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Abstract

This open-label randomized trial compared isoniazid (9 months) to rifampin (4 months) on
toxicity and completion in a jailed population with latent tuberculosis infection. Rifampin resulted
in fewer elevated liver function tests (risk ratio [RR] 0.39, 95% confidence interval [CI] [0.18,
0.86]) and less toxicity requiring medication withdrawal (RR 0.51, 95% CI [0.13, 2.01]), although
one participant receiving rifampin experienced an allergic reaction. Completion was achieved for
33% receiving rifampin compared to 26% receiving isoniazid (p = .10). With careful monitoring
rifampin is a safe and less toxic regimen and appears to be a reasonable alternative because of its
shorter duration, allowing more people to complete treatment behind bars. Therapy completion in
released inmates is unacceptably low and ensuring follow-up after discharge must be part of a
decision to treat.
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Treatment of latent tuberculosis infection (LTBI) is a critical strategy for TB control in the
United States (American Thoracic Society, 2000). Incarcerated persons have risk factors for
LTBI and progression to disease (White, Tulsky, Menendez, Goldenson, & Kawamura,
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2005), coming from racial/ethnic minority groups (Minton & Sabol, 2009; Sabol & Minton,
2008) and low-income, homeless, and mentally ill populations (American Thoracic Society,
2000; Barnes et al., 1996; Greenberg & Rosenheck, 2008) and having high rates of injection
drug use associated with HIV infection (Maruschak, 2004) and limited health care access
(Wilper et al., 2009). But treatment has not been successful in jails because inmates often
are released before completion, and characteristics associated with incarceration are also
associated with low rates of follow-up in the community (White et al., 2002). Success in this
strategy has been an elusive goal and remains an important public health issue (Glaser &
Greifinger, 1993; White et al., 2005).

Isoniazid (INH) has been the mainstay of treatment for LTBI, but the recommended 9-
month regimen has been limited by poor adherence, even among nonincarcerated
individuals (Horsburgh et al., 2010; Shieh et al., 2006; Sterling, 2008), and concerns about
hepatotoxicity (Fountain, Tolley, Chrisman, & Self, 2005; Nolan, Goldberg, & Buskin,
1999). An alternative, rifampin (RIF) for 4 months (American Thoracic Society, 2000), has
shown promising results (Fountain, Tolley, Jacobs, & Self, 2009; Lardizabal, Passannante,
Kojakali, Hayden, & Reichman, 2006; Menzies et al., 2004, 2008; Page et al., 2006; Young,
Wessolossky, Ellis, Kaminski, & Daly, 2009; Ziakas & Mylonakis, 2009). But to date there
have been no studies in a jailed population. We report here the results of a randomized trial
to test the toxicity and treatment outcomes of INH compared to RIF in a jailed population.

Design, Setting, and Sample

This open-label, randomized trial compared two medications for LTBI (American Thoracic
Society, 2000): INH, which is widely accepted, and RIF, which has less evidence of efficacy
and although acceptable, is not currently the preferred treatment (Centers for Disease
Control and Prevention, 2006). The sample included inmates in the San Francisco City and
County Jail diagnosed with LTBI at jail entry. Excluded were inmates with history of
treatment-limiting reaction to INH or rifamycins, pregnancy or breast-feeding, aspartate
aminotransferase (AST) or alanine aminotransferase (ALT) > 3 times the upper limit of
normal (ULN), bilirubin > 2 times ULN, platelets < 150 K/mms3, or taking protease
inhibitors or nonnucleoside reverse transcriptase inhibitors. Also excluded were those not
speaking English or Spanish, not in the routine level of jail security, or unable or unwilling
to consent, some because of known transfer or imminent deportation. Sample size was
determined to be 360 based on the toxicity rates for INH and RIF (Menzies et al., 2004)
while accounting for loss from deportation or transfer to prison (White et al., 2002). Figure 1
shows participants consented and enrolled between November 30, 2004, and September 24,
2007, and followed through withdrawal, completion, or loss to follow-up.

