ORIGINAL INVESTIGATION

Preventive Therapy for Tuberculosis

in HIV-Infected Persons

Analysis of Policy Options Based on Tuberculin Status and CD4* Cell Count

Holger Sawert, MD, MPH; Enrico Girardi, MD; Giorgio Antonucci, MD; Mario C. Raviglione, MD;
Pierluigi Viale, MD; Giuseppe Ippolito, MD; for the Gruppo Italiano di Studio Tubercolosi e AIDS (GISTA)

Background: To facilitate decisions about the possible
implementation of isoniazid preventive therapy (IPT) for
human immunodeficiency virus (HIV)-infected per-
sons on a large scale, the benefits and associated costs of
various policy options of IPT should be evaluated.

Methods: Variable values based mainly on a prospec-
tive cohort study performed in Italy were used in an epi-
demiological model to assess the effects of the adminis-
tration of IPT to the following groups of HIV-infected
individuals: (1) tuberculin positive; (2) anergic, with vari-
ous levels of immunosuppression; and (3) all HIV-
infected individuals. The calculations of the costs asso-
ciated with each policy option were based on the situation
within the Italian national health care system. Outcome
measures were average cohort survival times, total quality-
adjusted life years lived in the cohort, total economic costs,
and marginal costs per marginal quality-adjusted life year
saved for each policy option.

Results: Median life expectancy gains from IPT were

104 to 149 days for tuberculin-positive individuals
and 19 to 27 days for anergic patients. The largest
gains were achieved for individuals with the lowest
levels of immunosuppression. For tuberculin-positive
individuals, savings from a reduced number of active
tuberculosis cases were greater than the costs of the
intervention, even for low patient compliance levels.
Preventive therapy for anergic persons can result in
cost reductions at levels of tuberculosis infection of
15% or higher for a compliance level of at least 95%.
For infection levels of less than 10%, cost-effectiveness
ratios are unfavorable.

Conclusions: Isoniazid preventive therapy adminis-
tered to tuberculin-positive, HIV-infected patients in-
creases life expectancies and reduces medical costs. Its
extension to anergic patients may be justifiable on eco-
nomic grounds in populations with a high prevalence of
tuberculosis infection.
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UBERCULOSIS 1S an ex-

tremely important infec-

tious disease, causing an es-

timated 3 million deaths

worldwide each year.! The
disease has reemerged as a relevant pub-
lic health issue also in several industrial-
ized countries during the past decade.
This resurgence has been attributed in
part to the spread of human immunode-
ficiency virus (HIV).! In fact, HIV-
infected persons have a greatly increased
risk of developing active tuberculosis as
a consequence of reactivation of a latent
tuberculosis infection or because of rapid
progression to clinically overt disease of
a newly acquired infection.*? Active
tuberculosis may boost HIV replication
in vivo,* and results of recent empirical
studies show significant increases in
mortality from tuberculosis in HIV-
infected individuals with advanced
immunosuppression and in patients with
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acquired immunodeficiency syndrome.””
These observations establish a potential
role for isoniazid preventive therapy
(IPT) to prolong survival after HIV
infection.

Itis well established that IPT signifi-
cantly reduces the risk of active disease in
patients with latent tuberculosis infec-
tion.® Evidence from observational stud-
ies and clinical trials suggests that this ef-
fectalso occurs in tuberculin-positive HIV-
infected individuals.®'* With respect to the
overall survival of tuberculin-positive HIV-
infected individuals, the effect of IPT was
not statistically significant in some clini-
cal trials,'®!>'* but the results of 1 trial®
show a significant prolongation of sur-
vival times. A small, nonsignificant reduc-
tion in the incidence of tuberculosis among
anergic HIV-infected patients undergo-
ing IPT has been observed in 2 recent clini-
cal trials.'*"> Results of these studies also
show no life expectancy gain.

©1998 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Universita degli di Milano User on 03/23/2021



PATIENTS AND METHODS

EPIDEMIOLOGICAL MODEL

We constructed a model to analyze outcomes and costs of
various policies for IPT in a hypothetical cohort of 100 000
HIV-infected adults for 10 years. The cohort was initially
stratified into 3 groups with different CD4* cell counts
(>0.35 X 10%L,0.35-0.20 X 10%L, and <0.20 X 10%/L). Each
of these groups was further classified as purified protein de-
rivative (PPD) positive (tuberculin positive), PPD negative
(tuberculin negative [nonanergic], ie, reactive on skin tests
to at least 1 recall antigen other than PPD), or anergic. These
9 groups were defined on the basis of data from a prospec-
tive study®* performed in Italy (Gruppo Italiano di Studio
Tubercolosi e AIDS [GISTA] study) in which different risks
of developing active tuberculosis were identified for each com-
bination of response to skin tests and CD4* cell count. The
distribution of HIV-infected patients in different groups was
based on empirical data collected at enrollment in this pro-
spective study. Uncertainty ranges were established for pos-
sible levels of tuberculosis infection in tuberculin-positive
and tuberculin-negative, nonanergic cohort members to ac-
count for the diagnostic limitations of the PPD skin test. Re-
sults of the GISTA study* show a level of PPD positivity of
19% in the nonanergic population (ie, tuberculin positive
and tuberculin negative, nonanergic). Taking into account
the technical difficulties in interpreting results of anergy skin
testing,'® we used 20% prevalence of infection as the high-
est tuberculosis infection prevalence and 0% as a lower bound
estimate. The complete initial stratification of the cohort and
all uncertainty ranges are shown in Table 1.

A decision tree was used to analyze the effects of IPT
on each of the 9 groups in the cohort (Figure 1). We mod-
eled the effect of IPT as a reduction of the level of tuber-
culosis infection in groups receiving therapy. Noncompli-
ance was assumed to be equivalent to not receiving IPT (ie,
we assumed no efficacy of the intervention and no adverse
effects). Isoniazid preventive therapy induces a certain risk
of hepatitis.”** The efficacy of IPT after hepatitis in com-
pliant persons in the model was reduced to 25% of a full
course of therapy, assuming that hepatitis would occur, on
average, during the third month of therapy.?® Ranges of es-
timates for IPT efficacy, IPT-induced hepatitis, and death
from hepatitis were derived from published data?*? (Table
1). The output of this decision tree is a new distribution of
tuberculosis-infected and tuberculosis-uninfected cohort
members in the 3 groups with different CD4* cell counts
and the number of deaths from IPT-induced hepatitis.

