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Background. Human immunodeficiency virus (HIV)-exposed uninfected (HEU) infants in endemic settings are at high risk of
tuberculosis (TB). For infants, progression from primary Mycobacterium tuberculosis (Mtb) infection to TB disease can be rapid. We
assessed whether isoniazid (INH) prevents primary Mtb infection.

Methods. 'We conducted a randomized nonblinded controlled trial enrolling HEU infants 6 weeks of age without known TB ex-
posure in Kenya. Participants were randomized (1:1) to 12 months of daily INH (10 mg/kg) vs no INH. Primary endpoint was Mtb
infection at end of 12 months, assessed by interferon-y release assay (QuantiFERON-TB Gold Plus) and/or tuberculin skin test (TST,
added 6 months after first participant exit).

Results. Between 15 August 2016 and 6 June 2018, 416 infants were screened, with 300 (72%) randomized to INH or no INH (150
per arm); 2 were excluded due to HIV infection. Among 298 randomized HEU infants, 12-month retention was 96.3% (287/298),
and 88.9% (265/298) had primary outcome data. Mtb infection prevalence at 12-month follow-up was 10.6% (28/265); 7.6% (10/132)
in the INH arm and 13.5% (18/133) in the no INH arm (7.0 vs 13.4 per 100 person-years; hazard ratio, 0.53 [95% confidence interval
{CI}, .24-1.14]; P = .11]), and driven primarily by TST positivity (8.6% [8/93] in INH and 18.1% [17/94] in no INH; relative risk,
0.48 [95% CI, .22-1.05]; P = .07). Frequency of severe adverse events was similar between arms (INH, 14.0% [21/150] vs no INH,

10.7% [16/150]; P = .38), with no INH-related adverse events.
Conclusions.
high-risk infants are warranted.
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Tuberculosis (TB) is a leading cause of morbidity and mortality
in children under 5 globally [1-3]. With human immunodefi-
ciency virus (HIV) treatment success, most children born to
mothers living with HIV will be HIV exposed and uninfected
(HEU), but remain at high risk for Mycobacterium tuberculosis
(Mtb) infection and TB disease [4-10]. For young infants, pro-
gression from Mtb infection to TB disease can be rapid, with
19%-50% estimated to develop TB without intervention [9, 11-
13]. Preventing Mtb infection during this vulnerable window
may be beneficial.
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Isoniazid preventive therapy (IPT) is used routinely to pre-
vent TB for people living with HIV (PLHIV) >1 year of age,
regardless of exposure, and in children under 5 after known TB
exposure [14-18]. For infants without reported TB exposure,
no empiric chemoprophylaxis is recommended, including those
with HIV exposure or infection in TB-endemic settings. This
is despite recent estimates that suggest most TB transmission
(70%-90%) to young children occurs outside the household
without identified exposure [6]. These guidelines reflect uncer-
tainty regarding IPT benefit in young children, based on 3 trials
yielding conflicting data whether isoniazid (INH) prevents TB
disease or mortality among children living with HIV [19-21].
Only 1 study, the P1041 trial in South Africa and Botswana
(2004-2008), evaluated HEU children and found no protective
effect of INH in decreasing Mtb infection or a composite out-
come of Mtb infection, TB disease, or death [5]. This trial was
completed prior to extensive antiretroviral therapy (ART) avail-
ability and the World Health Organization recommendation
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regarding TB preventive therapy for PLHIV. Whether INH
provides effective primary prevention of Mtb infection in HEU
children under contemporary conditions of universal ART and
widespread programmatic IPT for PLHIV is unknown.

In the infant TB Infection Prevention Study (iTIPS), we hy-
pothesized that INH would reduce the risk of primary Mtb in-
fection and be safe in young HEU infants at potentially high
risk of Mtb infection and TB disease.