Study Treatment Groups

INH (900 mg) was administered twice weekly in a 9-month regimen for a total of 76 doses
that could be given over 12 months. Any participant off treatment < 1 month in the first 3
months had the regimen extended by the number of missed doses. If off treatment for > 1
month in the first 3 months, the regimen was restarted. RIF (600 mg) was administered once
per day in a 4-month regimen for a total of 120 doses that could be given over 6 months. If a
participant missed a dose, medication was extended by the doses missed. Up to 2 weeks of
missed doses could be added to the regimen; if a participant missed > 2 weeks, medication
was restarted.

Treatment began in jail, by directly observed therapy (DOT). After release, field workers at
the San Francisco County TB clinic gave medication by DOT using clinic protocols,
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including incentives (lunch, restaurant coupon, and bus token) and a case management team
throughout the course. If a released participant failed to come to clinic within 1 week, field
workers attempted contact by visits to places or person/persons identified at baseline.
Reincarcerated participants were continued on treatment, but if lost to follow-up restarted
twice, allowing a maximum of three regimen attempts, per jail protocol.

Study Procedures

Measures

All participants had symptom reviews every 2 weeks for the first 6 weeks for possible drug
toxicity including hepatitis, peripheral neuropathy, arthralgia, rash, memory loss, and other
clinical symptoms. Subsequent reviews were 3- and 6-month reviews (INH) and 2-week
reviews (RIF), resulting in the same number for each. Liver function tests (LFTs) were
drawn at 4, 8, 12, 16, and 32 weeks (INH) and 2, 4, 8, 12, and 16 weeks (RIF).

Baseline interviews included sociodemographic and health information. Previous treatment
and incarcerations came from jail records. Baseline laboratory data included hepatitis BsAg
and hepatitis C antibody testing.

Adverse events were recorded from LFTs and symptom reviews. In jail, many participants
went to “sick call” for many reasons; all were collected and evaluated by study personnel for
their relatedness to the study medication.

Data Analysis

Baseline data were compared to evaluate equivalence of study groups, using chi-square or
Fisher’s exact tests for categorical data and ¢tests for continuous data. Analyses of toxicity
and adherence were by chi-square with risk ratios (RRs) and 95% confidence intervals (Cl).

Toxicity was measured by counting adverse laboratory or clinical events related to study
medication and the timing of the first event in relation to doses received. Because
participants could begin medication with LFTs up to 3 times ULN (Grade 1), new adverse
events were a change from normal to 1.25 to 3.0 times ULN, or a change from up to 3 times
ULN to > 3 times ULN (Grade 2 or higher). Although we measured any changes in LFTSs,
we examined and presented separately those whose LFTs represented clinically significant
hepatotoxity (> 3 times ULN). Adverse events also included new clinical symptoms
possibly, probably, or certainly related to the medication. Each occurrence of a new
symptom and change in lab result counted independently as one event. Toxicity was also
measured as the decision to withhold the medication, defined as LFT > 5.0 times ULN
(Grade 3 or higher) or clinical judgment of jail or TB clinic physicians. The last regimen
was used for the analysis if participants were restarted.

Adherence was measured by number of doses, from the last regimen, with completion as 76
doses in 12 months (INH) and 120 doses in 6 months (RIF). Therapy length was days
between first and last dose in the final regimen. We believed adherence was dependent on
participants remaining in jail, and because RIF therapy was shorter, dependent on study
medication; remaining in jail virtually guaranteed completion. To evaluate adherence among
those released and thus allowed to fail, participants were further divided into remained in jail
(Jail), released (Community), and deported or sent to prison (Deported/Transferred). A
survival analysis compared adherence by study group, stratified by these subgroups to allow
for direct comparisons among released inmates, with time to non-adherence (withdrawal) as
the outcome and observations censored after completion.
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Analyses were performed using SAS 9.1 (SAS Institute, Cary, North Carolina) with a = .05
for determining statistical significance. The protocol was approved by the Institutional
Review Board of the University of California, San Francisco, California.