Projections of further epidemiological developments
for each group in the cohort were simulated with the Markov
chain model*” shown in Figure 2. The model uses yearly
probabilities for the indicated movements between vari-
ous epidemiological states. This time step was assumed to
be of sufficient length to accommodate epidemiological-
processes of long duration, such as the development,

detection, and treatment of active tuberculosis cases. Af-
ter the yearly movements, cohort members in each group
are in 1 of the following stages: dead, tuberculosis unin-
fected, tuberculosis infected (previous infection), tuber-
culosis infected (new infection), or active tuberculosis. For
the next yearly simulation step, patients are assigned to the
matching initial stage of the Markov model, accounting for
the probability of moving to a stage with a lower CD4"* cell
count. Most of the transfer probabilities within the Markov
model were based on empirical observations from the 3-
year follow-up data of the GISTA study.?* Point estimates
and 95% confidence intervals for cumulative transition prob-
abilities were calculated using the Kaplan-Meier method.
For the remaining transfer probabilities, ranges of values
were derived from published data (Table 1).

UNCERTAINTY ANALYSIS AND POLICY OPTIONS

For model uncertainty analyses, we defined each variable
derived from empirical observation in the Italian prospec-
tive study®* as a triangular probability distribution, where
the point estimate was given the highest probability of be-
ing sampled. Uniform distributions were used for the re-
maining variables. Each analysis was based on 500 model
simulations during which all variable distributions were
sampled independently and simultaneously. Sampling was
performed using the Latin Hypercube technique® to en-
sure that each variable was sampled across the complete
range of the probability distribution.

The following analytic steps were performed to determine
the potential effect of IPT in the cohort. First, we simulated
the expected epidemiological development of cohorts with vari-
ousinitial CD4* cell counts (>0.35 X 10%L, 0.35-0.20 X 10%
L,and <0.20 X 10%L) and a CD4* cell count distribution as
observed in the GISTA study.? For the latter, we determined
the median of the resulting 500 values of potential life expect-
ancies and used the associated variable combination to estab-
lish the potential effects of IPT for individuals with various lev-
els of immunosuppression and PPD and anergy status. This
analysis accounted for the uncertainty about rates of hepati-
tis, death from hepatitis, and IPT efficacy (Table 1). The vari-
able combination was further used to establish the effects of
the following policy options for IPT: (1) IPT for tuberculin-
positive cohort members only; (2a) IPT for tuberculin-positive
cohort members and anergic cohort members with CD4* cell
countslower than 0.20 X 10%L; (2b) IPT for tuberculin-positive
cohort members and anergic cohort members with CD4* cell
countslower than 0.35 X 10%L; (2¢) IPT for tuberculin-positive
cohort members and all anergic cohort members; and (3) IPT
forall HIV-infected cohort members regardless of PPD status.

The effects of the various policies were analyzed in a
stepwise fashion, indicating the marginal gains from suc-
cessively broader applications of IPT. We assumed a base-
line value of 75% compliance among cohort members for
preventive therapy scenarios and varied the rates for IPT

Continued on next page

Different policies for the use of IPT as a routine in-
tervention for HIV-infected persons have been pro-
posed. National and international public health agen-
cies agree about giving IPT to tuberculin-positive HIV-
infected individuals. In contrast, whether to give IPT to
anergic HIV-infected individuals remains contentious. In

1991, the Centers for Disease Control and Prevention
(CDC) recommended considering IPT for anergic per-
sons from groups in which the prevalence of tuberculo-
sis infection is 10% or more.*® According to the British
Thoracic Society, anergic individuals should receive IPT
if they are at high risk of tuberculosis infection and have
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efficacy, isoniazid-induced hepatitis, and death from hepa-
titis across the ranges indicated in Table 1. For compari-
son of the effects of alternative policies for IPT, we ran the
model with a set of 500 variables, which were chosen by
simultaneous and independent sampling of all variables,
using the Latin Hypercube sampling method. The same set
of 500 variable combinations was used for all alternative
policy options, and the assessment of the incremental ef-
fect of each policy option was based on analyzing the dis-
tribution of the 500 differences in outcome values for model
runs with the same variable combinations. Following stan-
dard recommendations,” health outcomes from these analy-
ses were expressed as quality-adjusted life years (QALYs)
using medians of recently published quality-of-life adjust-
ment factors for the various levels of immunosuppression
in HIV infection.” Finally, we used the variable combina-
tion resulting in median QALY gains from policy 1 to ana-
lyze the effects of varying patient compliance rates from
5% to 100% for policy 1. Because the incremental effects
of policy 2¢ were also dependent on the levels of tubercu-
losis infection among anergic patients, we determined these
incremental gains for all possible combinations of compli-
ance rates from 5% to 100% and levels of tuberculosis in-
fection from 0% to 50%.

All calculations were performed with a spreadsheet pro-
gram (Lotus 1-2-3, Lotus Development Corp, Cambridge,
Mass).

COST ANALYSIS

Economic costs for most screening and treatment proce-
dures were estimated on the basis of an analysis recently
performed in Italy.’! For procedures for which an empiri-
cal cost analysis was unavailable, charges incurred within
the Italian National Health System were applied,*® in line
with recent recommendations for the conduct of cost-
effectiveness analyses.” We assumed that the decision about

IPT would be made for patients with known HIV status and

CD4* cell counts, and we did not account for costs to ob-

tain this information. All future costs and effects were dis-

counted at an annual rate of 3%.%

The following items were included in the cost calcu-

lations (Table 2):

e General screening. In policy 1, screening is offered to all
members of the cohort and consists of PPD skin testing
performed by the Mantoux procedure using 5 IU of PPD.
In policies 2a, 2b, and 2c, in addition to PPD skin test-
ing, anergy testing is performed using a 7-antigen mul-
tipuncture device. No skin testing is performed in policy
3 and in the “No-IPT” scenario.

e Specific screening for candidates to IPT. Irrespective of the
policy option considered, all candidates for IPT un-
dergo a clinical examination and chest radiography to
exclude the presence of active tuberculosis. In addition,
liver function tests (total and fractionated serum biliru-
bin, serum alanine aminotransferase, and aspartate ami-
notransferase) are performed.

e Preventive therapy. Preventive therapy consists of 300
mg of isoniazid administered daily for 1 year; in addi-
tion, pyridoxine hydrochloride is administered daily.
Patients undergoing IPT receive liver function tests
monthly during the first 3 months and every other
month thereafter.

e Treatment of adverse effects from IPT. We assumed that
90% of all patients with hepatitis are treated on an
ambulatory basis®; on average, 3 clinical visits are
made for each patient, during which liver function tests
are routinely performed. For the 10% of patients with
hepatitis who would require hospitalization, hospital
stay was assumed to be, on average, 7 days. Apart from
checking liver function, treatment usually consists of
clinical observation without specific interventions.

e Treatment of active tuberculosis. We assumed that all
HIV-infected cohort members with active tuberculosis
are hospitalized. On the basis of a retrospective clinical
chart review performed on HIV-infected patients with
tuberculosis admitted during 1995 in 7 clinical centers
in Italy, we assumed a median value of hospital stay of
30 days (G.A., unpublished observations, 1995). After
this period, patients continue treatment on an ambula-
tory basis. Cost of treatment was estimated by the room
costs per hospital day supplemented by the charges for
an average number of diagnostic and therapeutic proce-
dures derived from the above-mentioned survey.