METHODS

Study Design and Participants

We conducted a randomized nonblinded controlled trial
in western Kenya, an area of high HIV and TB burden 3,
22]. Eligible infants 6-10 weeks of age, born to HIV-infected
mothers, with birth weight >2.5 kg, and >37 weeks’ gestation,
were enrolled from prevention of maternal-to-child transmis-
sion of HIV clinics. We excluded infants with known TB ex-
posure (including maternal TB diagnosed in past year), or
enrollment in other TB prevention studies. Trial design and
procedure details have been previously published [23].

Randomization and Masking

Eligible infants were randomized 1:1 to 12 months’ daily INH
(10 mg/kg dose) with pyridoxine or no INH. After randomi-
zation assignment, neither participants nor study staff were
blinded to the assigned intervention groups. Infants random-
ized to the control arm (no INH) did not receive placebo.

Procedures

Standardized questionnaires regarding sociodemographic, clin-
ical, obstetric, and HIV-related factors, TB history and expo-
sure, and TB symptom screen [24] were administered by study
staff. For infants randomized to INH, liver function tests (LFTs)
were performed at enrollment and 1 month following INH ini-
tiation, graded per the National Institutes of Health Division of
AIDS (DAIDS) toxicity cutoffs [25]. Infants with baseline LFTs
grade 2 or lower initiated INH. Adherence was assessed by care-
giver questionnaire at follow-up visits conducted at 10 and 14
weeks and 6, 9, and 12 months of age coinciding with Kenyan
immunization schedules.

Primary endpoint was Mtb infection at end of 12 months, as-
sessed by interferon-y release assay (IGRA; QuantiFERON-TB
Gold Plus [QFT-Plus]) and/or tuberculin skin test (TST).
Initially, QFT-Plus was used alone. TST was added as a com-
posite primary endpoint in February 2018, approximately
6 months after first study exit, per data safety and monitoring
board (DSMB) recommendation due to lower than anticipated
QFT-Plus endpoints, and to optimize sensitivity since TST is
recommended for children aged <2 years. Study investiga-
tors were blinded to QFT-Plus results by arm when this deci-
sion was made. TSTs were placed and read by study staff who
were not blinded by study arm. De-identified data were entered

in real time into password-protected and encrypted tablets
using Research Electronic Data Capture software (REDCap,
Vanderbilt University, Nashville, Tennessee) [26].

Outcomes

The primary endpoint was Mtb infection, defined as positive
QFT-Plus or TST after 12 months following enrollment. QFT-
Plus results were considered positive with either TB1-Nil or
TB2-Nil >0.35 IU/mL per the manufacturer’s recommenda-
tions [27]. TST of >10 mm induration was considered positive
[15]. Secondary outcomes included grade 3 or higher severe
adverse events by DAIDS scales [25]. Exploratory outcomes in-
cluded a composite endpoint of Mtb infection, TB diagnosis,
and/or death.

Statistical Analysis

We estimated that INH would decrease Mtb infection risk
by 65%, consistent with TB prevention efficacy among TST-
positive adult PLHIV and historical community-based trials
[18, 28, 29], but undefined for Mtb infection prevention. We
assumed 20% annual cumulative incidence without interven-
tion based on 10% prevalence of Mtb infection in 6-month-old
HIV-exposed infants in Kenya, detected by IGRA on cryopre-
served peripheral blood mononuclear cells (PBMCs) [30]. We
determined that enrollment of 250 infants (125 per arm) would
provide 80% power with a 2-sided a of .05 to detect 65% de-
crease in Mtb infection. We increased the sample size by 20%
to 300 infants (150 per arm) to account for loss to follow-up,
nonadherence, and INH resistance.

Baseline characteristics were summarized by arm. We used a
modified intention-to-treat approach including all randomized
participants with at least 1 Mtb infection measure, excluding
children found to be HIV DNA positive after enrollment. We
compared proportions of infants with Mtb infection by arm
with a x” test and estimated relative risk (RR) by generalized
linear model with log link and Poisson family and cumulative
Mtb infection incidence with a Cox proportional hazards re-
gression model, given that early infancy enrollment with Mtb
infection assessment after 12 months of follow-up provides rea-
sonable approximation of incident infection over the first year
of life. For this model, Mtb infection timing was estimated as
midpoint between enrollment and end of follow-up for those
in whom infection was detected; those without infection were
censored at 12-month follow-up completion.