Analysis of those who were consented and interviewed but then released, refused, or had
elevated LFTs before randomization showed no differences in any sociodemographic or
medical variables compared to those randomized to study group. Baseline characteristics
(Table 1) and laboratory values did not differ by study group. Overall, 30 (8%) were positive
for hepatitis C and 4 (1%) were positive for chronic hepatitis B.

Among INH participants, 34% experienced = 1 adverse events compared to 27% taking RIF
(ns). The proportion experiencing > 1 event was higher among INH participants than RIF
participants (12% vs. 7%). A total of 161 adverse events were recorded for the 111
participants experiencing > 1 event.

Twenty-nine (11.4%, 21 INH participants and 4.4%, 8 RIF participants) had = 1 elevated
LFTs (p=.18) when considering all LFT elevations. None with elevated LFTs was positive
for hepatitis B; 2 each from the 21 INH participants and the 8 RIF participants were positive
for hepatitis C. Of the 21 INH participants with elevated LFTs, two had two separate events
and three had three separate events; none of the 8 RIF participants had > 1 LFT elevation.

Of those with elevated LFTs, 10 participants on INH and 2 on RIF had elevations > 3 times
ULN. As this population has high rates of substance abuse, we examined whether testing in
jail or the community accounted for differences seen. But it appears that location of testing,
and the influence of community access to alcohol, did not account for differences between
groups (Table 2).

Clinical symptoms are presented in Table 3. For INH, 2 participants (1%) experienced
elevated LFTs combined with gastrointestinal (GI) symptoms, 19 (10%) experienced
elevated LFTs without GI symptoms, and 163 (89%) had no elevated LFTs. By contrast, for
RIF, 1 participant (0.6%) had elevated LFT with GI symptoms, 7 (4%) had elevated LFTs
alone, and 172 (96%) had no elevated LFTs. RIF participants had a lower risk of elevated
LFTs (RR 0.39, 95% CI [0.18, 0.86] p < .05) as compared to INH participants. Use of RIF
also resulted in lower risk of elevated LFTs combined with GI symptoms (RR 0.51), but this
was not statistically significant (o> .6).

Nine participants experienced 10 adverse events of Grade 3 or higher or clinically were
found to need their medication withheld (Table 4). Six (3.3%) INH participants experienced
seven such events, while three (1.7%) RIF participants each experienced one event. Of the 7
who experienced elevated LFTs, only one had AST of 92 at study start; the remainder had
LFTs within normal limits at baseline. Use of RIF resulted in half the likelihood of toxicity
requiring medication withdrawal (RR 0.51, 95% CI [0.13, 2.01]), but true rates of toxicity
resulting in permanent medication stoppage are unknown because of loss to follow-up in
four of the nine participants. One RIF participant experienced an allergic reaction,
characterized by shortness of breath, oxygen saturation of 85, and pruritic diffuse rash that
resolved after administration of oxygen, antihistamine, and epinephrine.

Overall, 107 of 364 completed therapy, 26% (47 of 184) of INH participants and 33% (60 of
180) of RIF participants (p = .10). Survival analysis evaluating time to nonadherence is
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shown in Figure 2, stratified by disposition: The top two curves represent those remaining in
jail for the duration of therapy (79% completed in INH group, 83% in RIF group); the
bottom two curves represent those deported or transferred to another facility, none of whom
by definition completed therapy; and the middle two curves represent those released while
still taking medication (44% completed in INH group, 51% in RIF group). As expected
because of its shorter duration, a higher proportion of RIF participants completed treatment
both inside and outside of jail compared to INH participants, although neither was
statistically different (p=.72 and p = .49, respectively). Treatment completion excluding
deported/transferred participants produced results in the same direction as results for the
total sample, as the proportion deported/transferred was similar for both groups.

Discussion

This is the first study to compare INH and RIF in a jail setting. Jail medical providers are
often not linked to community providers, and therapy is complicated by inmate
characteristics, recidivism, and fragmented care. The high rate of refusal among this
population may be an indication of another difficulty in treating these patients, mistrust of
health care in the jail setting (Maruschak, 2006; Wang, Tulsky, & White, 2007; White,
Tulsky, Estes, Jamison, & Long, 2008). Although the study is limited by its open label, our
purpose was to examine these medications in the usual care of an urban jail. Therefore, the
study demonstrates low completion rates not because of the regimens themselves but
because of the difficulties in coordinating care for patients who are transferred among
institutions and at risk of deportation.