Patients with active tuberculosis within the cohort will
infect people outside the cohort (either HIV or non-HIV
infected). To account for the associated costs, we used the
following assumptions: an untreated case of active tuber-
culosis would cause 10 new infections, and a treated case
would cause 2 new infections.> The proportion of these
new infections that would occur within the HIV-infected
population is unknown. To account for this uncertainty,
we used the assumption of homogeneous mixing and an
HIV prevalence of 0.2% within the general population®® as
a lower boundary estimate and a level of 20% new infec-
tions within the HIV-infected population (assuming more
heterogeneous mixing) as an upper limit. We assumed that
5% of non-HIV-infected persons who acquire a new tu-
berculosis infection would develop active disease over an
evaluation period of 10 years.”® Two studies?*?’ estab-
lished annual incidences of active disease after new infec-
tions in HIV-infected persons between 4.7% and 13.9%.
These values were used as boundaries for the uncertainty
analysis.

Two recent studies®* in Italy reported levels of mul-
tidrug-resistant (MDR) tuberculosis among HIV-infected
persons between 3.0% and 5.0%. We used these data to de-
fine an uncertainty range for the proportion of MDR cases
during model calculations. Cost data for MDR cases in Italy
are unavailable. However, results of a recent analysis™ from
the United States show that the costs for the treatment of
MDR tuberculosis exceed those for non-MDR cases by a
factor of 13.7. We used a factor of 10 as a conservative
estimate.

a CD4* cell count below 0.20 X 10%L." Difficulties in in-
terpreting anergy skin test results'® and the results of clini-
cal studies'*" recently prompted the CDC to revise their
previous guidelines, recommending IPT only for aner-
gic patients with an ongoing high risk for exposure to
Mycobacterium tuberculosis."

In an environment of increasing financial limita-
tions, rational health policymaking demands that the ex-
pected benefits of an intervention are related to its costs
before widespread implementation as a public health mea-
sure is recommended. A cost analysis for IPT needs to
take into account that additional costs for the program
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Table 1. Model Variables for Baseline Analysis*

Variable Point Estimate Range Sourcet
Initial Cohort Stratification
Distribution by CD4* cell count, X10%L, % Antonucci et al?
>0.35 38.0
0.35-0.20 23.6
<0.20 384 .
Distribution by delayed-type hypersensitivity Antonucci et al®?
status in CD4+ cell count strata, %
>0.35 X 109/L
Tuberculin positive 10.7
Tuberculin negative, nonanergic 51.1
Anergic 38.2
0.35-0.20 x 10%L
Tuberculin positive 8.8
Tuberculin negative, nonanergic 36.1
Anergic 55.1
<0.20 x 10%L
Tuberculin positive 3.0
Tuberculin negative, nonanergic 9.3
Anergic 87.7 ..
Prevalence of tuberculosis infection by Definition
delayed-type hypersensitivity status
Tuberculin positive L. 0.9-1
Tuberculin negative, nonanergic o 0.0-0.05
Anergic A 0-20
Efficacy and Adverse Effects of IPT
Compliance with IPT 75 .. Estimated
Efficacy of IPT . 85-95 Pape et al"® and Graham et al'’
IPT-induced hepatitis, % . 0.3-6.4 Salpeter,? Israel et al,* and Snider and Caras?
Efficacy of IPT after hepatitis 25 o International Union Against Tuberculosis
Committee on Prophylaxis?
Death from IPT-induced hepatitis, % . 0.06-8.7 Salpeter,? Israel et al,? and Snider and Caras?

Annual Transition Probabilities by CD4+ Cell Count
>0.35 X 10°%L

Active tuberculosis .02 .005-.08 Calculated
Death from active tuberculosis .25 .04-.87 Calculated
CD4+ cell count 0.35-0.20 X 10°%/L .22 .20-.25 Calculated
CD4* cell count <0.20 x 10%L .06 .05-.08 Calculated
Death from other causes .02 .01-.03 Calculated

0.35-0.20 x 10%/L
Active tuberculosis .08 .03-.20 Calculated
Death from active tuberculosis .25 .09-.59 Calculated
CD4+ cell count 0.35-0.20 x 10°%/L NA NA
CD4* cell count <0.20 X 10%/L .28 .24-.32 Calculated
Death from other causes .04 .02-.05 Calculated

<0.20 x 109/L
Active tuberculosis 12 .05-.30 Calculated
Death from active tuberculosis .36 .23-.53 Calculated
CD4+ cell count 0.35-0.20 x 10°%/L NA NA NA
CD4+ cell count <0.20 X 10%/L NA NA NA
Death from other causes .29 .26-.32 Calculated

Other Variables

Detection of active tuberculosis, % S 80-100 Estimated

Risk of new tuberculosis infection, % per year A 1.5-2.5 Estimated

Risk of tuberculosis after new infection, . 4.7-13.9 Antonucci et al*> and Markowitz et al*”
per 100 person-years

New tuberculosis infections generated by treated S 2-10 Styblo*
or untreated patients, No.

Prevalence of HIV among patients who acquire .. 0.2-20 Scalia-Tomba3
new tuberculosis infection outside the cohort, %

Multidrug-resistant tuberculosis, . 3.0-5.0 Girardi et al*® and Angarano et al*®

% of the overall tuberculosis

*IPT indicates isoniazid preventive therapy; HIV, human immunodeficiency virus; ellipses, point estimate or range not used in the model; and NA, not applicable.

tFor initial cohort stratification, enrollment data from a prospective study on risk of tuberculosis in HIV-infected patients carried out in Italy were used.?? Point
estimates and 95% confidence intervals for annual transition probabilities by CD4* cell count were derived from 3 years of follow-up data from the same study.??
For the remaining variables, point estimates or ranges of values were estimated or derived from published data.
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Figure 1. Decision model used to evaluate the effects of isoniazid preventive therapy (IPT) for tuberculosis (TB) in a cohort of individuals infected with human
immunodeficiency virus (HIV). The black square represents the decision point. According to different policy options, cohort members may or may not receive IPT.
The effect of IPT is modeled as a reduction of the level of TB coinfection in groups of patients receiving IPT. MARKOV represents a Markov chain model detailed in

