INT J TUBERC LUNG DIS 17(2):198-206
©2013 The Union
http://dx.doi.org/10.5588/ijtld.12.0224

Health care index score and risk of death following
tuberculosis diagnosis in HIV-positive patients

D. N. Podlekareva,* D. Grint, F. A. Post,* A. Mocroft,t A. M. Panteleev,$ R. F. Miller,7 J. M. Miro,*
M. Bruyand,**:** H. Furrer,** V. Riekstina,s E. Girardi," M. H. Losso,** J. A. Cayla,***
E. A. Malashenkov,tt N. Obel,** A. M. Skrahina,s5s J. D. Lundgren, *## Q. Kirk;*.#* HIV-TB Study Group

* Copenhagen HIV Programme, University of Copenhagen, Denmark; *University College London, London, #King’s
College London School of Medicine, London, UK; STB Hospital #2, St Petersburg, Russia; 1Centre for Sexual Health and
HIV Research, University College London, London, UK; #Hospital Clinic, Institut d’Investigacions Biomédiques August
Pi i Sunyer, University of Barcelona, Barcelona, Spain; ** Centre Inserm U897-Epidemiologie-Biostatistique, Université
Bordeaux, Institut de Santé Publique, d’Epidémiologie et de Developpement (ISPED), Bordeaux, *Centre Inserm U897-
Epidemiologie-Biostatistique, Institut National de la Santé et de la Recherche Médicale, ISPED, Bordeaux, France;
#Clinic for Infectious Diseases, Berne University Hospital and University of Berne, Berne, Switzerland; $§Infectology

Centre of Latvia, Tuberculosis and Lung Diseases Clinic, Riga, Latvia; MiInstituto Nazionale Malattie Infettive L
Spallanzani, Rome, Italy; #**Hospital JM Ramos Mejia, Servicio de Inmunocomprometidos, Buenos Aires, Argentina;
***Servicio de Epidemiologia, Agencia de Salud Publica de Barcelona, CIBER Epidemiologia y Salud Publica, Barcelona,
Spain; t**Botkin Hospital of Infectious Diseases, St Petersburg, Russia; ***Rigshospitalet, Copenhagen, Denmark;
sssResearch Institute of Pulmonology and Pulmonary Tuberculosis, Minsk, Belarus

SUMMARY

OBJECTIVES: To assess health care utilisation for pa-
tients co-infected with TB and HIV (TB-HIV), and to
develop a weighted health care index (HCI) score based
on commonly used interventions and compare it with
patient outcome.

METHODS: A total of 1061 HIV patients diagnosed
with TB in four regions, Central/Northern, Southern
and Eastern Europe and Argentina, between January
2004 and December 2006 were enrolled in the TB-HIV
study. A weighted HCI score (range 0-5), based on inde-
pendent prognostic factors identified in multivariable
Cox models and the final score, included performance
of TB drug susceptibility testing (DST), an initial TB
regimen containing a rifamycin, isoniazid and pyrazin-
amide, and start of combination antiretroviral treatment
(cART).

RESULTS: The mean HCI score was highest in Central/
Northern Europe (3.2, 95%CI 3.1-3.3) and lowest in

Eastern Europe (1.6, 95%CI 1.5-1.7). The cumulative
probability of death 1 year after TB diagnosis decreased
from 39% (95%CI 31-48) among patients with an HCI
score of 0, to 9% (95%CI 6-13) among those with a
score of =4. In an adjusted Cox model, a 1-unit increase
in the HCI score was associated with 27% reduced mor-
tality (relative hazard 0.73, 95%CI 0.64-0.84).
CONCLUSIONS: Our results suggest that DST, standard
anti-tuberculosis treatment and early cART may im-
prove outcome for TB-HIV patients. The proposed HCI
score provides a tool for future research and monitoring
of the management of TB-HIV patients. The highest
HCI score may serve as a benchmark to assess TB-HIV
management, health care
improvement.
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encouraging continuous