Overall adverse event rates were not statistically different by study drug, but participants
taking INH were 2.57 times as likely to experience elevated LFTs (95% CI [1.17, 5.65], p
<.05). Elevated LFTs combined with GI symptoms occurred slightly more often but still
infrequently in the INH group (1%) as compared to the RIF group (0.6%; p> .6). INH is
mostly well tolerated but up to 5% report side effects, most commonly hepatitis, rash, and
Gl upset. Hepatotoxicity, the most serious side effect, is associated with fatal and near-fatal
liver failure, although transient asymptomatic AST elevations occur in 10% to 20% and
represent hepatic adaptation (Centers for Disease Control and Prevention, 1993; Saukkonen
et al., 2006). AST elevations in treatment studies have ranged from 0.1% to 0.6% in large
reviews to 1% to 4% in smaller studies (Saukkonen et al., 2006).

In one study of RIF for 3 months, none developed hepatitis and none had ALT elevations
compared with INH (Hong Kong Chest Service, 1992). Three chart reviews found similar
results comparing INH with RIF among nonincarcerated patients. One concluded that RIF
was no different from INH in symptomatic adverse events, but INH patients were more
likely to experience neuropathy (4.5%vs. 0%) and symptomatic ALT elevations (Young et
al., 2009). In another, adverse reactions resulting in permanent medication discontinuation
occurred in 4.6% of INH patients compared to 1.9% of RIF patients (Page et al., 2006). And
in the third, more reactions were observed for INH (5.8%) than for RIF (3.1%), but findings
were not statistically significant (Lardizabal et al., 2006). In a randomized trial, Menzies and
colleagues (2008) described adverse events resulting in permanent discontinuation in 14% of
INH patients, compared to 3% of RIF patients, and drug-induced hepatitis only among INH
patients. Our findings for elevated LFTs combined with Gl symptoms were considerably
lower, which may be explained by the young age of the sample or the high loss to follow-up.
A recent meta-analysis demonstrated a reduced risk of hepatotoxicity leading to drug
discontinuation for RIF (range 0% to 0.7%) compared to INH (range 1.4% to 5.2%; Ziakas
& Mylonakis, 2009). Our findings for all events leading to drug discontinuation are in the
same direction and point to the same conclusion. The notable exception is the allergic
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reaction observed in one RIF participant, an event that is rare (Martinez, Collazos, & Mayo,
1999) but of concern.

Therapy completion was better for RIF than INH, but not statistically significant. Of concern
is the fact that nearly half the participants started on either INH or RIF were lost to follow-
up by transfer to another facility or deportation. We had no way to obtain data for these
participants and assumed none in either group continued or completed, but acknowledge that
their inclusion may have changed our findings. In studies of free populations, 80% versus
53% (Lardizabal et al., 2006), 91% versus 77% (Young et al., 2009), and 91% versus 76%
(Menzies et al., 2008) completed RIF and INH therapy, respectively, more than twice the
completion of either drug in our study. Our findings among those who remained in jail (83%
for RIF and 79% for INH) were closer to the findings of these other researchers.
Horsburgh’s analysis demonstrated 45% INH and 69% RIF completion including public
clinics with high-risk populations (Horsburgh et al., 2010); these rates are closer to our 44%
and 51% rates, respectively, among the released. DOT for high-risk groups, including
released inmates, is usual care at the San Francisco TB clinic, and has improved completion
compared to self-administered therapy (White, Gournis, Kawamura, Menendez, & Tulsky,
2003). But this may not be common practice elsewhere, and completion rates for either drug
would be expected to be lower when self-administration is employed.