Figure 2.
T T Table 2. Cost Estimat in the Analysis*
e able 2. Cost Estimates Used e Analysis
Procedure Cost, US $
General screening for all HIV-infected individuals
Tuberculin skin test 6.18
Skin test with other antigens 17.65
Total 23.83
Specific screening for all patients eligible for IPT
Chest radiography 52.94
ALT and AST 6.56
Serum bilirubin (total and fractionated) 5.81
Total 65.31
Preventive therapy for tuberculosis
1 clinical visit 52.94
Isoniazid 52.69
Pyridoxine hydrochloride 64.32
ALT and AST x7 45.92
Total 215.87
Figure 2. Markov chain model. Cohort members move between 3 levels of Treatment of active tuberculosis
immunosuppression, indicated by 3 CD4+ cell count levels (left side); within Hospital room cost for 30 d 323047
gach (eve/ of immunosuppression, persons Wl:l‘h or Withou{ tube(cu/asis (TB) Average diagnostic procedures 880.03
infection (TB and human immunodeficiency virus [HIV] coinfection or HIV) ’
have various probabilities of moving to different epidemiological states, Drugs 225.57
indicated by arrows (right side). All transitions are repeated annually. Total 4336.07
Treatment of adverse effects of IPT
3 clinical visits and 3 ALT and AST measurements 178.49
may be balanced by reduced costs for the care of pa- Hospital room cost for 7 d and 3 ALT 773.44
tients with active tuberculosis. Using simulation mod- LTSI SE S
. . . Average Totalt 237.99
els, results of 2 studies from Africa suggest that provid-

ing IPT to HIV-infected individuals may be justifiable on
economic grounds.”*?! However, no analysis has been per-
formed for this situation in high-income countries. In the
present study, we used cost data from Italy to assess the
cost-effectiveness of various IPT policies in this situa-
tion. A prospective cohort study on the incidence of tu-
berculosis among HIV-infected persons from Italy** pro-
vided variable values for model calculations to assess the
potential health gains from IPT.

— T

LIFE EXPECTANCY WITH DIFFERENT LEVELS
OF IMMUNOSUPPRESSION

We simulated life expectancy values for patients with 3
different initial levels of CD4* cell counts and for a

*All cost data are derived from Migliori et al*" and Ministero della Sanita.*
Costs were calculated in 1997 Italian lira and converted to US dollars at a
rate of $1 = Lit1700 for use in the analysis. HIV indicates human
immunodeficiency virus, IPT, isoniazid preventive therapy, ALT, serum
alanine aminotransferase; and AST, serum aspartate aminotransferase.

TThis figure is calculated assuming that 90% of patients with IPT-induced
hepatitis are treated on an ambulatory basis and that the remaining 10%
require hospitalization.

cohort with an initial distribution of CD4* cell counts as
observed in the Italian prospective study.** Median life
expectancies were 8.0 years for cohort members with
initial CD4* cell counts of greater than 0.35 X 10%/L, 5.6
years for those with CD4* cell counts between
0.35 X 10°/L and 0.20 X 10°L, and 2.8 years for those
with initial CD4* cell counts of less than 0.20 X 10/L.
For the total cohort, the median of all simulated life
expectancy values was 5.4 years. These results are in
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agreement with those of previous studies on the life
expectancy of HIV-infected persons** and confirm the
validity of the model calculations.

POTENTIAL LIFE EXPECTANCY GAINS FROM IPT

The potential effect of IPT for patients with various lev-
els of immunosuppression and PPD status is summa-
rized in Table 3. Results are based on the assumption
of 75% patient compliance. Uncertainty ranges indicate
the impact of various levels of adverse effects and IPT
efficacy shown in Table 1. Life expectancy gains are gen-
erally higher for tuberculin-positive patients compared
with anergic patients. In both groups, life expectancy gains
are more evident for cohort members with less ad-
vanced immunosuppression. Among anergic cohort mem-
bers, median life expectancy gains ranged from 6 to 9 days
in scenarios with a tuberculosis infection level of 5% and
from 23 to 33 days in scenarios with an infection level
of 20% according to different levels of immunosuppres-
sion. The provision of preventive therapy to tuberculin-
negative, nonanergic persons may lead to minimal de-
creases in life expectancy in some simulations.

COHORT EFFECTS OF VARIOUS IPT POLICIES

Table 4 summarizes the effects of various IPT policies
on a cohort of 100 000 HIV-infected persons. Outcome
measures are shown for the baseline scenario without pre-
ventive therapy, and differences resulting from IPT are
directly indicated. The effects of the various policies were
analyzed in a stepwise fashion, indicating the marginal
gains from successively broader applications of preven-
tive therapy. We assumed that the first level of imple-
mentation would be the provision of IPT only to pa-
tients with a positive PPD test result (policy 1); the next
level would be extension of the policy to anergic pa-
tients, analyzed separately for 3 different options based
on initial CD4" cell count (policies 2a-c); and finally, we
analyzed the marginal effect of providing IPT to all HIV-
positive patients regardless of PPD status and CD4* cell
count (policy 3).

Policy 1 results in a median increase of QALYs lived
by the cohort of 1153 (range, 1026-1245 QALYs). Re-
sulting from the decreased number of expected patients
with active tuberculosis, health care costs are expected

to decrease by US $6.5 million to US $9 million (me-
dian, US $7.7 million). Cohort life expectancies can be
further increased by extending IPT to anergic patients
(policies 2a-c), and these policies generally lead to fur-
ther cost reductions. When additional expenditures are
required (some simulations for policy 2a), cost-
effectiveness ratios range from US $1 to US $1786 per
QALY gained. Policy 3 may lead to decreases of the av-
erage cohort life expectancy. For those scenarios in which
cohort life expectancies could be increased by this policy,
cost-effectiveness ratios are high, up to a maximum of
US $2.6 million per additional QALY.

EFFECTS OF VARIOUS LEVELS OF PATIENT
COMPLIANCE AND TUBERCULOSIS INFECTION

The incremental effects of various IPT policies were ana-
lyzed assuming a patient compliance rate of 75%. Be-
cause the actual compliance rates under field condi-
tions may be substantially lower, we investigated the
impact of changing compliance rates for policies 1 and
2c. The marginal effects of policy 2¢ also depend on the
level of tuberculosis infection among anergic patients. The
incremental effects of this policy were therefore ex-
plored for all possible combinations of compliance level
and tuberculosis infection.

Even for minimal patient compliance levels of 5%,
neither policy results in a reduction of average patient
life expectancy (data not shown). Policy 2¢ does not re-
sultin areduction of average patient life expectancy even
for a tuberculosis infection level as low as 0%. The ef-

Table 3. Estimated Life Expectancy Gains From Isoniazid
Preventive Therapy in Human Immunodeficiency
Virus-Infected Patients by CD4+ Cell Count and
Delayed-Type Hypersensitivity Skin Test Status*

Status

T 1
CD4: Cell Count,  Tuberculin Tuberculin Negative,

x10%/L Positive Anergic Nonanergic

>0.35 149 (135 to 160) 27 (9 to 37) 7(0to9)
0.35t00.20 146 (129 to 157) 26 (8 to 36) 6(-3t09)

<0.20 104 (95t0 111) 19 (3 to 25) 5(1to6)

*Values are median (range) number of days. Calculations are based on the
assumption of 75% patient compliance with preventive therapy.