For secondary, exploratory, subgroup, and sensitivity ana-
lyses, we compared proportions by arm using a x” test. All hy-
pothesis testing was 2-sided. Analyses were conducted using
Stata version 15 software (StataCorp, College Station, Texas).

An external independent DSMB monitored operational
aspects, safety, and effectiveness, and made recommendations
regarding study continuation or modifications. Futility was
not considered a basis for discontinuation because of the trial’s
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anticipated value in understanding epidemiologic and immu-
nologic correlates of Mtb infection in HEU infants. This study is
registered at ClinicalTrials.gov (NCT02613169).

Ethical Considerations

Written informed consent was obtained from caregivers. Trial
procedures were approved by the University of Washington
Institutional Review Board, the Kenyatta National Hospital/
University of Nairobi, the Jaramogi Oginga Odinga Teaching
and Referral Hospital ethics and research committees, and the
Kenya Pharmacy and Poisons Board.

RESULTS

Participant Characteristics

From August 2016 through June 2018, we screened 416 HIV-
exposed infants; 300 (72.1%) were enrolled and randomized
to INH or no INH (150 per arm) (Figure 1). Two participants
were subsequently excluded due to HIV diagnosis by 10 weeks
of age, 9 were lost to follow-up, 1 withdrew from the study, and
1 died, with 287 (96.3%) participants completing study fol-
low-up. Two-hundred sixty-five infants (88.9%) were assessed

in the modified intention-to-treat analysis of Mtb infection and
288 (96.3%) for the composite outcome of Mtb infection, TB
diagnosis, or death.

Among 300 randomized infants, median age at enrollment
was 6.3 (interquartile range [IQR], 6.0-6.6) weeks, 158 (52.7%)
were male, and 282 (94.0%) previously received Bacillus
Calmette-Guérin (BCG) vaccination (Table 1). All mothers
were on antiretroviral therapy (ART); 297 (99.0%) infants re-
ceived antiretrovirals for HIV prevention. Median maternal
CD4 count was 478 (IQR, 330-668) cells/uL and most mothers
(226 [79.3%]) had an undetectable HIV RNA viral load (<20
copies/mL). Two-hundred twenty-four (74.7%) mothers previ-
ously received programmatic IPT, including 63 (28.1%) at en-
rollment. Thirty-two mothers (10.7%) reported history of TB.
Baseline characteristics were well balanced between arms.

Of 150 infants randomized to INH, 145 received at least 1
dose. Of 150 infants randomized to no INH, 1 received subse-
quentINH due to TB exposure (Figure 1). Two hundred sixty-
five (88.9%) infants had QFT-Plus or TST performed (132
INH, 133 no INH), with 3 0f 249 (1.2%) QFT-positive and 25
of 187 (13.4%) TST-positive (Supplementary Tables 1 and 2).
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Figure 1. Detailed trial profile. 'Mycobacterium tuberculosis (Mtb) infection by interferon-y release assay (QuantiFERON-TB Gold Plus) or tuberculin skin test. “Excludes 2
children diagnosed with human immunodeficiency virus and 23 without primary Mtb infection endpoint. °Excludes 4 infants in the isoniazid (INH) arm with a primary outcome
who did not receive INH. *Excludes 1 infant in the no INH arm who received INH due to tuberculosis exposure. Abbreviations: HIV, human immunodeficiency virus; INH, iso-

niazid; Mtb, Mycobacterium tuberculosis; TB, tuberculosis.
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Table 1. Participant Characteristics at Baseline

