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Background. People with human immunodeficiency virus (HIV) and advanced immunosuppression initiating antiretroviral
therapy (ART) remain vulnerable to tuberculosis (TB) and early mortality. To improve early survival, isoniazid preventive
therapy (IPT) or empiric TB treatment have been evaluated; however, their benefit on longer-term outcomes warrants investigation.

Methods. We present a 96-week preplanned secondary analysis among 850 ART-naive outpatients (>13 years) enrolled in a
multicountry, randomized trial of efavirenz-containing ART plus either 6-month IPT (n=426) or empiric 4-drug TB treatment
(n=424). Inclusion criteria were CD4 count <50 cells/mm?® and no confirmed or probable TB. Death and incident TB were
compared by strategy arm using the Kaplan-Meier method. The impact of self-reported adherence (calculated as the proportion
of 100% adherence) was assessed using Cox-proportional hazards models.

Results. By 96 weeks, 85 deaths and 63 TB events occurred. Kaplan-Meier estimated mortality (10.1% vs 10.5%; P=.86)
and time-to-death (P=.77) did not differ by arm. Empiric had higher TB risk (6.1% vs 2.7%; risk difference, —3.4% [95%
confidence interval, —6.2% to —0.6%]; P=.02) and shorter time to TB (P=.02) than IPT. Tuberculosis medication adherence
lowered the hazards of death by >23% (P <.0001) in empiric and >20% (P <.035) in IPT and incident TB by >17% (P <.0324)
only in IPT.

Conclusions. Empiric TB treatment offered no longer-term advantage over IPT in our population with advanced
immunosuppression initiating ART. High IPT adherence significantly lowered death and TB incidence through 96 weeks,
emphasizing the benefit of ART plus IPT initiation and completion, in persons with advanced HIV living in high TB-burden,
resource-limited settings.

Keywords. isoniazid adherence; isoniazid preventive therapy; strategy trial; tuberculosis and HIV; tuberculosis prophylaxis.

Despite the scale-up of antiretroviral therapy (ART), tuberculo- human immunodeficiency virus (PWH) worldwide, accounting
for 208 000 deaths in 2019 [1]. The risk of early mortality after

initiating ART is particularly high in resource-limited settings

sis (TB) remains the leading cause of death among people with

and remains largely TB-related, with approximately 10% mortal-
ity during the first 3 months [2-6]. Reconstitution of the im-
mune system with ART alone lowers the risk of TB infection
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by up to 65%, yet PWH remain especially vulnerable to TB in
high-burden settings [7-9]. A CD4 count below 50 cells/mm?>
confers the highest risk for early mortality [3, 5]. People with
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HIV with advanced immunosuppression continue to seek HIV
care in various settings [10, 11], underscoring the critical need
for TB control strategies beyond ART to improve survival in
this highly vulnerable population and to achieve 2030 global
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TB targets, namely, an 80% decrease in TB incidence and a 90%
decrease in TB deaths compared with 2015 levels [1].

Isoniazid preventative therapy (IPT) in PWH is one such TB
control strategy, with mounting evidence describing the inde-
pendent and synergistic impact of IPT and ART to reduce
the risk of TB and death [12-15]. World Health Organization
guidelines now recommend ART initiation and at least 6
months of isoniazid prevention therapy (IPT) for all persons
presenting for HIV care after excluding active TB, regardless
of CD4 count or tuberculin skin test [16]. Overall, the popula-
tion receiving TB prevention has expanded since 2015, growing
from 1 million to 4.1 million in 2019, and PWH comprise the
majority (3.5 million in 2019) [1]. However, coverage of
PWH initiating ART with IPT varies from <1% to 89% in
high TB- or HIV/TB-burden countries, with scale up predom-
inantly localized to India (25%), United Republic of Tanzania
(19%), South Africa (15%), Malawi (5%), and Zambia (5%)
[1]. Despite the expanding body of evidence supporting IPT,
concerns about unreliable TB diagnostics, poor adherence,
and the potential for isoniazid resistance using a 1-drug regi-
men have contributed to persistently suboptimal global imple-
mentation and uptake [17-20].

Given the aforementioned concerns, providing preemptive
4-drug TB treatment at ART initiation has been investigated
as an alternative strategy. Our group previously reported no
early survival advantage of empiric 4-drug TB treatment over
6-month IPT in the 24-week analysis of the AIDS Clinical
Trials Group (ACTG) A5274 REMEMBER (Reducing Early
Mortality and Early Morbidity by Empirical Tuberculosis
Regimens) trial (ClinicalTrials.gov Identifier NCT01380080)
[21]. This randomized, open-label, phase IV strategy trial en-
rolled outpatients initiating ART with CD4 counts below
50 cells/mm” in 10 resource-limited, high TB-burden countries
spanning sub-Saharan Africa, the Americas, and Asia. We now
present the 96-week analysis of death and incident TB and in-
clude the important effect of adherence to TB medications
through 24 weeks from this trial.

METHODS

The A5274 trial methods have been previously described in de-
tail (Supplemental Methods) [21]. In brief, between 2011 and
2015, participants were recruited at 18 outpatient study sites
in 10 resource-limited countries (Kenya, Malawi, South
Africa, Uganda, Zambia, Zimbabwe, India, Brazil, Haiti, and
Peru) characterized by both high TB incidence (>100 per
100 000 person-years) and early mortality after ART initiation
(6-month mortality >5%). We enrolled ART-naive PWH aged
>13 years who presented for ART initiation with CD4 counts
<50 cells/mm’ without confirmed or probable TB [21].
Tuberculosis screening was conducted for active TB using signs
and symptoms (presence of cough lasting >2 weeks, any

current fever >38°C, hemoptysis, night sweats within the past
2 weeks, unintentional weight loss >10% in past 30 days, or en-
larged axillary or cervical lymph nodes) and locally available di-
agnostics, such as acid-fast bacilli smear, chest radiography,
GeneXpert MTB/RIF assay (only available at 5 sites, n =444),
ultrasound, and mycobacterial culture. After June 2013,
GeneXpert was required for initial TB screening and was
conducted on stored baseline samples collected before this
date (n = 398). Retrospectively, urine LAM testing was also per-
formed on a subset of stored baseline samples (n =566, n =283
per arm) [22]. Exclusion criteria included exposure to
single-dose nevirapine (past 2 years), TB treatment (past 96
weeks), IPT (past 48 weeks), or any household contact of
multidrug-resistant TB. Inclusion criteria included liver func-
tion tests <2.5 times the upper limit of normal, creatinine clear-
ance >30 mL/min, and Karnofsky score >30 at the time of
study entry.