Table 4. Estimated Marginal Effects of Various Isoniazid Preventive Therapy (IPT) Policies
in Human Immunodeficiency Virus (HIV)-Infected Cohort Members*

Provider Cost, Quality-Adjusted

Cost-effectiveness Ratios,

Policy Million US $ Life Years (QALYs) US § per QALY

No IPT 61.9 (57.8 to 66.1) 313475 NA

1 -7.7 (-6.5109.0) 1153 (1026 to 1245) NA

2a -0.8 (-2.31t0 0.5) 1057 (874 to 1163) 578 (1 to 1786)

2b -2.2(-1.3103.3) 528 (386 t0 593) NA

2c -1.7(-0.71t0 2.7) 460 (245 to 539) NA

3 2.7 (2.3103.1) 192 (-166 to 305) 14 405 (8504 to 2633 750)

*Values are medians (ranges). National Health System costs for treating HIV-related tuberculosis and QALYs were estimated for 100 000 HIV-infected cohort
members for a scenario with no IPT, and the difference achieved by the policies for IPT was calculated. The policies are described in the text. Values for policy 1
show differences to the baseline scenario. Policy differences are analyzed stepwise, indicating the marginal gains from successively broader applications of IPT.

NA indicates not applicable.
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Figure 3. Incremental costs and cost-effectiveness (C/E) ratios of a policy of
providing isoniazid preventive therapy to tuberculin-positive, human
immunodeficiency virus—infected cohort members (policy 1), according to
different levels of patient compliance. Cost differences between this policy
and a policy of providing no preventive therapy are given in millions US
currency. Cost-effectiveness ratios are calculated as incremental costs
divided by differences in quality-adjusted life years (QALYs) lived by the
cohort.

fects of the uncertainty analysis on cost-effectiveness ra-
tios are shown in Figure 3 and Figure 4. Policy 1 could
result in a reduction in medical costs for compliance lev-
els of 15% or higher. Additional costs per QALY are less
than US $10 000 for compliance levels between 10% and
15% (Figure 3).

Policy 2¢ does not result in a reduction of medical
costs compared with policy 1 for level of tuberculosis in-
fection less than 15% for all levels of compliance. Re-
duction of medical costs can be achieved if the level of
tuberculosis infection is 15% or higher for a compliance
level of at least 95%, or 20% or higher for a compliance
level of at least 60%. Marginal costs per additional QALY
are less than US $10 000 for tuberculosis infection lev-
els of 20%, 15%, and 10% for compliance levels of at least
30%, 45%, and 75%, respectively. However, marginal costs
per additional QALY are greater than US $10 000 for all
scenarios with tuberculosis infection levels of less than
10% (Figure 4).

B COMMENT

The overall mortality of HIV-infected persons increases
if active tuberculosis occurs during the course of HIV in-
fection.”® Therefore, the prevention of active tuberculo-
sis through IPT has the potential to increase the life ex-
pectancy of HIV-infected individuals. Results of the
present analysis, based mainly on empirical data from a
prospective cohort study, show that among HIV-
infected patients, IPT may result in life expectancy gains
ranging from 104 to 149 days for tuberculin-positive in-
dividuals and from 19 to 27 days for anergic patients. In
both groups, the largest gains are achieved for individu-
als with the lowest level of immunosuppression.

One previous study* attempted to quantify these po-
tential life expectancy gains through a decision analysis
based on data from various studies on the natural his-
tory of HIV infection and mortality risks associated with
tuberculosis. In that study, potential gains from 99 days
to 285 days were identified for tuberculin-positive pa-
tients. These results are similar to those found in our
analysis. The gains estimated in our model for tuberculin-
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Figure 4. Cost-effectiveness (C/E) ratios of a policy of providing isoniazid
preventive therapy to tuberculin-positive and anergic human
immunodeficiency virus—infected patients (policy 2c), according to different
levels of patient compliance and different levels of tuberculosis infection in
anergic patients. Cost-effectiveness ratios are calculated as incremental
costs divided by differences in quality-adjusted life years (QALYs) lived by
the cohort for policy 2c compared with a policy of providing isoniazid
preventive therapy to tuberculin-positive patients only (policy 1). The
different lines indicate various levels of tuberculosis infection among anergic
patients, numbers above the lines, percent prevalence rates. Negative C/E
ratios indicate scenarios with net cost savings.

positive individuals are also consistent with the results
of a clinical trial of IPT in HIV-infected patients in which
patients who received IPT had a median time to death
of 5.3 months longer than control subjects.'® Moreover,
the gains for tuberculin-positive patients estimated in our
model are of the same order of magnitude as those ob-
served for other preventive therapy regimens recom-
mended as a standard of care for HIV-infected individu-
als. In a clinical trial of sulfamethoxozole-trimethoprim
prevention of Pneumocystis carinii pneumonia, treated pa-
tients had a mean survival of approximately 10 months
longer than controls,*” and the survival gain estimated
in a model simulation was approximately 7 months.*
The previously mentioned decision analysis also
showed potential gains for tuberculin-negative per-
sons.* However, the effect of testing for anergy to other
recall antigens in addition to PPD testing was not evalu-
ated in that analysis. Our results show that providing IPT
to anergic HIV-infected persons may result in life expec-
tancy gains. The benefits for anergic patients are sub-
stantially lower than those estimated for tuberculin-
positive patients. Moreover, they are dependent on the
level of tuberculosis infection in the population and are
lower than 10 days in scenarios with a 5% prevalence of
tuberculosis infection. This prevalence may reflect the
epidemiological situation of most high-income coun-
tries. A clinical trial conducted in the United States to
evaluate the effects of IPT among anergic patients dem-
onstrated a decrease, although not significant, in the in-
cidence of tuberculosis among treated patients, but it failed
to show any effect on short-term survival.’” Our results
underscore the importance of performing PPD tests early
in the course of HIV infection because the probability of
identifying patients with positive PPD results is higher
among those with less severe immunosuppression.* Pre-
viously published guidelines'” recommend the provi-
sion of IPT to anergic individuals with more advanced
immunosuppression. This recommendation is not sup-
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ported by our analysis because the potential benefits to
these patients are minimal.

POLICY OF providing IPT also to tubercu-

lin-negative HIV-infected individuals has

been suggested for countries with a high

prevalence of tuberculosis infection.” In

these patients, the only potential benefit
of IPT would be a reduced susceptibility to new tuber-
culosis infections during treatment. In our model, based
on empirical data collected in a high-income country, pro-
viding IPT to tuberculin-negative, nonanergic persons re-
sulted in minimal life expectancy gains or, in some simu-
lations, in life expectancy decreases because of adverse
effects of isoniazid use.

Our analysis of the effect of IPT on life expectancy
underscores the importance of providing IPT to tuber-
culin-positive HIV-infected individuals and suggests that
it should be considered also for anergic persons. Eco-
nomic aspects of IPT, however, should be evaluated be-
fore its widespread implementation as a public health in-
tervention.