All Participants INH No INH
Characteristic (N =300) (n =150) (n=150)
Infant characteristics
Infant age, wk, median (IQR) 6.3 (6.0-6.6) 6.3 (6.0-6.6) 6.3 (6.0-6.4)
WAZ, kg, median (IQR)? 0.20 (-0.52 to 0.91) 0.24 (-0.54 to 0.85) 0.19 (-0.44 to 1.0)
Underweight (WAZ < -2) 6 (2.0) 3(2.0 3(2.0)
Male sex 158 (52.7) 79 (52.7) 79 (52.7)
Breastfed on enroliment 295 (98.3) 146 (97.3) 149 (99.3)
Received ARVs for PMTCT 297 (99.0) 148 (98.7) 149 (99.3)
BCG vaccination 282 (94.0) 141 (94.0) 141 (94.0)
Maternal sociodemographic characteristics
Maternal age 27 (24-31) 27 (24-31) 28 (24-32)
Secondary education started 140 (46.7) 75 (50.0) 65 (43.3)
Parity, median (IQR) 3 (2-4) 3 (2-4) 3 (2-4)
Maternal HIV/TB
Maternal partner HIV status®
Positive 149 (54.8) 70 (50.0) 79 (59.9)
Negative 91 (33.5) 47 (33.6) 44 (33.3)
Unknown 32 (11.8) 23 (16.4) 9 (6.8)
Maternal ARVs
Initiated before pregnancy 219 (73.0) 113 (75.3) 106 (70.7)
Initiated during pregnancy 79 (26.3) 36 (24.0) 43 (28.7)
Initiated after pregnancy 2(0.7) 1(0.7) 1(0.7)
Maternal ARV regimen
Efavirenz based 220 (73.3) 12 (74.7) 108 (72.0)
Nevirapine based 62 (20.7) 31(20.7) 31(20.7)
Protease inhibitor based 18 (6.0) 7(4.7) 11 (73)
Maternal CD4 count, cells/uL, median (IQR)° 478 (330-668) 482 (330-683) 472 (334-655)
Maternal HIV RNA, copies/mL, median (IQR)° 0 (0-0) 0 (0-0) 0 (0-0)
HIV viral load undetectable® 226 (79.3) 106 (75.2) 120 (83.3)
HIV viral load >1000 copies/mL 16 (5.6) 9 (6.4) 7 (4.9)
Maternal history of TB 32 (10.7) 15 (10.0) 17 (11.3)
Maternal history of IPT 224 (74.7) 107 (71.3) 117 (78.0)
Initiated before pregnancy 94 (42.2) 42 (39.3) 52 (44.8)
Initiated during pregnancy 110 (49.3) 55 (51.4) 55 (474)
Initiated after pregnancy 19 (8.5) 10 (9.4) 9(78)
Residential characteristics
Crowding
Persons in household, median (IQR) 4 (4-6) 4 (4-6) 4.5 (4-6)
Rooms in household, median (IQR) 2 (1-3) 2 (1-3) 2 (1-3)
Housing
Pit latrine use 248 (82.7) 125 (83.3) 123 (82.0)
Electricity in home 222 (74.0) 108 (72.0) 114 (76.0)
Running water in home 77 (25.7) 40 (26.7) 37 (24.7)

Data are presented as no. (%) unless otherwise indicated.

Abbreviations: ARV, antiretroviral; HIV, human immunodeficiency virus; INH, isoniazid; IPT, isoniazid preventive therapy; IQR, interquartile range; PMTCT, prevention of maternal-to-child
transmission; TB, tuberculosis; WAZ, weight-forage z score.

“n =299 (150 INH, 149 no INH).

°n = 272 (140 INH, 132 no INH). Twenty-eight caregivers of participants who did not have a current partner were excluded.

°n =257 (133 INH, 124 no INH). CD4 data were collected from routine programmatic data; 43 missing due to changing guidelines regarding CD4 monitoring in Kenya.
9n =285 (141 INH, 144 no INH). HIV viral load data collected from routine programmatic data, 15 missing.

Caregiver of 1 infant in the no INH arm withdrew from study after consent but before anthropometric assessment.

°HIV viral load lower level of detection by routine Ministry of Health testing in Kenya is 20 copies/mL.

Missing timing of programmatic maternal IPT initiation for 1 participant in the no INH arm.