TUBERCULOSIS (TB) in human immunodeficiency
virus (HIV) positive persons remains a great challenge
for physicians globally. Survival rates of HIV-positive
persons with active TB (TB-HIV patients) vary sub-
stantially around the world and depend on several
factors relating to the management of both HIV in-
fection and TB disease. Among such factors, the most
important are prompt and proper diagnosis of TB, in-
cluding culture and drug susceptibility testing (DST),
timely initiation of adequate anti-tuberculosis treat-

ment, as well as assessment of a patient’s immune
status and timely initiation of combination antiretro-
viral treatment (cART).12 These factors are mainly
related to, and depend on, the local level of health
care and the availability of resources. Incidence rates
of TB among HIV-infected persons would naturally
be higher in regions with a high prevalence of Myco-
bacterium tuberculosis infection in the general popu-
lation, while mortality rates are likely to be higher in
settings with a high prevalence of multidrug-resistant
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TB (MDR-TB).3-7 However, even in resource-limited
settings with a high prevalence of TB it is possible to
achieve a significant reduction in TB-associated mor-
tality among TB-HIV patients.8?

We previously reported that a number of patient
characteristics related to both HIV (i.e., acquired
immune-deficiency syndrome [AIDS] or poor im-
mune status) and TB (i.e., disseminated or rifamycin-
resistant disease) were associated with an increased
risk of death. In addition, some aspects related to pa-
tient care, such as not including a rifamycin in first-
line anti-tuberculosis treatment or not commencing
cART, were independent predictors of death.6 These
factors, however, could only partially explain regional
differences in mortality, suggesting that other patient
or health care-associated factors may differ between
the geographic regions.

The purpose of the current analysis was to evalu-
ate the extent of appropriate health care provided to
TB-HIV patients across different geographic regions
by establishing a health care index (HCI), and to use
this HCI to generate a TB-HIV HCI score that reflects
health care utilisation. We then analysed the cumula-
tive probability of death in patients stratified by HCI
score and regional differences in hazards of death in
multivariable models incorporating the HCI score.

METHODS

Patient cohort

The TB-HIV study is an international cohort of HIV-
positive patients consecutively diagnosed with TB who
initiated anti-tuberculosis treatment between January
2004 and December 2006 at one of the 52 participat-
ing clinics in Europe and Argentina. The present anal-
ysis is based on 1061 TB-HIV patients whose HIV in-
fection was diagnosed before or up to 1 month after
TB diagnosis, to avoid bias when assessing HIV man-
agement. Details of the study have been published
elsewhere.¢ Briefly, information was collected retro-
spectively on standardised case report forms (CRF),
and included demographic and clinical characteris-
tics of the TB disease, details of smear tests, culture
and DST performed, drug regimens used and TB out-
comes. Information on underlying HIV infection was
collected on a separate CRE and included all avail-
able CD4 cell count and HIV-RNA measurements, use
of antiretroviral drugs, presence of non-TB AIDS-
defining illnesses and use of chemoprophylaxis.10

The study was approved by the ethics committees
of the participating clinics, as per local and national
regulations. Patients had to sign informed consent
where requested by local regulations.

Health care index

To evaluate aspects of TB and HIV health care, we
chose a number of the most important health care
parameters that reflected the actual care provided to

patients rather than disease-specific characteristics
(e.g., ‘having a culture or DST performed’ rather than
‘having MDR-TB’). These parameters were combined
in an HCI, for which the following components were
a priori considered to be based on the guidelines for
management of TB-HIV patients:!-2

1 World Health Organization (WHO) defined defi-
nite diagnosis of TB: culture-confirmed disease due
to M. tuberculosis and/or at least one sputum smear
examination positive for acid-fast bacilli (AFB);!!

2 Performance of DST for M. tuberculosis;

3 Inclusion of a rifamycin (R), isoniazid (H, INH)
and pyrazinamide (Z, PZA) in the initial anti-
tuberculosis treatment regimen;

4 Availability of at least one CD4 cell count mea-
surement between 6 months before and 1 month
after TB diagnosis;

5 Initiation of cART (a combination of at least three
antiretroviral drugs from any class) before or up
to 1 month after TB diagnosis.

The 1-month cut-off for CD4 cell counts and use
of cART was chosen to reduce survival bias, as sub-
stantial early mortality was observed. In sensitivity
analyses, we assessed the effects of initiation of cART
within 3, 6, 3-9 and >9 months of TB diagnosis, and
CD4 cell count measurements obtained within 2, 3
and 6 months of TB diagnosis.