Results of the present study show that IPT admin-
istered to tuberculin-positive HIV-infected persons not
only increases life expectancy but can also reduce medi-
cal costs if the costs of the intervention are compared with
the costs of detecting and treating patients with active
tuberculosis. Therefore, it can be regarded as a domi-
nant strategy. The issue of compliance has been dis-
cussed as an unresolved problem for IPT programs,” and
empirical data have shown that the obtainable levels may
indeed be low.’*>> We, therefore, analyzed the effect of
varying compliance levels. For a policy of providing IPT
to tuberculin-positive individuals only, a reduction in
medical costs can be expected for compliance levels as
low as 15%. Additional costs may result from very low
compliance levels. However, for a compliance level of 10%,
the costs of this policy do not exceed US $10 000 per
QALY and thus compare favorably with those of other
preventive interventions recommended for HIV-
infected persons.*>* The conclusion would be that al-
though obviously every effort should be made to achieve
high compliance levels, the observation of low compli-
ance should not necessarily preclude the further imple-
mentation of the intervention.

When deciding whether to extend IPT to anergic pa-
tients, the compliance rate and the level of tuberculosis
infection in a given population are important issues. In
1991, the CDC proposed to consider IPT for HIV-
infected anergic individuals coming from a population
with at least a 10% prevalence of tuberculosis infec-
tion.'® In our model calculations, extending IPT to an-
ergic patients in a population with a tuberculosis infec-
tion level of 10% results in additional costs—from US
$6035 to US $9000 per QALY if compliance is higher than
70%. This additional cost can be regarded as justifiable
for high-income countries. Provision of IPT to anergic
patients in a population with a tuberculosis infection level
less than 10% results in cost-effectiveness ratios greater
than US $10000 per QALY, even if compliance rates
achieve 100%. For a compliance rate of 75%, which can

probably be achieved under field conditions, a reduc-
tion in medical costs can be expected only if the tuber-
culosis infection rate is 17.5% or higher. These results
could facilitate decisions about the implementation of an
IPT program for HIV-infected anergic individuals in vary-
ing epidemiological situations and under different pro-
gram performances.

Some limitations should be kept in mind when in-
terpreting our results. First, we found that the degree of
immunosuppression of HIV-infected patients affects the
benefits expected from an IPT program. The distribu-
tion of immunosuppression levels in our model calcu-
lations was based on empirical data from all patients pre-
senting consecutively at several facilities, and we are
confident that it represents the actual distribution among
all HIV-infected individuals in Italy. However, it may not
necessarily represent that of other countries with differ-
ent epidemiological situations.

Second, model variables for progression to death and
incidence of tuberculosis were derived from an observa-
tional study carried out before the advent of combina-
tion antiretroviral therapy and protease inhibitors. This
new therapeutic approach may prolong survival of HIV-
infected persons and may also affect the incidence of op-
portunistic infections.” However, a recent study® pro-
vides no evidence of changes in the incidence of
tuberculosis after wide use of combination antiretrovi-
ral therapy.

Third, our cost analysis was made for the situation
in a high-income country (Italy), and the cost of treat-
ment of active cases was assumed to be high because of
hospitalization. Accordingly, expected savings from the
prevention of tuberculosis cases were large. The situa-
tion depicted in our model seems to be similar to that
observed in other high-income countries, where inpa-
tient treatment accounts for the largest proportion of
expenditures for health care for tuberculosis,” although
the cost data used in our model may differ from the cost
of preventive therapy or the cost of care for tuberculosis
of other industrialized countries, such as the United
States. In the United States, for example, costs for
tuberculosis-associated hospitalization estimated from
observational studies or derived from Medicare reim-
bursement may be higher than those used in our analy-
sis.”® Conversely, in middle- or low-income countries,
costs for tuberculosis prevention and treatment are dif-
ferent from that used in our analysis. For example,
patients with tuberculosis are generally treated on an
ambulatory basis, and the associated costs can be low.
This means that the potential economic benefits of case
prevention estimated in our study should not be
extrapolated to these countries. However, a model
simulation carried out with data from Africa suggests
that providing IPT to HIV-infected individuals could be
more cost-effective than tuberculosis treatment in low-
income countries also.?!

Finally, the economic benefits of IPT were evalu-
ated with respect to its use as a tuberculosis control in-
tervention and not from a societal viewpoint.? There-
fore, our results showing that providing IPT may compare
favorably with treatment of patients with active tuber-
culosis do not imply overall cost reductions.

ARCH INTERN MED/VOL 158, OCT 26, 1998

2119

©1998 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Universita degli di Milano User on 03/23/2021



Results of a recent study™ suggest that an IPT pro-
gram for HIV-infected persons could be one of the most
effective interventions for tuberculosis control in the
United States. Our results add an economic argument:
compared with the costs of treating patients with active
tuberculosis in a high-income country, IPT may result
in savings for the health care provider when targeted to
tuberculin-positive individuals.

The possible extension of this intervention to an-
ergic patients has been questioned recently on the basis
of considerations about difficulties in interpreting an-
ergy skin test results'® and the results of clinical stud-
ies.!*!> Our results support recent CDC recommenda-
tions'® against routine use of anergy skin testing to identify
candidates for preventive therapy among HIV-infected
persons. However, the provision of IPT to anergic pa-
tients may be justified in high-income countries under
an economic point of view when targeted to specific
groups with a high risk of tuberculosis infection. To op-
timize the effectiveness of this intervention, more infor-
mation on the feasibility and operational problems of IPT
programs in different settings, in particular those re-
lated to patient compliance, are needed.

Accepted for publication March 23, 1998.

This study was supported by grants 8203.07 and
9401.09 from the Ministero della Sanita-Progetto AIDS,
Rome, Italy.

We thank Renata Mancini for her excellent technical
support.

Members of the Gruppo Italiano di Studio Tuberco-
losi e AIDS (GISTA) and participating institutions include
the following: Paolo Almi, MD, S. Maria Scala, Siena; Gio-
acchino Angarano, MD, Policlinico, Bari; Orlando Armig-
nacco, MD, L. Spallanzani I Divisione, Roma; Sergio
Babudieri, MD, SS Annungiata, Sassari; Nazario Bevilac-
qua, MD, Gemelli, Roma; Alessandra Bini, MD, Pizzardi,
Bologna; Patrizia Bottura, MD, Civile, Busto Arsizio; Evan-
gelo Boumis, MD, L. Spallanzani, Roma; Antonio Chiri-
anni, MD, Cotugno, Napoli; Paolo Costigliola, MD, S. Or-
sola, Bologna; Giovanni Di Perri, MD, Civile Maggiore,
Verona; Isabella Evrante, MD, Niguarda, Milano; Marco Lib-
anore, MD, S. Anna, Ferrara; Giuseppina Liuzzi, MD, II Poli-
clinico, Napoli; Elio Manzillo, MD, Cotugho, Napoli; Gio-
vanni Battista Migliori, MD, IRCCS S. Maugeri, Tradate;
Lorenzo Minoli, MD, S. Matteo, Pavia; Pasquale Narciso,
MD, L. Spallanzani II Divisione, Roma; Gabriella Pagano,
MD, S. Martino, Genova; Gianpietro Pellizzer, MD, S. Bor-
tolo, Vicenza; Stefano Rusconi, MD, Sacco Clinica, Mi-
lano; Domenico Santoro, MD, S. Anna, Como; Eliana Savalli,
MD, Cisanello, Pisa; Marcello Tavio, MD, Centro Onco-
logico, Aviano; Antonio Traverso, MD, USL 1, Aosta.