Among children completing follow-up, the most common  travel and or inability to return for TST read within the
reasons for missing the primary endpoint was difficult blood allotted window. Baseline characteristics of infants either
draw or insufficient volume for QFT-Plus, and caregiver = with or missing an Mtb infection endpoint were similar
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(data not shown), as was proportion of infants per arm
with QFT-Plus and TST results (Supplementary Table 1).
Among 132 children randomized to INH with available
primary outcome assessment, 53.0% (70/132) reported op-
timal use (290% adherence) for the entire study period,
with self-reported optimal adherence ranging from 77% to
91% across visits.

Primary Outcome Mth Infection

The primary Mtb infection endpoint occurred in 10.6% (28/265)
of participants with QFT-Plus or TST results for a cumulative
Mitb infection incidence of 10.1 (95% confidence interval [CI],
7.0-14.6) per 100 person-years (PY), and was driven by TST
positivity (13.4% [25/187]; 14.4 [95% CI, 9.7-21.2] per 100 PY).
In the modified intention-to-treat analysis, Mtb infection preva-
lence (by TST or QFT-Plus) was 7.6% (10/132) in the INH arm
and 13.5% (18/133) in the no INH arm (7.0 vs 13.4 per 100 PY;
hazard ratio [HR], 0.53 [95% CI, .24-1.14]; P = .11) (Figure 2).
Restricted to TST alone, 8.6% (8/93) of children randomized to
INH were TST positive vs 18.1% (17/94) of those randomized
to no INH (9.0 vs 19.9 per 100 PY; HR, 0.46 [95% CI, .20-1.07];
P=.07).

Distribution of TST and QFT-Plus results including quantita-
tive values are provided in Supplementary Figures 1 and 2 and
Supplementary Table 4). Among 171 with both QFT-Plus and
TST performed, agreement between TST and QFT-Plus results
was 84.2% based primarily on negative results with no overlap
between positive QFT-Plus (2/171 [1.1%]) and TST (25/171
[14.6%]) (k =—0.02 [95% CI, —.05 to .01; P = .72; Supplementary
Table 2). In sensitivity analyses restricted to children with both
TST and QFT-Plus results, the direction of effect was similar
(INH, 9/83 [10.8%] vs no INH, 18/88 [20.5%]; RR, 0.53 [95%
CL .25-1.11]; P = .10).

Sensitivity analyses of QFT-Plus and TST positivity and of
the primary outcome of Mtb infection by varied cutoffs, and
best- and worst-case scenarios for missing endpoints are de-
tailed in Supplementary Tables 2 and 3.

Secondary Safety and Exploratory Outcomes

Severe adverse event frequency was similar between arms (INH,
14.0% [21/150] vs no INH, 10.7% [16/150]; P = .38); there were
no INH-related severe adverse events (Table 2). One child ran-
domized to INH had grade 2 elevation of LFTs on enrollment
prior to INH initiation, which remained grade 2 after 1 month