At entry, participants were randomized 1:1 to initiate ART
plus either empiric 4-drug TB treatment or IPT; randomization
was balanced by study site and stratified according to CD4
count (<25 vs >25 cells/mm?) and the presence of poor prog-
nostic factors (none vs >1), namely, reportable hospitalization
in past 30 days, body mass index <18.5 kg/m’, or hemoglobin
<8 g/dL. Follow-up visits were scheduled through 96 weeks af-
ter randomization (weeks 1, 2, 4, 8, 12, 16, 20, 24, 48, 60, 72, 84,
and 96). The primary outcome was survival status at week 24,
and a priori secondary analysis outcomes were survival status
and incident TB at week 96.

Procedures

All participants received efavirenz-based ART (efavirenz/
tenofovir/emtricitabine or efavirenz +locally available nucleo-
side reverse-transcriptase inhibitors). Empiric TB treatment
consisted of weight-based, fixed-dose combination isoniazid/
rifampin/ethambutol/pyrazinamide daily for 8 weeks followed
by fixed-dose combination rifampin/isoniazid daily for 16
weeks. Isoniazid prevention therapy consisted of 300 mg isoni-
azid daily for 24 weeks. All participants received medications
for self-administration, initiated treatment within 7 days of
randomization, received pyridoxine while on isoniazid, and re-
ceived local standard of care.

A sputum sample from each participant was stored at entry.
At all visits, data were collected on signs and symptoms, ART
modifications, concomitant medications, and clinical events,
as defined by a standardized tool (ACTG Appendix 60) [21].
After enrollment in the study, participants in both groups
who developed signs and symptoms were tested for TB using
locally available diagnostics and treated accordingly.
Self-reported adherence to TB medications and ART was re-
corded using the ACTG 4-day recall adherence questionnaire
administered at week 1, 2, 4, 8, 12, 16, 20, and 24 [23].

Participants were transferred to locally provided care at week
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48; data collection continued via telephone and/or chart review
at weeks 60, 72, 84, and 96.

Patient Consent Statement

All participants provided written informed consent. The ethics
committees and institutional review boards approved the trial
methods and procedures at each participating site [21].

Outcomes

Primary outcomes were death and confirmed or probable TB
by week 96. Tuberculosis events were classified as confirmed
(microbiologically confirmed), probable (compatible clinical
and/or radiological presentation [>1 of the following: radiology
consistent with TB; temperature >38°C; weight loss >10% of
body weight; night sweats; known TB exposure; or absence of
another diagnosis] and TB treatment initiated), or clinical
(TB treatment initiated). All death and TB events were
reviewed and adjudicated by an independent committee.
Adherence to TB and ART medications was assessed at each
visit and calculated as the proportion of 100% adherence (num-
ber of visits with 100% adherence divided by the number of
visits with an adherence questionnaire available).

Statistical Analysis

Primary outcomes were evaluated using the Kaplan-Meier
(KM) method with an intention-to-treat (ITT) approach, ana-
lyzing all those who were randomized. Participants who
discontinued the study or had unknown survival status
before week 48 were censored at the last visit. The
Cochran-Mantel-Haenszel test was used to compare each end-
point probabilities between the treatment strategies after strat-
ification by CD4 count (<25 vs >25 cells/mm?®) and the
prognostic factors (presence of at least 1 prognostic factor vs
absence of all prognostic factors). The estimated probability
of each endpoint and time to event were compared by TB strat-
egy using the z-test and log-rank test, respectively. The follow-
ing modified ITT analyses were also conducted: (1) excluding
participants retrospectively identified as Mycobacterium tuber-
culosis (MTB) positive at entry using stored baseline samples
tested via GeneXpert, urine lipoarabinomannan (LAM) assay,
or both assays; and (2) excluding participants who developed
confirmed or probable TB (time-to-death analysis only).
Competing risk analysis of time to confirmed or probable TB
was also performed using the Cox regression method with
deaths considered a competing risk. The associations between
adherence to TB and ART medications and primary endpoints
at 24, 48, and 96 weeks were evaluated using separate Cox pro-
portional hazards models for each TB strategy. Hazards ratios
were calculated per 10% increase in the proportion of 100% ad-
herence to TB and ART medications through week 24. Fisher’s
exact test was used to compare the outcomes of death and inci-
dence TB by cumulative adherence (100% vs <100%). Fisher’s

exact test was also used to compare the diagnosis of incident TB
by 96 weeks among those who were retrospectively identified as
having TB at baseline by GeneXpert or urine LAM. Statistical
analyses were conducted using SAS version 9.4 (SAS Institute
Inc., Cary, NC).

RESULTS

Of 1368 patients screened, 850 eligible participants were ran-
domized to empiric treatment (n=424) or IPT (n=426) and
were included in this analysis (Figure 1). The study population
was 53% male, 90% were Black African or Black of African or-
igin, the median age was 36 years (interquartile range [IQR],
30-42), and the median CD4 count was 18 cellsymm> (IQR,
9-32) (Table 1). No individuals <18 years old were enrolled,
and the participant’s gender identity information was not col-
lected in this study.

Primary Endpoints
Atweek 96, 85 deaths, including 2 deaths occurring off study, were
recorded (empiric n=41; IPT n=44), including 18 deaths after
week 48 (empiric n = 11; IPT n=7). Although mortality was high-
er in those with a CD4 cell count of less than 25 cells/mm”® and
those with poor prognostic factors, the event rates were similar
across groups for the stratification factors (Supplementary
Table 1). Study groups did not differ by KM-estimated mortality
(empiric 10.1% [95% CI, 7.5%-13.6%] vs IPT 10.5% [95% ClI,
7.9%-13.9%)), yielding a risk difference of 0.4% (95% CI, —3.8%
to 4.6%; P=.86) (Table 2), or time to death (log rank P=.77)
(Figure 2A). These conclusions remained unchanged in the mod-
ified ITT analyses excluding participants who developed con-
probable TB (n=36) or
retrospectively identified as MTB positive at entry via GeneXpert
MTB/RIF and/or urine LAM assays (GeneXpert n=6; urine
LAM n = 28; total positive individuals n = 33) (Table 2). Five par-
ticipants (3 in empiric and 2 in IPT) were retrospectively identified
as MTB positive and died by week 96.