Statistical analysis
The study population was divided into four geo-
graphic regions according to country of residence:
Eastern Europe (7 = 573), Central/Northern Europe
(n = 166), Southern Europe (# = 208) and Argentina
(n = 114).* Descriptive statistics were used to com-
pare patient characteristics and the HCI components
across regions. The HCI components were considered
as quantitative discrete variables (yes/no), and were
given a score of zero if no information was available for
a given patient. The proportion of patients to whom
each HCI component applied was calculated and com-
pared by region. Follow-up was from the date of TB
diagnosis until the last clinic visit (or date of loss to
follow-up), date of death or 1 year after TB diagnosis,
whichever occurred first. TB was classified as pulmo-
nary if disease was limited to the lungs and/or pleura;
extra-pulmonary if TB was limited to any other single
organ system; or disseminated if it was miliary TB,
TB in at least two organ systems, or if M. tuberculo-
sis had been isolated from blood or bone marrow.
To establish an HCI score, the relative hazard
(RH) of death for each HCI component was calcu-
lated using a multivariable Cox model incorporating
all five HCI components. A weighted score was then

*Eastern Europe: Belarus, Latvia, Romania, Russia, Ukraine;
Central/Northern Europe: Denmark, France, Switzerland, United
Kingdom; Southern Europe: Italy, Spain.
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assigned to each significant HCI component based on
the natural logarithm of its RH of death. The mean
HCI score was calculated for each region and com-
pared to the proportion of patients who died within
12 months of TB diagnosis and to those with success-
ful TB outcomes (cure/treatment completion).

Kaplan-Meier survival analysis was used to esti-
mate the probability of death within 12 months of
TB diagnosis among patients stratified by HCI score.
Cox proportional hazard models were used to anal-
yse the effect of the HCI score on mortality. Other
factors included in the Cox model were those that
were previously shown to be associated with mortal-
ity, and included sex, CD4 cell count at TB diagnosis,
previous AIDS diagnosis, previous TB diagnosis, TB
rifamycin resistance and site of TB.6

RESULTS

Patient population

A total of 1061 TB-HIV patients were included in the
analysis. Patient characteristics are presented in Ta-
ble 1. As reported previously, patients from Eastern
Europe were younger and more often had a history

of injection drug use (IDU) and/or hepatitis C co-
infection.6 Approximately half of all patients had dis-
seminated TB, and the majority of patients had estab-
lished HIV infection at the time of TB diagnosis.
Patients from Argentina had more profound immu-
nodeficiency, while patients from Eastern Europe had
less advanced HIV infection.

The proportion of patients with positive values for
each HCI component differed significantly by geo-
graphic region (Table 1). Fewer patients in Eastern
Europe had a definite TB diagnosis, initiated RHZ-
containing anti-tuberculosis treatment or received
cART. Patients in Eastern Europe and Argentina were
less likely to undergo DST for M. tuberculosis and
have CD4 cell counts performed.

Health care index score

To develop an HCI score, the five selected compo-
nents were included in a Cox model, with death as
the dependent variable (Table 2). Use of cART, RHZ-
containing initial anti-tuberculosis treatment and un-
dergoing DST were associated with a reduced hazard
of death in both univariable and multivariable models.
The availability of a CD4 cell count and a definite TB

Table 1 Baseline characteristics and health care index components in TB-HIV patients stratified by geographic region*
Central/Northern
Eastern Europet® Southern Europet Europef Argentina
(n =573) (n = 208) (n=166) (n=114)
n (%) n (%) n (%) n (%) Pvalue
Patient characteristics
Male sex 410 (71.6) 160 (76.9) 78 (47.0) 73 (64.0) <0.0001
IDU (as risk factor for TB)* 409 (71.9) 63 (34.6) 19 (13.0) 30 (26.6) <0.0001
Hepatitis C antibody-positives 268 (46.9) 53 (25.5) 15(9.0) 15(13.2) <0.0001
Disseminated TB1 349 (60.9) 104 (50.0) 86 (51.8) 57 (50.0) <0.0001
Rifamycin-resistant TB# 121 (45.8) 5(3.5) 5 (4. 6(16.2) <0.0001
Prior AIDS** 79 (13.8) 42 (20.2) 22 (13.3) 63 (55.3) <0.0001
Age, years, median [IQR] 30.2 [26.2-35.0] 37.7 [31.8-43.5] 37.4[31.6-44.2] 35.5[30.2-41.7] <0.0001
CD4 cell count, cells/ul, median [IQR]*t 210 [85-463] 132.5 [46-291] 140 [50.5-293.5] 92 [40-233.5] <0.0001
HIV-RNA, logio copies/ml, median [IQR]#* 5.1[4.3-5.7] 4.9[3.5-5.6] 4.9 [3.4-5.6] 4.6 [3.5-5.4] 0.023
Health Care Index components
Definite TB diagnosis 389 (67.9) 167 (80.3) 136 (81.9) 82 (71.9) 0.0002
DST performedss 264 (84.9) 141 (87.6) 111 (85.4) 37 (69.8) <0.0001
RHZ-containing initial
anti-tuberculosis treatment 258 (45.0) 163 (78.4) 146 (88.0) 96 (84.2) <0.0001
CD4 cell count measurement performed
from 6 months before to 1 month
after TB diagnosis 316 (55.2) 161 (77.4) 126 (75.9) 67 (58.8) <0.0001
CART started before or within 1 month
of TB diagnosis 98 (17.1) 112 (53.9) 87 (52.4) 54 (47.4) <0.0001