INH No INH Risk ratio Interaction
(n=150) (n=150) (95% ClI) Pvalue  Pvalue?
Primary outcome
Incidence per 100 PY (95% Cl) Hazard ratio
Cumulative incidi of Mtb inf 70(3.7t0129) 134(841t0213) >~ 0.53 (.24 to 1.14) 1 -
TST positive 9.0 (4.5 to 18.0) 19.9 (12.4 to 32.0) e 0.46 (.20 to 1.07) .07
QFT positive 1.7 (0.4 t0 6.8) 0.8 (0.1t0 6.0) - 2.05 (.19 t0 22.62) .56
no./No (%) Relative risk
Prevalence of Mtb infection 10/132 (7.6) 18/133 (13.5) e 0.56 (.27 to 1.17) A2 -
TST positive 8/93 (8.6) 17/94 (18.1) —— 0.48 (.22 to 1.05) .07
QFT positive 2/122 (1.6) 1/126 (0.8) - 2.07 (.19 to 22.6) .55
S dary and expl
Grade 3 or higher adverse events 21/150 (14.0) 16/150 (10.7) e 1.31(.71t0 2.42) .38 -
Comp (Mtbinfection, TB, or death) 11/146 (7.5) 19/142 (13.4) —a} 0.56 (.28 to 1.14) M -
Subgroup analyses
Maternal history of IPT 16
Yes 9/96 (9.4) 13/103 (12.6) — 0.74 (.33 to 1.66) 47
No 1/36 (2.8) 5/30 (16.7) . 0.17 (.02 to 1.37) 10
Maternal history of TB .07
Yes 0/13 (0.0) 3/11(27.3) - .08°
No 10/119 (8.4) 15/122 (12.3) ——t— 0.68 (.32 to 1.46) 33
Maternal ART initiation 27
Before pregnancy 71102 (6.9) 15/96 (15.6) > 0.44 (.19 t0 1.03) .06
During or after pregnancy 3/30 (10.0) 3/37 (8.1) Be 1.23 (.27 1t05.73) 79
Maternal partner HIV status .65
Positive or Unknown 6/83 (7.2) 11/77 (14.3) —_——r— 0.51 (.20 to 1.31) 16
Negative 4/42 (9.5) 5/39 (12.8) —— 0.74 (.21 to 2.59) .64
I T T 1
0.01 0.10 1.00 5.00 25.00
Favors INH Favors control
Figure 2. Primary, secondary, and exploratory outcomes including subgroup analyses. The primary outcome is Mycobacterium tuberculosis (Mtb) infection (either tuberculin

skin test or QuantiFERON-TB Gold Plus) 12 months after randomization utilizing a modified intention-to-treat approach including all participants who underwent randomiza-
tion irrespective of receipt of trial medication with at least 1 measure of Mtb infection, excluding 2 children found to be human immunodeficiency virus DNA positive in the
no isoniazid arm during the study. Exploratory composite outcome of Mtb infection, death, or tuberculosis includes all infants with known vital or tuberculosis status at the
end of the trial. Subgroup analyses are based on baseline characteristics at the trial entry and include only participants with available primary outcome Mtb assessment.
?nteraction between study group and subgroup. °By Fisher exact test due to zero cases in the isoniazid arm. Abbreviations: ART, antiretroviral therapy; Cl, confidence interval;
HIV, human immunodeficiency virus; INH, isoniazid; IPT, isoniazid preventive therapy; Mtb, Mycobacterium tuberculosis; PY, person-years; QFT, QuantiFERON-TB Gold Plus;
TB, tuberculosis; TST, tuberculin skin test.
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Table 2. Adverse Events of Grade 3 or Higher

All Participants INH No INH
Adverse Event (N =300) (n=150) (n =150)
Total participants with SAEs® 37 (12.3) 21 (14.0) 16 (10.7)
Total SAEs® 40 (13.3) 24 (16.0) 16 (10.7)
Death® 1(0.3) 0(0) 1(0.7)
HIV infection 2(0.7) 0(0) 2 (1.3)
Hepatotoxicity 0(0) 0(0) 0(0)
Peripheral neuropathy 0(0) 01(0) 0(0)
Hospitalization 38(12.7) 24 (16.0%%¢% 14 (9.3
Pneumonia/URTI 10 (3.3) 5(3.3) 5(3.3)
Gastroenteritis 11 (3.7) 8(5.3) 3 (2.0
Malaria 18 (6.0) 12 (8.0) 6 (4.0)
Other 4(1.3) 3(2.0° 1(0.7)

Data are presented as no. (%).

Abbreviations: INH, isoniazid; SAE, severe adverse event; URTI, upper respiratory tract
infection.

®Grade 3 or higher. P= .38 between the INH and no INH arms.
°P =17 between the INH and no INH arms.

Four infants hospitalized with multiple diagnoses: malaria and flu (n = 1), malaria and pneu-
monia (n = 1), malaria and gastroenteritis (n = 2).

90ne infant hospitalized for malaria on 2 separate occasions.