Opverall, 58 participants were diagnosed with 63 TB events
(confirmed, probable or clinical) by week 96 (Table 1). Of these,
51 (88%) participants developed TB by week 24; only 2 partic-

firmed or those who were

ipants developed TB after week 48 (1 in each arm) (Figure 3A
and B). By week 96, 36 participants developed confirmed or
probable TB in empiric and 22 in IPT. There was no difference
in the rate of incident TB across groups for the stratification
factors (Supplementary Table 1). Among the participants
who were retrospectively identified as MTB positive at baseline,
there was no significant difference in the diagnosis of incident
TB between the 2 arms by 96 weeks (Supplementary Table 2).
Compared with IPT, empiric treatment had a higher probabil-
ity of incident TB (6.1% [95% CI, 4.2%-8.9%] vs 2.7% [95% CI,
1.5%-4.9%]), with a risk difference of —3.4% (95% CI, —6.2% to
—0.6%; P=.02) (Table 2), and a shorter time to TB diagnosis
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+ Did not return to clinic (n = 21)
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* Risk of treatment toxicity (n = 3)
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» Prematurely discontinued « Prematurely discontinued
study (18) study (5)
» Lost to follow-up (3) * Lost to follow-up (3)

Figure 1. CONSORT study flow diagram. ART, antiretroviral therapy; IPT, isoniazid preventive therapy; Lab, laboratory.

Table 1. Baseline Characteristics and Primary 96-Week Outcomes by TB Strategy®

Characteristic/Outcome Overall (n=850) Empiric TB Treatment (n=424) Isoniazid Preventive Therapy (n=426)
Baseline characteristic
Median age, year (IQR) 36 (30-42) 36 (30-42) 35 (30-42)
Male sex 450 (53) 224 (53) 226 (53)
Race
Black 768 (90) 380 (90) 388 (91)
Indian 30 (4) 17 (4) 13 (3)
Other 52 (6) 27 (6) 25 (6)
Median CD4 count, cells/mm? (IQR) 18 (9-32) 18 (9-11) 19 (9-33)
Median HIV-1 RNA, log1o copies/mL (IQR) 5.3 (4.9-5.7) 5.4 (4.9-5.7) 5.3 (4.9-5.7)
Outcome at week 96
Death or unknown status 85 (10.0) 41 (9.7) 44 (10.3)
Confirmed or probable TB 36 (4.2) 25 (5.9) 11(2.6)
Any TB® 58 (6.8) 36 (8.5) 22 (5.2)
Total TB events, n 63 39 24
Confirmed pulmonary 20 14 6
Confirmed extrapulmonary 3 1 2
Probable pulmonary 5 3
Probable extrapulmonary 6 6 0
Clinical pulmonary 1 8

Clinical extrapulmonary 22 12

—
o

Abbreviations: HIV, human immunodeficiency virus; IQR, interquartile range; RNA, ribonucleic acid; TB, tuberculosis.
“Data presented as n (%) or median (IQR) unless otherwise indicated.
®Any confirmed, probable, or clinical tuberculosis event as per AIDS Clinical Trials Group Appendix 60, including pulmonary and extrapulmonary (more than 1 event possible per participant).

Confirmed TB is defined as microbiologically confirmed TB. Probable TB was defined as compatible clinical and/or radiological presentation (>1 of the following: radiology compatible with TB;

temperature >38°C; weight loss >10% of body weight; night sweats; known TB exposure; or absence of another diagnosis) and TB treatment initiated. Clinical TB was defined as TB cases
where TB treatment was initiated.

4 « OFID « Gupta et al



Table2. Kaplan-Meier Estimates for Primary Outcomes With 95% Cls by TB Strategy Using Intention-to-Treat and Modified Intention-to-Treat Approaches

Death Confirmed or Probable TB

Approach N Empiric IPT Risk Difference® Empiric IPT Risk Difference®
Intention-to-treat 850 10.1(7.5-13.6) 10.5(7.9-13.9) 04(-3.8t04.6) 6.1(4.2-89 27(1.5-49) -3.4(-6.2t0-0.6)*
Excluded MTB* at entry®

GeneXpert MTB/RIF only 844 10.0 (7.4-13.4) 10.3 (7.8-13.7) 0.4 (3.8-4.5) 6.2 (4.2-9.0) 2.7(1.5-4.9) -3.4(-6.3t0-0.6)*

Urine LAM only 822 10.4(7.7-14.00 10.2(7.6-13.6) -0.2(-45t04.0) 5.7(3.8-85) 2.8(1.5-4.90 -2.9(-5.8t0-0.1)*

GeneXpert MTB/RIF and/or Urine LAM 817 10.2 (7.5-13.8) 10.0(7.5-13.4) -0.2(-4.41t04.1) 57(3.8-85) 2.8(1.5-56.00 -2.9(-5.8t0-0.1)*
Excluded incident TB® 814 9.0 (6.5-12.4) 10.3(7.7-13.7) 1.3(-2.8t05.5) N/A N/A N/A

Abbreviations: Cl, confidence interval; IPT, isoniazid preventive therapy; LAM, lipoarabinomannan; MTB, Mycobacterium tuberculosis; N/A, not applicable; RIF, rifampicin; TB, tuberculosis.
NOTE: Data presented as percentage (95% Cl).

#Absolute risk difference (IPT—empiric).

Excluded participants who were retrospectively identified as MTB-positive using stored baseline samples tested via: GeneXpert only (n=#6); urine LAM only (n=28); or by either assay (n=33).
°Excluded participants who developed confirmed or probable TB as per AIDS Clinical Trials Group Appendix 60 (n=3) [21].