*Baseline defined as the date of TB diagnosis.

TEastern Europe: Belarus, Latvia, Romania, Russia, Ukraine; Central/Northern Europe: France, Denmark, Switzerland, United Kingdom; Southern Europe:
Italy, Spain.

*#TB risk factor was unknown for 51 patients: Eastern Europe 4 (7.8%), Southern Europe 26 (51.0%), Central/Northern Europe 20 (39.2%), Argentina 1 (2.0%);
P < 0.0001.

SUnknown for 528 patients. No significant differences comparing the proportions with unknown HCV antibody status across the regions; P = 0.13.

1TB involving more than one organ system, miliary TB or Mycobacterium tuberculosis isolated from blood or bone marrow.

#Proportion of those with DST performed.

** AIDS defined using the 1993 Centers for Disease Control and Prevention clinical case definitions (category C).

ttUnknown for 208 patients: Eastern Europe 146 (25.5%), Southern Europe: 14 (6.7%), Central/Northern Europe 22 (13.3%), Argentina 26 (22.8%);
P < 0.0001.

#Unknown for 547 patients: Eastern Europe 467 (81.5%), Southern Europe 23 (11.1%), Central/Northern Europe 11 (6.6%), Argentina 46 (40.4%);
P < 0.0001.

$8Proportion of those with positive culture for M. tuberculosis (culture-confirmed TB respectively 311, 161, 130 and 53 in Eastern Europe, Southern Europe,
Central/Northern Europe and Argentina).

TB = tuberculosis; HIV = human immunodeficiency virus; IDU = injection drug use; AIDS = acquired immune-deficiency syndrome; IQR = interquartile range;
DST = drug susceptibility testing; RHZ = rifamycin+isoniazid+pyrazinamide; cART = combination antiretroviral therapy; HCV = hepatitis C virus.
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Table 2 Cox proportional hazard model used to calculate the weighted HCI score*

Univariable Multivariable Final

Ln HCl score
HCI component RH 95%Cl P value RH 95%Cl P value RH 95%Cl P value RH* weighting
Definite diagnosis 0.76 0.54-1.05 0.097 1.18 0.79-1.78 0.42 0
DST performed 0.63 0.47-0.86 0.0031 0.65 0.45-0.95 0.025 0.71 0.53-0.97 0.031 -0.34 1
Initial TB treatment
with RHZ 0.37 0.28-0.51 <0.0001 0.41 0.30-0.57 <0.0001 0.43 0.31-0.58 <0.0001 -0.85 2
CD4 measured from
6 months before
or up to 1 month
after TB diagnosis  0.90  0.66-1.23 0.50 1.22 0.89-1.68 0.21 0
CART started before
or up to 1 month
after TB diagnosis  0.32  0.21-0.48 <0.0001 0.35 0.23-0.53 <0.0001 0.36 0.24-0.55 <0.0001 -1.02 2

* Absence of an HCI component yielded a zero score. The HCI score was calculated for each patient as the sum of each of the HCI components.

tLn RH is calculated from the RHs of death obtained in the final model.

