Exposed =+ Unexposed

100.0%

97 5%
g
a
o
-g
& 95.0%1
3 log rank test,

92.5% p <0.001

90.0%

0 43 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Time (Months)
Number at risk
Exposed | 5143 5143 5138 5079 4921 4760 4565 4376 4153 3774 3266 2582 2045 964 106 O

Unexposed

1660 1634 1627 1562 1458 1346 1229 1120 1033 937 856 789 725 598 396 O

Fig. 4 Kaplan-Meier plot: estimating survival probability versus time without tuberculosis in the isoniazid exposed and

unexposed groups using survival regression analysis model

could protect active TB for about 5 years. In the
current study, the survival analysis showed that
a few patients developed incident TB right after
the completion of the 6-month IPT and that the
protective effect tended to diminish rapidly
after the first year following initiation of IPT.
This was consistent with findings reported in
countries with a high TB burden [31-36]. In
contrast, Golub et al. reported that a 6-month

IPT could reduce the risk of TB for as long as
7 years [28]. The number needed to treat indi-
cated that in order to see a beneficial effect of
IPT in one patient, at least 31 PLHIV need to be
treated with a 6-month course of IPT which is
similar to what was reported elsewhere [30].
Other independent risk factors that affected
TB morbidity in the study groups such as CD4
count less than 200 cells/uL, decreased level of
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Table 7 Impact of isoniazid preventive therapy on all-cause and TB-related mortality in PLHIV attending at all national
and regional referral hospitals in Eritrea followed up between November 1, 2014 and November 1, 2020 (V = 6803)

Variables Incident cases of Incidence rate per 1000 person-years Crude hazard ratio p value
mortality (7) (95% CI) (95% CI)

All-cause mortality
Unexposed 94 18.83 (1541, 23.01) 2.41 (1.85, 3.14) < 0.0001
Exposed 134 7.94 (6.70, 9.39) Ref

TB-related mortality
Unexposed 7 1.45 4.27 (1.32, 13.85) 0.0157
Exposed 5 0.30 Ref

TB tuberculosis, PLHIV people living with HIV, CI confidence interval, » number

adherence to ART, and history of malnutrition
were more or less similar to findings of other
studies reported elsewhere [9, 37]. The first four
risk factors, directly or indirectly, could make
the person susceptible to TB by compromising
the immune system, which indicates the
importance of lifestyle changes that boost
immunity.

Taking all the findings and the inference
discussed thereof into account, this study could
bring the following programmatic and policy
implications: (1) Implementation of a 6-month
IPT in a country with a moderate TB burden
appears to be effective. As this study only eval-
uated the beneficial effect of IPT, the risks of the
intervention or effectiveness-risk balance and
clinical significance of the observed statistically
significant survival probability without TB, in
the exposed group, need to be systematically
analyzed to support the decision context. (2)
The protective effect of the intervention tended
to diminish after 12 months of the initiation of
IPT and warrants attention from policy makers
and/or program directors on what to do to
ensure patients’ long-term protection from TB.

The study had the following limitations: This
observational study evaluated effectiveness of a
6-month IPT among PLHIV having at least
1 year of recorded follow-up on either ART only
or ART and IPT. Thus, findings of this study
could not be generalizable to those who were
lost to follow-up or died without having at least
1 year of recorded follow-up. Also, the results

could not be generalized to PLHIV who inter-
rupted/could not complete a 6-month isoniazid
and those who developed/had TB just before
starting ART or IPT. Moreover, there might be
situations where the treating physicians pre-
scribed isoniazid preventive therapy mainly to
those whom they felt would benefit most such
as those with weakened immune system, mal-
nourished, and had close contact with patients
with TB. Such potential differential prescribing/
channeling bias, though efforts were made to
adjust their effects, might have affected our
results. The fact that the majority of the data for
the variables used in this study were taken from
clinical cards, in itself, could have some impli-
cations. For instance, in situations where
patients had variable levels of adherence during
the study period, the most frequent of those
recorded statuses of adherence was taken to
represent each subject’s adherence. Thus, read-
ers should note that the level of ART adherence
reported for some patients might not be the
same throughout the study period. Another
limitation is that some TB cases were clinically
diagnosed; thus, diagnosis could not be vali-
dated and that could lead to overestimation of
TB cases. Third, it is very difficult to diagnose TB
in PLHIV having very low CD4 cell counts
(< 100/mL) which requires a lipoarabinoman-
nan test [38]. This diagnostic equipment was
not available in Eritrea during the study period
and hence some active TB cases in severely ill
patients might also have been left undiagnosed.
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As a consequence, the incidence rate of TB
could potentially be underestimated. Lastly, the
fact that the cause of death could not be prop-
erly qualified in about one-third of the mortal-
ities limited our ability to explore if IPT had an
impact on reduction of TB-related mortality.
Besides, exclusion of individuals who inter-
rupted their IPT and those having less than
1-year exposure to ART and/or IPT might have
also affected the findings on all-cause mortality.

CONCLUSION

A 6-month course of IPT was found to be
effective in reducing incident TB in PLHIV. The
protection, nevertheless, appeared to diminish
rapidly after 6 months following completion of
the intervention. This warrants attention from
policy makers and program directors particu-
larly in the need to achieve ways of boosting the
6-month preventive therapy and ensuring pro-
longed protection of patients. In addition, fur-
ther studies that assess the risks of the
intervention are also required to enable deci-
sion makers to evaluate the effectiveness-risk
balance of the intervention, which is an
important parameter in the decision-making
context.
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