*Denotes ztest, P<.05.
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Empiric  42¢ 417 413 407 405 403 397 302 381 374 361 350 282 Empiric 424 412 406 397 393 388 379 74 363 56 344 135 266
IPT 426 422 418 414 412 408 404 395 382 374 366 347 Fred IPT 426 418 415 408 407 402 397 386 74 366 358 340 70

Figure 2. Kaplan-Meier curves comparing time to death (4) and time to confirmed (Conf.) or probable (Prob.) tuberculosis (TB) (B) by TB treatment strategy. The Kapla-
n-Meier curves show that time to death did not significantly differ by TB strategy (A), whereas time to incident TB was significantly more rapid among participants randomized
to empiric TB treatment (solid line) compared with those who received isoniazid preventive therapy ([IPT] dashed line) (B).

(log-rank P =.02) (Figure 2B). These conclusions remained un- Adherence to Tuberculosis and Antiretroviral Therapy Medications
changed in the competing risk analysis and after excluding par- At week 24, the mean self-reported adherence to IPT was 90.9%
ticipants retrospectively identified as MTB positive at entry ~ (standard deviation [SD]=17.6%) versus 88.1% (SD =19.6%)
(Table 2). in empiric. Self-reported adherence to IPT was higher than
A cause of death was recorded for 83 of 85 deaths (empiric adherence to empiric treatment (Wilcoxon rank-sum test
n =39; IPT n=44). Of these, 57 (69%) were HIV-related (30 P=.001), whereas adherence to ART did not differ by
in empiric and 27 in IPT), including 12 TB-related deaths arm (Wilcoxon rank-sum test P =.73). Individuals who experi-
(8 in empiric and 4 in IPT). Twelve (14.5%) were diagnoses un- enced death were more likely to have <100% cumulative adher-

related to HIV diagnoses (empiric n=4; IPT n=38), 12 (14.5%) ence to both ART and TB medications across study visits
were classified as unknown (empiric n=>5; IPT n=7), and the (Supplementary Table 3). Higher adherence to TB medications
remaining 2 deaths (2%) were due to drug toxicity and treat- through week 24 (10% increase in the proportion of 100% ad-
ment failure (both in IPT) (Table 3). The monthly death rate herence) had a significant impact on mortality (empiric and
decreased over the analysis period. Most deaths (93%) occurred ~ IPT) and incident TB (IPT only) at each timepoint (24, 48,
by week 48; 61% of all deaths (51 of 83) occurred by week 24, and 96 weeks), with at least 23% (P<.0001) and 20%
31% occurred between 24 and 48 weeks, and 7% occurred after (P <.0035) lower hazards of death in empiric and IPT, respec-
week 48 (Figure 3A and B). Most TB-related deaths occurred by tively, and at least 17% (P <.0324) lower hazards of confirmed
week 48 and were most common between week 24 and 48 (6 of or probable TB in IPT (Table 4). Isoniazid preventive therapy
12; 50%); there were 3 TB-related deaths after week 48 (all in ~ participants who survived at week 24 had a higher proportion
empiric) (Figure 3A and B). of 100% IPT adherence at weeks 2, 8, 12, and 20 than those who
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Figure 3. Number of deaths and incident tuberculosis (TB) over the 96-week analysis period by TB treatment strategy. Figure 3 illustrates the progressive decline in the
total number of deaths (black bars) per over the 96-week analysis period, with the majority (80%) of all deaths occurring during the first year of follow up—61% by week 24
and an additional 31% between week 24 and 48 (A and B). Among TB-related deaths (dark gray bars), most (92%) occurred during the first year, yet 50% were recorded
between week 24 and 48; 3 TB-related deaths occurred after week 48, all in the empiric arm (A). Incident TB (light gray) was most common within the first 24 weeks of
follow-up—88% of participants (51 of 58) were diagnosed by week 24; only 2 participants developed TB after week 48 (A and B). Bar charts show the midpoint of 2 con-
secutive study weeks. Week 24 included events that occurred after study entry and before week 36, week 48 included events that occurred at or after week 38 and before

week 72, and week 96 included events that occurred at or after week 72.

died, and IPT participants with incident TB by 24 weeks had a
lower proportion of 100% IPT adherence at weeks 1 and 8 than
those without TB. Higher adherence to ART through week 24
reduced mortality and incident TB at each timepoint in both
study groups, with at least 27% (P<.0001) and 22% (P<
.0048) lower hazards of death and at least 15% (P <.0329)
and 17% (P <.0613) lower hazards of TB in empiric treatment
and IPT, respectively (Table 4).

DISCUSSION

This 96-week analysis of the multicountry A5274 REMEMBER
trial indicates no longer-term survival benefit of empiric 4-drug
TB treatment compared with 6-month IPT in our outpatient
population initiating ART with advanced HIV without con-
firmed or probable TB. Compared with empiric treatment,
IPT had a lower rate of confirmed or probable TB by 96 weeks,
and adherence to IPT significantly reduced the hazards of early
and longer-term mortality and incident TB through 96 weeks.
These findings add to the growing evidence that empiric 4-drug
TB treatment may not provide an advantage as a TB control
strategy among individuals initiating ART with advanced
HIV [24]. More importantly, our data clearly provide
evidence supporting the implementation of ART plus 6-month
IPT that
completion of IPT is essential to reduce TB and death in high

initiation and illustrate adherence to and
TB-burden, resource-limited settings, even in the context of se-
vere immunosuppression.

Our group previously reported no early survival benefit of
empiric TB treatment and a higher rate of incident TB by 24

weeks compared with 6-month IPT [21]. We now report that

these early outcomes are sustained through 96 weeks in our
study population at high risk for TB and death. Two recent tri-
als, TB Fast Track [25] and STATIS [26], have similarly report-
ed no early mortality benefit of empiric TB treatment at 24
weeks among PWH with CD4 counts below 150 and
100 cells/mm”, respectively. The STATIS trial also found no
mortality benefit at 48 weeks [26]. Given the limitations of
TB diagnostics in PWH, especially with advanced immunosup-
pression, empiric TB treatment would hypothetically improve
survival by providing early TB treatment to patients with unde-
tected active TB and prevent TB activation in those with latent
TB infection [9]. However, we found that empiric treatment
was not more effective than IPT in reducing longer-term mor-
tality in our population, regardless of whether GeneXpert or
urine LAM assays were used at TB screening. Furthermore,
the early advantage of IPT to reduce TB risk was maintained
through 96 weeks.