Reprints: Giuseppe Ippolito, MD, Centro di Riferi-
mento AIDS-Servizio di Epidemiologia delle Malattie In-
fettive, IRCCS Ospedale L. Spallanzani, Via Portuense, 292-
00149 Roma, Italy (e-mail: craids@excalhq.it).

S mEmEs

1. Raviglione MC, Snider DE, Kochi A. Global epidemiology of tuberculosis: mor-
bidity and mortality of a worldwide epidemic. JAMA. 1995;273:220-226.
2. Selwyn PA, Hartel D, Lewis VA, et al. A prospective study of the risk of tubercu-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

losis among intravenous drug users with human immunodeficiency virus infec-
tion. NV Engl J Med. 1989;320:545-550.

. Small PM, Shafer RW, Hopewell PC, et al. Exogenous reinfection with multidrug-

resistant Mycobacterium tuberculosis in patients with advanced HIV infection.
N Engl J Med. 1993;328:1137-1144.

. Goletti D, Weissman D, Jackson RW, et al. Effect of Mycobacterium tuberculo-

sis on HIV replication: role of immune activation. J Immunol. 1996;157:1271-
1278.

. Perneger TV, Sudre P, Lundgren JD, Hirschel B. Does the onset of tuberculosis

in AIDS predict shorter survival? results of a cohort study in 17 European coun-
tries over 13 years: AIDS in Europe Study Group. BMJ. 1995;311:1468-1471.

. Whalen C, Horsburgh CR, Hom D, Lahart C, Simberkoff M, Eliner J. Accelerated

course of human immunodeficiency virus infection after tuberculosis. Am J Respir
Crit Care Med. 1995;151:129-135.

. Leroy V, Salmi LR, Dupon M, et al. Progression of human immunodeficiency vi-

rus infection in patients with tuberculosis disease: a cohort study in Bordeaux,
France, 1988-1994: the Groupe d’Epidemiologie Clinique du Sida en Aquitaine
(GECSA). Am J Epidemiol. 1997;145:293-300.

. Ferebee SH. Controlled chemoprophylaxis trials in tuberculosis: a general re-

view. Adv Tuberc Res. 1970;17:28-106.

. Selwyn PA, Sckell BM, Alcabes P, Friedland GH, Klein RS, Schoenbaum EE. High

risk of active tuberculosis in HIV-infected drug users with cutaneous anergy. JAMA.
1992;268:504-509.

Pape JW, Jean SS, Ho JL, Hafner A, Johnson WD. Effect of isoniazid prophy-
laxis on incidence of active tuberculosis and progression of HIV infection. Lan-
cet. 1993;342:268-272.

Graham NMH, Galai N, Nelson KE, et al. Effect of isoniazid chemoprophylaxis on
HIV-related mycobacterial disease. Arch Intern Med. 1996;156:889-894.
Hawken MP, Meme HK, Elliott LC, et al. Isoniazid preventive therapy for tuber-
culosis in HIV-1-infected adults: results of a randomized controlled trial. A/DS.
1997;11:875-882.

Moreno S, Miralles P, Diaz MD, et al. Isoniazid preventive therapy in human im-
munodeficiency virus—infected persons: long-term effect on development of tu-
berculosis and survival. Arch Intern Med. 1997;157:1729-1734.

Whalen CC, Johnson JL, Okwera A, et al. A trial of three regimens to prevent
tuberculosis in Ugandan adults infected with the human immunodeficiency vi-
rus. N Engl J Med. 1997;337:801-808.

Gordin FM, Matts JP, Miller C, et al. A controlled trial of isoniazid in persons with
anergy and human immunodeficiency virus infection who are at high risk for tu-
berculosis. N Engl J Med. 1997;337:315-320.

Centers for Disease Control. Purified protein derivative (PPD)-tuberculin anergy and
HIV infection: guidelines for anergy testing and management of anergic persons at
risk of tuberculosis. MMWR Morb Mortal Wkly Rep. 1991;40(RR-5):27-32.
Subcommittee of the Joint Tuberculosis Committee of the British Thoracic So-
ciety. Guidelines on the management of tuberculosis and HIV infection in the United
Kingdom. BMJ. 1992;304:1231-1233.

Chin DP, Osmond D, Page-Shafer K, et al. Reliability of anergy skin testing in
persons with HIV infection. Am J Respir Crit Care Med. 1996;153:1982-1984.
Centers for Disease Control and Prevention. Anergy skin testing and preventive
therapy for HIV-infected persons: revised recommendations. MMWR Morb Mor-
tal Wkly Rep. 1997;46(RR-15):1-10.

Masobe P, Lee T, Price M. Isoniazid prophylactic therapy for tuberculosis in HIV-
seropositive patients: a least-cost analysis. S Afr Med J. 1995;85:75-81.
Heymann SJ. Modelling the efficacy of prophylactic and curative therapies for
preventing the spread of tuberculosis in Africa. Trans R Soc Trop Med Hyg. 1993;
87:406-411.

Antonucci G, Girardi E, Raviglione MC, Ippolito G. Risk factors for tuberculosis
in HIV-infected persons: a prospective cohort study. JAMA. 1995;274:143-148.
Salpeter SR. Fatal isoniazid-induced hepatitis: its risk during chemoprophy-
laxis. West J Med. 1993;159:560-564.

Israel HL, Gottlieb JE, Maddrey WC. Perspective: preventive isoniazid therapy
and the liver. Chest. 1992;101:1298-1301.

Snider DE Jr, Caras GJ. Isoniazid-associated hepatitis deaths: a review of avail-
able information. Am Rev Respir Dis. 1992;145:494-497.

International Union Against Tuberculosis Committee on Prophylaxis. Efficacy of
various durations of isoniazid preventive therapy for tuberculosis: five years of
follow-up in the IUAT trial. Bull World Health Organ. 1982;60:555-564.
Sonnenberg FA, Beck JR. Markov models in medical decision making: a practi-
cal guide. Med Decis Making. 1993;13:322-338.

McKay MD, Conover WJ, Beckman RJ. A comparison of three methods for se-
lecting values of input variables in the analysis of output from a computer code.
Technometrics. 1979;21:239-245.