HCI = health care index; RH = relative hazard; Cl = confidence interval; Ln = natural logarithm; TB = tuberculosis; RHZ = rifamycin+isoniazid-+pyrazinamide;

cART = combination antiretroviral therapy.

diagnosis were not associated with a reduced hazard
of death in either univariable or multivariable analy-
sis (Table 2). These two components were therefore
not included in the final HCI score. Similar results
were obtained when using different time windows for
CD4 cell count measurements or cART initiation (data
not shown). Of note, having a culture-based definitive
TB diagnosis (i.e., excluding patients with only posi-
tive smear tests) was highly correlated with under-
going DST (R = 82%, P < 0.0001). Including smear-
positive tests in the definitive diagnosis reduced this
correlation to 62%, and reduced the association be-
tween definitive diagnosis and the risk of death to a
non-insignificant level.

The natural logarithms of the three RHs of death
were used to weigh the components that make up the
HCI score. As the effects of initial treatment with

HCI score

Q) =1

RHZ and use of cART were approximately double
the magnitude of the effect of DST, DST was assigned
1 point and the use of RHZ-containing initial anti-
tuberculosis treatment and use of cART 2 points
each. The HCI score could thus range from 0 to 5,
with a higher score being indicative of more intensive
health care utilisation (Table 2).

An HCI score was calculated for each patient. The
distribution of HCI scores for each region is shown
in Figure 1. The majority (54-82%) of patients from
Central/Northern Europe, Southern Europe and Ar-
gentina had HCI scores =3, compared with only
29% of patients from Eastern Europe (P < 0.0001),
whereas 28% of those in Eastern Europe had an
HCI score of 0. The mean HCI score was highest in
Central/Northern Europe (3.2, 95% confidence in-
terval [CI] 3.1-3.3), followed by Southern Europe
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Figure 2 Mean HCl score and outcomes in TB-HIV patients stratified by region
of residence. Mean HCl score (95%Cl): Eastern Europe 1.63 (1.52-1.74); South-
ern Europe 3.03 (2.88-3.18); Central/Northern Europe 3.22 (3.09-3.34); Argen-
tina 2.83 (2.64-3.02). HCI = health care index; Cl = confidence interval; TB =
tuberculosis; HIV = human immunodeficiency virus.

(3.0, 95%CI 2.9-3.2) and Argentina (2.9, 95%CI
2.6-3.0); it was lowest in Eastern Europe (1.6, 95%CI
1.5-1.7, P < 0.0001).

Health care index score and anti-tuberculosis
treatment outcome

Information on treatment outcome was available for
995 (98%) patients. Overall, a successful treatment
outcome was reported for 578 patients (58%), and
was most common in those regions with the highest
HCI scores. Similarly, Kaplan-Meier estimates of be-
ing alive at 12 months were highest in regions with
the highest HCI scores (Figure 2). A progressive de-
crease was observed in 12-month cumulative mortal-

HCI score

ity, from 39% (95%CI 31-48) for patients with HCI
= 0, to 9% (95%CI 6-13) for those with HCI
=4 (P < 0.0001; Figure 3). When the HCI score was
incorporated into unadjusted Cox models of death
within 12 months of TB diagnosis, a 38% decrease in
mortality for each unit increase in HCI score was ob-
served (RH 0.62,95%CI 0.56-0.70, P < 0.0001; Ta-
ble 3). This association remained significant (RH
0.73, 95%CI 0.64-0.84) after adjustment for other
factors that could potentially affect the prognosis of
TB-HIV patients (sex, CD4 cell count at TB diag-
nosis, previous TB or AIDS diagnosis, rifamycin resis-
tance and site of TB; Table 3). However, despite the
significant predictive value of the HCI score, patients
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Figure 3 Kaplan-Meier probability of death in patients stratified according to
their HCl score. HCI = health care index; TB = tuberculosis.
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Table 3 Univariable and multivariable* RH of death within 12 months of TB diagnosis