Although our results suggest at least a 2-year benefit of IPT,
the actual duration of TB protection after initiation of ART plus
IPT remains unclear in populations with very advanced HIV.
Studies from Africa report TB risk gradually returns to baseline
after completing 6-month IPT [27, 28]. A randomized con-
trolled trial from Zambia found that the benefit of IPT (48%
lower TB risk compared with placebo) lasted for at least 2.5
years and noted a diminished effect over the maximum follow-
up of 7 years [29]. In contrast, recent long-term follow-up of
the TEMPRANO (2 X2 randomized controlled trial of IPT
and ART from sub-Saharan Africa) and THRio (cluster-
randomized phased treatment trial from Brazil) trials suggests
that IPT may provide longer-term protection, specifically a 37%
reduction in mortality at 6 years [30], with maintenance of

6 « OFID « Gupta et al



Table 3. Summary of the Primary Causes of Death in the Overall Cohort
and by TB Strategy

Empiric TB Isoniazid Prevention
Overall Treatment Therapy
Cause of Death (n=83) (n=239) (n=44)
HIV-related 57 (69) 30 (77) 27 (61)
TB-related 8 4
Pulmonary TB 3 1
Disseminated TB 1 1
Extrapulmonary TB 0 1
TB meningitis 1 1
Pneumonia 1 0
Other 1 0
Not TB-related 22 23
Bacterial infection .
Sepsis 2 3
Pneumonia 2 2
Fungal infection
PCP 1 1
Cryptococcal . 2 3
meningitis
Other infection® 4 4
Kaposi sarcoma 2 1
Non-Hodgkin 0 1
lymphoma
CMV encephalitis 0 1
HIV 0 1
encephalopathy
Terminal AIDS 1 0
illness
Persistent diarrhea 2 1
Anemia 1 1
Pulmonary edema 2 0
Hypovolemic shock 2 0
Other® 1 4
Non-HIV 12 4(10) 8(18)
(14.5)
Unknown 12 5(13) 7 (16)
(14.5)
Other® 2(2) 0 2 (5)

Abbreviations: AIDS, acquired immune deficiency syndrome; CMV, cytomegalovirus; HIV,
human immunodeficiency virus; PCP, Pneumocystis carinii pneumonia; TB, tuberculosis.

NOTE: Data presented as nor n (%).

“Respiratory tract inflammation (n=1); aspiration pneumonia (n=2); gastroenteritis (n=1);
pneumonia (n=3); meningitis (n=1 isoniazid preventive therapy [IPT]).

bEmp\'r\c TB treatment (n=1, central nervous system mass lesion); IPT (n=4,
cerebrovascular accident, respiratory failure, unknown, disseminated intravascular
coagulation).

“Treatment failure and toxicity.

the early benefit of IPT (31% reduction in TB risk compared
with placebo) through 7 years [31]. TEMPRANO included
individuals with higher CD4 counts (41% with CD4
>500 cells/mm?), and THRio was conducted in a medium
TB-burden setting among individuals with a positive tubercu-
lin skin test. It is notable that a recent meta-analysis of 3 ran-
(n=2611 8584.8
person-years of follow-up) reported the benefit of ART plus

domized trials participants  with
IPT to reduce TB risk is not significantly impacted by baseline

CD4 count or TB status [15]. Although future studies are

Table 4. Effect of Adherence to TB and ART Medications on Death and
Incident TB at 24, 48, and 96 Weeks Using Separate Cox Proportional
Hazards Models for Each TB Strategy

Isoniazid Preventive

Empiric TB Treatment Therapy
Study Week HR? (95% Cl) P HR® (95% CI) P
Adherence to TB medications
Death
24 weeks 0.71 (.62-.81) <.001 0.79 (.67-.92) .004
48 weeks 0.74 (.66-.84) <.001 0.78 (.69-.88) <.001
96 weeks 0.77 (.69-.85) <.001 0.80 (.71-.89) <.001
Tuberculosis®
24 weeks 0.93 (.79-1.10) 42 0.80 (.68-.95) .01
48 weeks 0.93 (.79-1.09) .38 0.82 (.70-.97) .023
96 weeks 0.94 (.80-1.10) 44 0.83 (.70-.98) .032
Adherence to ART
Death
24 weeks 0.68 (.69-.78) <.001 0.78 (.65-.93) .005
48 weeks 0.71 (.63-.79) <.001 0.75 (.66-.85) <.001
96 weeks 0.73 (.66-.82) <.001 0.77 (.68-.87) <.001
Tuberculosis®
24 weeks 0.85 (.73-.99) .03 0.80 (.66-.97) .022
48 weeks 0.84 (.73-.98) .02 0.83 (.68-.01) .06
96 weeks 0.85 (.73-.98) .03 0.82 (.68-.99) .043

Abbreviations: ART, antiretroviral therapy; Cl, confidence interval; HR, hazards ratio; TB,
tuberculosis.

?Per 10% increase in the proportion of 100% adherence to medications through week 24.
Confirmed or probable TB as per AIDS Clinical Trials Group Appendix 60.

needed to understand the precise duration of TB protection
from IPT, we identified only 1 additional TB event after week
48 and no TB-related deaths after 9 months, illustrating excel-
lent protection from TB at least during 18 months after com-
pleting IPT.

Finally, our 96-week analysis indicates that adherence to IPT
significantly improves early and longer-term outcomes, lower-
ing the hazards of death and incident TB by at least 20% and
17%, respectively. To our knowledge, our study is among the
first to examine such associations. Isoniazid preventive therapy
completion rates ranging from 85% to 95% have been reported
in study settings from high TB-burden areas [32-35], which are
consistent with IPT adherence reported among our study pop-
ulation. Although these findings suggest high patient accept-
ability and feasibility of implementation, low IPT uptake and
completion rates have been reported from real-world program-
matic settings [36], emphasizing the need for national pro-
grams to overcome barriers and boost adherence. Potential
strategies to improve IPT uptake and completion include inte-
gration of TB and HIV care [37], TB training for HIV providers
[34], community-based delivery of IPT, video directly observed
therapy via smartphone platforms [38, 39], use of adherence
devices, such as medication event reminder monitor systems
(MERMS), and interventions targeting groups with lower com-
pletion rates, such as younger patients and males [35]. In
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addition, clinical trials have recently evaluated shorter 3-month
and 1-month TB prevention regimens containing isoniazid and
rifapentine, which have similar efficacy as 60- to 9-month IPT,
but better completion and adherence rates [40], and may alle-
viate the fear of potential isoniazid resistance (ie, due to poor
adherence to a 6-month, 1-drug regimen for prevention).