Siegel JE, Weinstein MC, Russell LB, Gold MR. Recommendations for reporting
cost-effectiveness analyses: Panel on Cost-Effectiveness in Health and Medi-
cine. JAMA. 1996;276:1339-1341.

ARCH INTERN MED/VOL 158, OCT 26, 1998

2120

©1998 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Universita degli di Milano User on 03/23/2021



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Holtgrave DR, Pinkerton SD. Updates of cost of illness and quality of life esti-
mates for use in economic evaluations of HIV prevention programs. J Acquir Im-
mune Defic Syndr Hum Retrovirol. 1997;16:54-62.

Migliori GB, Spanevello A, Gambarini C, Rieder HL, Neri M. Economical aspects
of tuberculosis control in Italy. Rass Pat App Resp. 1994;9:67-70.

Ministero della Sanita. Revisione del nomenclatore tariffario delle prestazioni spe-
cialistiche ambulatoriali. Gazzetta Ufficiale Repubblica Ital N. 1991;286(suppl 80):
1-78.

Snider DE Jr, Caras GJ, Koplan JP. Preventive therapy with isoniazid: cost-
effectiveness of different durations of therapy. JAMA. 1986;255:1579-1583.
Styblo K. Epidemiology of Tuberculosis. The Hague, the Netherlands: Tubercu-
losis Association; 1991:40-54.

Scalia-Tomba G. Stima dell’ epidemia di HIV ed AIDS in Italia basata sui dati di
notifica AIDS noti al COA in primavera 1994: rapporti ISTISAN 95/41. In: Pez-
zotti P, Scalia-Tomba G, Rezza G, eds. Incidenza e Prevalenza delle Infezioni da
HIV in Italia e Previsioni a Breve e Medio Termine. Roma, Italia: Istituto Superi-
ore di Sanita; 1995:64-69.

Sutherland I. Recent studies in the epidemiology of tuberculosis, based on the
risk of being infected with tubercle bacilli. Adv Tuberc Res. 1976;19:1-63.
Markowitz N, Hansen NI, Hopewell PC, et al. Incidence of tuberculosis in the United
States among HIV-infected persons. Ann Intern Med. 1997;126:123-132.
Girardi E, Antonucci G, Tronci M, Bordi E, Ippolito G. Drug resistance patterns
among tuberculosis patients in Rome, 1990-1992. Scand J Infect Dis. 1996;28:
487-491.

Angarano G, Carbonara D, Costa D. Drug resistance of Mycobacterium tuber-
culosis strains isolated from HIV-infected Italian patients: preliminary report from
a multicentric study. New Microbiol. 1995;18:69-72.

Burman WJ, Dalton CB, Cohn DL, Butler JR, Reves RR. A cost-effectiveness analy-
sis of directly observed therapy vs self-administered therapy for treatment of tu-
berculosis. Chest. 1997;112:63-70.

Blatt SP, McCarthy WF, Bucko Krasnicka B, et al. Multivariate models for pre-
dicting progression to AIDS and survival in human immunodeficiency virus—
infected persons. J Infect Dis. 1995;171:837-844.

Longini IM Jr, Clark WS, Byers RH, et al. Statistical analysis of the stages of HIV
infection using a Markov model. Stat Med. 1989;8:831-843.

Lu'Y, Stitt FW. Using Markov processes to describe the prognosis of HIV-1 in-
fection. Med Decis Making. 1994;14:266-272.

Mariotto AB, Mariotti S, Pezzotti P, Rezza G, Verdecchia A. Estimation of the ac-
quired immunodeficiency syndrome incubation period in intravenous drug us-
ers: a comparison with male homosexuals. Am J Epidemiol. 1992;135:428-437.
Schechter MT, Le N, Craib KJ, Le TN, 0’Shaughnessy MV, Montaner JS. Use of

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

the Markov model to estimate the waiting times in a modified WHO staging sys-
tem for HIV infection. J Acquir Immune Defic Syndr Hum Retrovirol. 1995;8:
474-479.

Jordan TJ, Lewit EM, Montgomery RL, Reichman LB. Isoniazid as preventive
therapy in HIV-infected intravenous drug abusers: a decision analysis. JAMA.
1991;265:2987-2991.

Fischl ME, Dickinson GM, LaVoie L. Safety and efficacy of sulfamethoxazole and
trimethoprim chemoprophylaxis for Pneumocystis carinii pneumonia in AIDS.
JAMA. 1988;259:1185-1189.

Freedberg KA, Tosteson ANA, Gohen CJ, Cotton DJ. Primary prophylaxis for Pneu-
mocistis carinii pneumonia in HIV-infected people with CD4 counts below 200/
mm?: a cost-effectiveness analysis. J Acquir Immune Defic Syndr Hum Retro-
virol. 1991;4:521-531.

Graham NMH, Nelson KE, Solomon L, et al. Prevalence of tuberculin positivity
and skin test anergy in HIV-1-seropositive and —seronegative intravenous drug
users. JAMA. 1992;267:369-373.

Pan American Health Organization. Association Between HIV and Tuberculosis:
Technical Guide. Washington, DC: Pan American Health Organization; 1992.
De Cock KM, Grant A, Porter JD. Preventive therapy for tuberculosis in HIV-
infected persons: international recommendations, research, and practice. Lan-
cet. 1995;345:833-836.

Nazar Stewart VV, Nolan CM. Results of a directly observed intermittent isoniazid
preventive therapy program in a shelter for homeless men. Am Rev Respir Dis.
1992;146:57-60.

Pilote L, Tulsky JP, Zolopa AR, Hahn JA, Schecter GF, Moss AR. Tuberculosis
prophylaxis in the homeless: a trial to improve adherence to referral. Arch Intern
Med. 1996;156:161-165.

McCarthy BD, Wong JB, Munoz A, Sonnenberg FA. Who should be screened for
HIV infection? a cost-effectiveness analysis. Arch Intern Med. 1993;153:1107-
1116.

Lipsky JJ. Antiretroviral drugs for AIDS. Lancet. 1996;345:833-836.

Brodt HR, Kamps BS, Gute P, Knupp B, Staszewski S, Helm E. Changing inci-
dence of AIDS-defining illnesses in the era of antiretroviral combination therapy.
AIDS. 1997;11:1731-1738.

Brown RE, Miller B, Taylor WR, et al. Health-care expenditures for tuberculosis
in the United States. Arch Intern Med. 1995;155:1595-1600.

Salpeter SR, Sanders GD, Salpeter EE, Owens DK. Monitored isoniazid prophy-
laxis for low-risk tuberculin reactors older than 35 years of age: a risk-benefit
and cost-effectiveness analysis. Ann Intern Med. 1997;127:1051-1061.

Brewer TF, Heymann SJ, Colditz GA. Evaluation of tuberculosis control policies
using computer simulation. JAMA. 1996;276:1898-1903.

ARCH INTERN MED/VOL 158, OCT 26, 1998

2121

©1998 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Universita degli di Milano User on 03/23/2021