°One infant hospitalized for malaria and gastroenteritis and then hospitalized for pneumonia
on a later date.

fOne infant hospitalized for corrective surgery for encephalocele and then hospitalized for
URTI on a later date.

9Corrective surgery for cleft palate (n = 1), encephalocele (n = 1), or burns (n = 1).

"One infant who was hospitalized for pneumonia and died is included as both a death and
a hospitalization.

'One infant hospitalized for malaria and URTI on the same occasion.
ICorrective surgery for spina bifida.

of INH. One child was diagnosed with TB (INH arm), and 1
died of non-TB-related causes (no INH arm) (Figure 1). The
exploratory composite endpoint of Mtb infection, TB, and/or
death was similar to the primary outcome, with 7.5% (11/146)
of participants in the INH arm and 13.4% (19/142) in the no
INH arm (RR, 0.56 [95% CI, .28-1.14]; P = .11) and driven al-
most exclusively by Mtb infection (Figure 2).

Per protocol analyses of infants with any INH compared to
no INH use yielded similar results (INH, 7.8% [10/128] vs no
INH, 13.6% [18/136]; HR, 0.57 [95% CI, .27-1.20]; P =.14)
(Supplementary Table 3).

In subgroup analyses, there was a trend for lower prevalence
of Mtb infection for infants with mothers with a history of TB
(INH, 0% [0/13] vs no INH, 27.3% [3/11]; interaction P = .07)
(Figure 1).

DISCUSSION

In this trial, INH did not provide a statistically significant
reduction in risk of primary Mtb infection among HEU in-
fants in a high TB/HIV-endemic setting under contemporary
conditions of universal maternal ART and high program-
matic IPT uptake [31]. Although approximately half as many
children randomized to INH had Mtb infection (HR, 0.53;
P = .11), lower than anticipated rates of Mtb infection likely
limited our power to demonstrate a significant protective INH

effect. As with previous pediatric TB prevention trials, INH
was safe [5, 14, 19-21], with no drug-related severe adverse
events, and similar severe adverse event frequency reported
between arms.

Our trial has several novel features including an emphasis on
HEU children and prevention of primary Mtb infection. HEU
infants remain at high risk of Mtb infection and TB disease in
endemic settings, even in the absence of known Mtb exposure,
with markedly increased risk compared to HIV-unexposed
children [4, 5, 30, 32, 33]. In young children who lack preex-
isting adaptive immune responses, Mtb infection can progress
rapidly to TB disease [7-10, 34, 35]. A recently published sys-
tematic review and meta-analysis estimated an approximately
20% TB risk within 2 years of exposure for young children, with
most (83% <5 years of age) developing TB disease within weeks
of initial contact investigation [13]. Although contact tracing
focused strategies are important, they are unlikely to prevent
the preponderance of pediatric TB. A strategy that prevents or
delays primary Mtb infection during the first year of life could
protect infants during this particularly vulnerable window.

There are distinctions that may account for the differences
between our study and P1041, the placebo-controlled random-
ized trial in South Africa and Botswana that randomized chil-
dren living with HIV and HEU children enrolled at a median of
96 days of life to INH or placebo for 96 weeks; that study found
no evidence of protection from a combined endpoint of TB di-
sease or death in either group or Mtb infection (as measured by
TST) in HEU children [5]. Infants in our study were enrolled
at a younger age (median age, 44 weeks). In P1041, Mtb assess-
ment was part of a composite outcome at 96 weeks and only
2.6% of HEU children had Mtb infection. Our study observed
a 3- to 4-fold higher prevalence of TST positivity at study end
at approximately 56 weeks of age (10.8% among all children
with an infection endpoint, and 13.6% when limited to children
with an available TST result). While the initially reported out-
come of Mtb infection by TST was lower in P1041 compared
to our study, Mtb infection may have been underestimated in
P1041 as evidenced in a subsequently published substudy in
Cape Town, which reported that 14% (19/132) of HEU infants
were QFT positive upon exit from the parent study [36]. Last,
while mortality was similarly low (<1%) among HEU children
in both studies (1/300 vs 6/804 in P1041), incident TB disease
was lower in our study (0.03% [1/300] vs 7.3% [59/804]), poten-
tially due to contemporary community ART and IPT use.