Our study has several limitations. Treatment assignment was
not blinded, which could influence providers’ diagnosis and
treatment decisions. Second, the length of follow-up limited
our ability to fully assess and compare the lasting impact of
IPT. In addition, we relied on self-reported adherence instead
of using objective measures, such as urine isoniazid levels or
pharmacokinetic measurements of rifampicin. Next, due to
the low number of culture-confirmed TB cases, we were unable
to assess drug resistance at the time of incident TB and could
not address concerns about developing isoniazid resistance.
Finally, it is unclear why adherence to empiric TB treatment
was not also associated with a reduction in incident TB. With
the observation that TB was more common in the empiric
arm, particularly during the first 24 weeks, it is possible that
there was an imbalance in the randomization that could have
impacted our findings. A retrospective analysis of A5274 stored
urine baseline samples revealed an increased incidence of pos-
itive urine LAM assays in the empiric arm compared with the
IPT arm, which likely occurred by chance [22]. Finally, given
that adherence was self-reported, it could be that the additional
pill burden and side effects of the 4-drug regimen led to de-
creased rates of adherence in actuality. Despite these limita-
tions, we were able to demonstrate the effectiveness of IPT to
reduce longer-term mortality and TB risk compared with em-
piric TB treatment, including the impact of adherence, in a very
high-risk study population with advanced HIV.

CONCLUSIONS

In conclusion, empiric 4-drug TB treatment offered no survival
advantage over IPT and had a higher rate of incident TB in
longer-term follow-up. Furthermore, a higher degree of IPT
adherence substantially reduced the incidence of TB and death.
These findings highlight not only the importance of TB preven-
tive treatment (TPT) and concomitant ART initiation as an ef-
fective strategy to reduce TB and death in individuals with
advanced HIV disease and no suspected TB, they also shed light
on the necessity of adherence. As we transition to a new era of
TPT, with an increasing variety of available treatment strate-
gies, preference for shorter regimens to improve adherence
and completion is likely to be associated with greater reduction
in TB incidence and mortality. At a minimum, efforts to
optimize uptake and adherence to ART and TPT should be
prioritized among national ART programs in high-burden,
resource-limited settings.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.

Acknowledgments

We are grateful to all the study participants and study team members of
the AIDS Clinical Trials Group (ACTG) A5274 REMEMBER trial team.

Disclaimer. The content is solely the responsibility of the authors and
does not necessarily represent the official views of the National Institutes
of Health. The funders had no influence on the study design or analysis
of the data.

Financial support. This work was funded by the US National Institutes
of Health, National Institute of Allergy and Infectious Diseases through the
AIDS Clinical Trials Group (Grants AlI68636, Al069450, and UMI1
AI068634) and the US National Institutes of Health, National Institute of
Allergy and Infectious Diseases (Grant UMIAI069465; to A. G.).
S. K. was funded by the National Institutes of Health (Grant T32
AT007291-27). Pharmaceutical support was provided by Gilead Sciences.

Potential conflicts of interest. All authors: No reported conflicts of inter-
est. All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest.

References

1. World Health Organization. Global tuberculosis report 2020. Available at: http:/
libraryl.nida.ac.th/termpaper6/sd/2554/19755.pdf. Accessed 20 May 2022.
2. Gupta RK, Lucas SB, Fielding KL, Lawn SD. Prevalence of tuberculosis in post-
mortem studies of HIV-infected adults and children in resource-limited settings:
a systematic review and meta-analysis. AIDS 2015; 29:1987. doi:10.1097/QAD.
0000000000000802
3. Gupta A, Nadkarni G, Yang W-T, et al. Early mortality in adults initiating anti-
retroviral therapy (ART) in low-and middle-income countries (LMIC): a system-
atic review and meta-analysis. PLoS One 2011; 6:¢28691. doi:10.1371/journal.
pone.0028691
4. Ford N, Matteelli A, Shubber Z, et al. TB as a cause of hospitalization and in-
hospital mortality among people living with HIV worldwide: a systematic review
and meta-analysis. ] Int AIDS Soc 2016; 19:20714. doi:10.7448/IAS.19.1.20714
5. Braitstein P, Brinkhof MW, Dabis F, et al. Mortality of HIV-1-infected patients in
the first year of antiretroviral therapy: comparison between low-income and high-
income countries. Lancet 2006; 367:817-24. doi:10.1016/S0140-6736(06)68337-2
6. Boulle A, Schomaker M, May MT, et al. Mortality in patients with HIV-1 infection
starting antiretroviral therapy in South Africa, Europe, or North America: a col-
laborative analysis of prospective studies. PLoS Med 2014; 11:e1001718. doi:10.
1371/journal.pmed.1001718
7. Suthar AB, Lawn SD, Del Amo J, et al. Antiretroviral therapy for prevention of
tuberculosis in adults with HIV: a systematic review and meta-analysis. PLoS
Med 2012; 9:¢1001270. doi:10.1371/journal.pmed.1001270
8. Gupta A, Wood R, Kaplan R, Bekker L-G, Lawn SD. Tuberculosis incidence rates
during 8 years of follow-up of an antiretroviral treatment cohort in South Africa:
comparison with rates in the community. PLoS One 2012; 7:¢34156. doi:10.1371/
journal.pone.0034156
9. Lawn SD, Harries AD, Williams BG, et al. Antiretroviral therapy and the control
of HIV-associated tuberculosis. Will ART do it? Int ] Tuberc lung Dis 2011; 15:
571-81. doi:10.5588/ijtld.10.0483
10. The IeDEA and COHERE Cohort Collaborations. Global trends in CD4 cell count
at the start of antiretroviral therapy: collaborative study of treatment programs.
Clin Infect Dis 2018; 66:893-903. doi:10.1093/cid/cix915
11. Siedner MJ, Ng CK, Bassett I V, Katz IT, Bangsberg DR, Tsai AC. Trends in CD4
count at presentation to care and treatment initiation in sub-Saharan Africa,
2002-2013: a meta-analysis. Clin Infect Dis 2015; 60:1120-7. doi:10.1093/cid/
ciull37
12. Ayele HT, van Mourik MSM, Debray TPA, Bonten MJM. Isoniazid prophylactic
therapy for the prevention of tuberculosis in HIV infected adults: a systematic re-
view and meta-analysis of randomized trials. PLoS One 2015; 10:e0142290. doi:
10.1371/journal.pone.0142290
13. Temprano ANRS 12136 Study Group. A trial of early antiretrovirals and isoniazid
preventive therapy in Africa. N Engl J Med 2015; 373:808-22. doi:10.1056/
NEJMoal507198