Conclusions

With careful monitoring, RIF is a safe and less toxic regimen, requiring fewer clinical visits
because of fewer side effects. RIF’s shorter duration allows more to complete inside jail and
fewer DOT visits after release. RIF has been suggested as a better alternative because of
increasing levels of INH resistance among new immigrants (Reichman, Lardizabal, &
Hayden, 2004), an important issue for urban jails with a high proportion of foreign-born
inmates. Further work should demonstrate rates of progression to active TB, which was high
in jail inmates (White et al., 2005); this study lacks efficacy data. It remains premature to
recommend RIF until the relative efficacy and effectiveness compared to INH are known,
but it is a suitable alternative, in particular when the patient is likely to be in the facility for
the duration of therapy.

Completion with either regimen after jail release is unacceptably low, despite dedicated
outreach and state-of-the-art case management. We suggest that starting LTBI treatment in a
correctional setting should be discouraged unless the confinement term is known and
treatment can be achieved, or there are other compelling individual or public health reasons,
such as TB exposure during incarceration, severely compromised immune status, or multiple
risk factors for disease progression. Ensuring follow-up after release should be part of a
decision to treat, and research is crucial to identify discharge planning methods that are
effective. Those about to be deported should be given information about how to obtain
proper treatment in their home country. The shorter course of RIF combined with close
monitoring and the 24-hour availability of care inside the correctional facility can both
assure detection of side effects and improve completion rates in this high-risk population.
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Consecutive inmates with
LTBI
(n="1775)

Consented participants

(n=416)
Not randomized (n = 52)
AST or ALT > 3x ULN
(n=20)
Released (n = 30)
Refused (n =2)
Randomized
(n=364)

Ineligible or not consented (n =

359)

Housed in special security (n = 23)
Already treated for LTBI (n = 8)
Unable to communicate in English
or Spanish (n=9)

Unable to understand consent (n = 4)
Less than 18 years old (n = 3)
Pregnant (n=1)

Released before approach (n = 78)
Refused medication (7 = 186)
Refused study participation (n = 47)

(n=184)

Allocated to isoniazid

Allocated to rifampin

(n = 180)
|

Completed
regimen (n = 47)

Did not complete
regimen (n = 137)

Completed
regimen (n = 60)

Did not complete
regimen (n = 120)

Jail only (n=15)
Community (n = 32)

Lost/withdrawn (n = 44)
Deported/Transferred (n = 93)

Jail only (n = 30)
Community (z =30) || Deported/Transferred (n = 85)

Lost/withdrawln (n=133)

Stopped by physician (7 = 2)

Figure 1.

Flow diagram of the study population.
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Figure2.

Completion of therapy by study group and disposition: product-limit survival function
estimates of treatment completion. 1 = INH participants who never left jail (Jail); 2 = RIF
participants who never left jail (Jail); 3 = INH participants released on medication
(Community); 4 = RIF participants released on medication (Community); 5 = INH
participants deported or delivered to another correctional facility (Deported/Transferred); 6
= RIF participants deported or delivered to another correctional facility (Deported/
Transferred); + Censored observation (medication completion). INH = isoniazid; RIF =

rifampin.
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Table 4
Line Listing of 9 Participants Experiencing 10 Events Requiring Medication to Be Held or Stopped by Study
Group
Time Since
Study Group  Event Description Grade® Start of Regimen  Final Study Status
INH LFT elevation 3 8 weeks  Participant withdrew soon after elevation
INH LFT elevation 3 32 weeks  Medication resumed and completed
INH LFT elevation 3 4 weeks  Medication resumed and completed
INH LFT elevation 3 16 weeks  Medication resumed but participant transferred to another jail, not
completed
INH LFT elevation 3 8 weeks  Medication resumed but participant transferred to another jail after
. second elevation, not completed
LFT elevation 3 16 weeks
INH Allergic reaction 3 8 weeks  Medication resumed but participant withdrew from study, not
completed
RIF LFT elevation 4 4 weeks  Medication stopped
RIF LFT elevation 3 12 weeks  Medication resumed and completed
RIF Nausea and vomiting 2 3weeks Medication stopped

Note. INH = isoniazid; RIF = rifampin; LFT = liver function test; AST = aspartate aminotransferase; ALT = alanine aminotransferase.

aGrade 3 for LFTs was AST or ALT >5.0-10.0 times ULN.
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