Our trial has limitations. We estimated a substantive INH
(65%) effect based on studies of TB disease prevention among
TST-positive adult PLHIV and community trials in HIV-
negative populations; meta-analyses of INH efficacy to prevent
pediatric TB disease have ranged from 35% to 63% [13, 14, 18,
28]. Our observed cumulative incidence was lower than our es-
timate extrapolated from a historical HIV-exposed Kenyan in-
fant cohort [30], potentially due in part to the high proportion
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of mothers who had received IPT during pregnancy and early
postpartum [31]. These issues likely limited our power and pre-
cision to detect differences between trial arms. There is no gold
standard to diagnose Mtb infection; both TST and IGRA rely
on immune-mediated responses to detect infection [37]. We in-
itially chose QFT-Plus to test for Mtb infection based on the
potential for higher sensitivity and specificity (due to lack of
cross-reactivity with BCG administration) than TST, though
data at trial inception were limited in young infants [27, 37,
38]. TST was incorporated later per DSMB recommendations
due to low accrued IGRA endpoints to optimize sensitivity and
because it is still recommended for children <2 years of age.
TST-positivity may have been due to BCG cross-reactivity [37].
Study staff were not blinded to TST result, and TST reading may
have been affected by terminal digit bias with potential mis-
classification of endpoint. Delayed TST implementation, the
primary driver of endpoints, may have led to underestimation
of primary outcome in both arms. The proportion of children
assessed by QFT-Plus and or TST was similar in both arms, and
therefore was unlikely to have biased outcomes differentially by
study arm. We used recommended cutoffs for QFT-Plus and
TST but evaluated additional cutoffs in sensitivity analyses.
There was low correlation between TST positive and QFT-Plus
results, with only 2 positive QFTs for which TST results were
available, though overall agreement was high because most chil-
dren were negative on both tests. Recent studies indicate that
some individuals have IFN-y-independent immune responses
to Mtb antigens [39]. We plan to explore these alternate cyto-
kine responses in QFT-Plus supernatants. Although we cannot
exclude an INH effect on BCG efficacy, we delayed INH initi-
ation until 6 weeks after birth BCG administration to mitigate
this. Finally, Mtb infection may have occurred prior to study
entry. We plan to assess BCG and Mtb-specific T-cell responses
utilizing cryopreserved PBMCs from enrollment to detect po-
tential early Mtb infection and possible BCG-induced immune
correlates of Mtb infection [40].

With the current trial results, we cannot ascertain durability
of INH effect; however, an extended observational period with
assessment of Mtb infection at 24 months of age is ongoing.
Similar to recent TB prevention trials in adults, participants
were not blinded to the intervention, and adherence was based
on participant (albeit caregiver) report [41, 42]. During the trial,
the Kenyan public health sector experienced multiple health-
care worker strikes (250 days over 11 months in 2016-2017),
limiting clinical services [43] and potentially impacting par-
ticipant follow-up at visits aligned with Kenyan routine immu-
nization schedules, resulting in gaps of INH coverage despite
overall high retention (>96%), contributing to the relatively low
proportion of children reporting optimal adherence. As such,
adherence to INH more closely resembled that of a program-
matic setting. Poor adherence may have reduced the effect size

of our intervention.

While newer short course preventive therapy regimens (pri-
marily rifamycin-based) have improved adherence and comple-
tion rates with fewer adverse events [41, 44, 45], it is unclear
due to their short duration if they would exert durable pro-
tection throughout the period of risk in infants. Additionally,
rifamycins significantly reduce concentrations of nevirapine,
which is routinely used for HIV prevention for HIV-exposed
children [46].

In conclusion, INH for the prevention of primary Mtb in-
fection in HEU children warrants further study as part of
a comprehensive approach to address the global burden of
pediatric TB.
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