8 « OFID « Gupta et al


http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac325#supplementary-data
http://library1.nida.ac.th/termpaper6/sd/2554/19755.pdf
http://library1.nida.ac.th/termpaper6/sd/2554/19755.pdf
https://doi.org/10.1097/QAD.0000000000000802
https://doi.org/10.1097/QAD.0000000000000802
https://doi.org/10.1371/journal.pone.0028691
https://doi.org/10.1371/journal.pone.0028691
https://doi.org/10.7448/IAS.19.1.20714
https://doi.org/10.1016/S0140-6736(06)68337-2
https://doi.org/10.1371/journal.pmed.1001718
https://doi.org/10.1371/journal.pmed.1001718
https://doi.org/10.1371/journal.pmed.1001270
https://doi.org/10.1371/journal.pone.0034156
https://doi.org/10.1371/journal.pone.0034156
https://doi.org/10.5588/ijtld.10.0483
https://doi.org/10.1093/cid/cix915
https://doi.org/10.1093/cid/ciu1137
https://doi.org/10.1093/cid/ciu1137
https://doi.org/10.1371/journal.pone.0142290
https://doi.org/10.1371/journal.pone.0142290
https://doi.org/10.1056/NEJMoa1507198
https://doi.org/10.1056/NEJMoa1507198

20.

21.

22.

23.

24.

25.

26.

27.

. Akolo C, Adetifa I, Shepperd S, Volmink J. Treatment of latent tuberculosis infec-

tion in HIV infected persons. Cochrane Database Syst Rev 2010; 2010:CD000171.
doi:10.1002/14651858.CD000171.pub3

. Ross JM, Badje A, Rangaka MX, et al. Isoniazid preventive therapy plus antiretro-

viral therapy for the prevention of tuberculosis: a systematic review and meta-
analysis of individual participant data. Lancet HIV 2021; 8:¢8-15. doi:10.1016/
$2352-3018(20)30299-X

. World Health Organization. Latent tuberculosis infection. Updated and consoli-

dated guidelines for programmatic management. Available at: https://apps.who.
int/iris/handle/10665/260233. Accessed 20 May 2022.

. Gupta S, Granich R, Lepere P, Hersh B, Gouws E, Samb B. Review of policy and

status of implementation of collaborative HIV-TB activities in 23 high-burden
countries. Int ] Tuberc Lung Dis 2014; 18:1149-58. doi:10.5588/ijtld.13.0889

. Kagujje M, Mubiana ML, Mwamba E, Muyoyeta M. Implementation of isoniazid

preventive therapy in people living with HIV in Zambia: challenges and lessons.
BMC Public Health 2019; 19:1-4. doi:10.1186/s12889-019-7652-x

. Roscoe C, Lockhart C, de Klerk M, et al. Evaluation of the uptake of tuberculosis

preventative therapy for people living with HIV in Namibia: a multiple methods
analysis. BMC Public Health 2020; 20:1-12. doi:10.1186/s12889-020-09902-z
Nyathi S, Dlodlo RA, Satyanarayana S, et al. Isoniazid preventive therapy: uptake,
incidence of tuberculosis and survival among people living with HIV in Bulawayo,
Zimbabwe. PLoS One 2019; 14:¢0223076. doi:10.1371/journal.pone.0223076
Hosseinipour MC, Bisson GP, Miyahara S, et al. Empirical tuberculosis therapy
versus isoniazid in adult outpatients with advanced HIV initiating antiretroviral
therapy (REMEMBER): a multicountry open-label randomised controlled trial.
Lancet 2016; 387:1198-209. doi:10.1016/S0140-6736(16)00546-8

Matoga MM, Bisson GP, Gupta A, et al. Urine lipoarabinomannan testing in
adults with advanced human immunodeficiency virus in a trial of empiric tuber-
culosis therapy. Clin Infect Dis 2021; 73:e870-7. doi:10.1093/cid/ciab179
National Institute of Allergy and Infectious Diseases AIDS Clinical Trials Group.
ACTG Adherence Self Report. Available at: https://www.frontierscience.org/apps/
cfmx/apps/common/QOLAdherenceForms/resources/actg/forms/english/
ql0757.pdf. Accessed 21 September 2021.

Chaisson RE. Empirical antituberculosis therapy in advanced HIV disease—too
much, too late. N Engl ] Med 2020; 382:2459-60. doi:10.1056/NEJMe2009679
Grant AD, Charalambous S, Tlali M, et al. Algorithm-guided empirical tubercu-
losis treatment for people with advanced HIV (TB Fast Track): an open-label,
cluster-randomised trial. Lancet HIV 2020; 7:¢27-37. doi:10.1016/S2352-
3018(19)30266-8

Blanc F-X, Badje AD, Bonnet M, et al. Systematic or test-guided treatment for tu-
berculosis in HIV-infected adults. N Engl ] Med 2020; 382:2397-410. doi:10.1056/
NEJMoal910708

Samandari T, Agizew TB, Nyirenda S, et al. 6-month versus 36-month isoniazid
preventive treatment for tuberculosis in adults with HIV infection in Botswana: a

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

randomised, double-blind, placebo-controlled trial. Lancet 2011; 377:1588-98.
doi:10.1016/S0140-6736(11)60204-3

Martinson NA, Barnes GL, Moulton LH, et al. New regimens to prevent tubercu-
losis in adults with HIV infection. N Engl ] Med 2011; 365:11-20. doi:10.1056/
NEJMoal005136

Quigley MA, Mwinga A, Hosp M, et al. Long-term effect of preventive therapy for
tuberculosis in a cohort of HIV-infected Zambian adults. AIDS 2001; 15:215-22.
doi:10.1097/00002030-200101260-00011

Badje A, Moh R, Gabillard D, et al. Effect of isoniazid preventive therapy on risk of
death in west African, HIV-infected adults with high CD4 cell counts: long-term
follow-up of the Temprano ANRS 12136 trial. Lancet Glob Heal 2017; 5:e1080-9.
doi:10.1016/52214-109X(17)30372-8

Golub JE, Cohn S, Saraceni V, et al. Long-term protection from isoniazid preven-
tive therapy for tuberculosis in HIV-infected patients in a medium-burden tuber-
culosis setting: the TB/HIV in Rio (THRio) study. Clin Infect Dis 2015; 60:
639-45. d0i:10.1093/cid/ciu849

Shayo GA, Moshiro C, Aboud S, Bakari M, Mugusi FM. Acceptability and adher-
ence to isoniazid preventive therapy in HIV-infected patients clinically screened
for latent tuberculosis in Dar es Salaam, Tanzania. BMC Infect Dis 2015; 15:1-8.
doi:10.1186/512879-015-1085-7

Ousley J, Soe KP, Kyaw NTT, et al. IPT during HIV treatment in Myanmar: high
rates of coverage, completion and drug adherence. Public Heal Action 2018; 8:
20-4. doi:10.5588/pha.17.0087

Durovni B, Cavalcante SC, Saraceni V, et al. The implementation of isoniazid pre-
ventive therapy in HIV clinics: the experience from the TB/HIV in Rio (THRio)
study. AIDS 2010; 24:549-56. doi:10.1097/01.aids.0000391022.95412.a6
Sensalire S, Nkolo EKK, Nabwire J, et al. A prospective cohort study of outcomes
for isoniazid prevention therapy: a nested study from a national QI collaborative
in Uganda. AIDS Res Ther 2020; 17:1-8. doi:10.1186/s12981-020-00285-0
World Health Organization. Global tuberculosis report 2015. Available at: https:/
apps.who.int/iris/handle/10665/191102. Accessed 15 May 2022.

Adams LV, Talbot EA, Odato K, Blunt H, Steingart KR. Interventions to improve
delivery of isoniazid preventive therapy: an overview of systematic reviews. BMC
Infect Dis 2014; 14:1-10. doi:10.1186/1471-2334-14-281

Holzman SB, Atre S, Sahasrabudhe T, et al. Use of smartphone-based video di-
rectly observed therapy (vDOT) in tuberculosis care: single-arm, prospective fea-
sibility study. JMIR Form Res 2019; 3:e13411. doi:10.2196/13411

Sekandi JN, Buregyeya E, Zalwango S, et al. Video directly observed therapy for
supporting and monitoring adherence to tuberculosis treatment in Uganda: a pi-
lot cohort study. ER] Open Res 2020; 6:00175-02019. doi:10.1183/23120541.
00175-2019

Harries AD, Kumar A, Satyanarayana S, et al. The growing importance of tuber-
culosis preventive therapy and how research and innovation can enhance its im-
plementation on the ground. Trop Med Infect Dis 2020; 5:61. doi:10.3390/
tropicalmed5020061

IPT vs Empiric TB Treatment in Advanced HIV « OFID « 9


https://doi.org/10.1002/14651858.CD000171.pub3
https://doi.org/10.1016/S2352-3018(20)30299-X
https://doi.org/10.1016/S2352-3018(20)30299-X
https://apps.who.int/iris/handle/10665/260233
https://apps.who.int/iris/handle/10665/260233
https://doi.org/10.5588/ijtld.13.0889
https://doi.org/10.1186/s12889-019-7652-x
https://doi.org/10.1186/s12889-020-09902-z
https://doi.org/10.1371/journal.pone.0223076
https://doi.org/10.1016/S0140-6736(16)00546-8
https://doi.org/10.1093/cid/ciab179
https://www.frontierscience.org/apps/cfmx/apps/common/QOLAdherenceForms/resources/actg/forms/english/ql0757.pdf
https://www.frontierscience.org/apps/cfmx/apps/common/QOLAdherenceForms/resources/actg/forms/english/ql0757.pdf
https://www.frontierscience.org/apps/cfmx/apps/common/QOLAdherenceForms/resources/actg/forms/english/ql0757.pdf
https://doi.org/10.1056/NEJMe2009679
https://doi.org/10.1016/S2352-3018(19)30266-8
https://doi.org/10.1016/S2352-3018(19)30266-8
https://doi.org/10.1056/NEJMoa1910708
https://doi.org/10.1056/NEJMoa1910708
https://doi.org/10.1016/S0140-6736(11)60204-3
https://doi.org/10.1056/NEJMoa1005136
https://doi.org/10.1056/NEJMoa1005136
https://doi.org/10.1097/00002030-200101260-00011
https://doi.org/10.1016/S2214-109X(17)30372-8
https://doi.org/10.1093/cid/ciu849
https://doi.org/10.1186/s12879-015-1085-7
https://doi.org/10.5588/pha.17.0087
https://doi.org/10.1097/01.aids.0000391022.95412.a6
https://doi.org/10.1186/s12981-020-00285-0
https://apps.who.int/iris/handle/10665/191102
https://apps.who.int/iris/handle/10665/191102
https://doi.org/10.1186/1471-2334-14-281
https://doi.org/10.2196/13411
https://doi.org/10.1183/23120541.00175-2019
https://doi.org/10.1183/23120541.00175-2019
https://doi.org/10.3390/tropicalmed5020061
https://doi.org/10.3390/tropicalmed5020061

	Isoniazid Adherence Reduces Mortality and Incident Tuberculosis at 96 Weeks Among Adults Initiating Antiretroviral Therapy With Advanced Human Immunodeficiency Virus in Multiple High-Burden Settings
	METHODS
	Procedures
	Patient Consent Statement
	Outcomes
	Statistical Analysis

	RESULTS
	Primary Endpoints
	Adherence to Tuberculosis and Antiretroviral Therapy Medications

	DISCUSSION
	CONCLUSIONS
	Supplementary Data
	Acknowledgments
	References





Accessibility Report





		Filename: 

		ofac325.pdf









		Report created by: 

		lll



		Organization: 

		







 [Personal and organization information from the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 3



		Passed manually: 0



		Failed manually: 0



		Skipped: 1



		Passed: 28



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Needs manual check		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Needs manual check		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Needs manual check		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