Multivariable
Univariable Not including HCI score Including HCI score
RH (95%Cl) P value RH (95%Cl) P value RH (95%Cl) P value
HCl score (per 1 unit increase) 0.62 (0.56-0.70)  <0.0001 0.73 (0.64-0.84) <0.0001
Region
Eastern Europe 1.00 1.00 1.00
Southern Europe 0.14(0.07-0.28)  <0.0001  0.13(0.06-0.25) <0.0001  0.19 (0.09-0.39) <0.0001
Central/Northern Europe 0.16 (0.08-0.32)  <0.0001 0.17(0.08-0.35) <0.0001  0.27 (0.13-0.58) 0.0007
Argentina 0.28 (0.14-0.54) 0.0002 0.22(0.11-0.45)  <0.0001  0.31(0.25-0.64) 0.0015
Sensitivity analyses
Patient with pan-susceptible TB
(n =337) 0.70 (0.50-0.97)  <0.032 0.73 (0.50-1.07) 0.10
Injection drug users (n = 521) 0.69 (0.60-0.80)  <0.0001 0.76 (0.66-0.87) 0.0004
Patients from Eastern Europe
(n =573) 0.76 (0.67-0.87)  <0.0001 0.73 (0.64-0.84) <0.0001
Only including TB- and
AlIDS-related deaths 0.83(0.73-0.94) 0.0044 0.85 (0.73-0.99) 0.042
Score
0 1.00 1.00
1 0.70 (0.45-1.10) 0.12 0.55 (0.35-0.86) 0.0082
2 0.50 (0.33-0.76) 0.0010 0.57 (0.38-0.85) 0.0064
3 0.33(0.21-0.50)  <0.0001 0.40 (0.25-0.63) 0.0001
=4 0.09 (0.05-0.19)  <0.0001 0.28 (0.16-0.49) <0.0001

*Multivariable model adjusted also for sex, CD4 cell count at TB diagnosis (< or > 200 cellsymm3), previous AIDS, previous diagnosis of TB, presence of
Mycobacterium strains resistant to at least a rifamycin, location of TB (pulmonary, extra-pulmonary, disseminated).
RH = relative hazard; TB = tuberculosis; Cl = confidence interval; HCI = health care index; AIDS = acquired immune-deficiency syndrome.

from Eastern Europe remained at an approximately
three-fold increased risk of death compared with the
other regions, after adjustment for HCI score.

Sensitivity analyses

A number of sensitivity analyses were performed (Ta-
ble 3) to test the performance of the score in various
subpopulations. Overall, the results of these analyses
were consistent with the main finding that the HCI
score was a significant predictor of 1-year mortality
in TB-HIV patients. For example, when restricting the
analysis to IDU patients (n = 521) or patients from
Eastern Europe (z = 573), a 1-unit increase in HCI
score was associated with respectively 24% and 27%
decreases in mortality. In analysis restricted to pa-
tients with pan-susceptible TB (7 = 337), a 1-unit in-
crease in HCI score was associated with a 27% de-
crease in mortality, although this was insignificant in
the multivariable model, likely due to the small sam-
ple size. Furthermore, when restricting endpoints to
only TB- and AIDS-related deaths (excluding deaths
from any other causes), a 1-unit increase in HCI score
reduced mortality by 15%. Finally, when the HCI
score was included in the model as a categorical vari-
able, 1-year mortality was 45% lower in patients
with an HCI score of 1 and 72% lower in those with
HCI scores of 4/5 compared with patients with an
HCI score of 0 (Table 3).

DISCUSSION

In this study, we assessed and compared health care
utilisation for TB-HIV patients by using a number of

health care parameters. These parameters were fur-
ther used to generate an HCI score as a measure of
health care utilisation. The final HCI score, which
was based on the use of TB DST, RHZ-based anti-
tuberculosis treatment and early cART, was predic-
tive of mortality in TB-HIV patients: a 1-unit increase
was independently associated with a 27% reduced
risk of death within the first year of TB diagnosis.
However, the observed regional differences in mortal-
ity among TB-HIV patients in Europe and Argentina
were only partly explained by differences in health
care utilisation. While implementation of the health
care parameters included in the HCI score would be
a priority to improve patient outcome, further re-
search is required to explain the profound regional
differences in HIV and TB outcomes and propose ad-
ditional measures to harmonise these outcomes.

The HCI score presented here can be implemented
and used for two main purposes: evaluating and com-
paring health care utilisation for TB-HIV patients, and
predicting patients’ prognosis. It can be implemented
and assessed by health care authorities at various lev-
els, from a single clinic to programme, country and
region. Further, it can contribute to the establishment
of a benchmark of health care utilisation for TB-HIV
patients by identifying a best performing facility. The
advantage of this HCI score is that it includes a set of
three simple, widely used diagnostic and treatment
procedures, which should be available in both high-
and low-income settings. Our HCI score is based on
health care parameters that have previously been
found to be independently associated with the out-
come of TB-HIV patients.56:12 The predictive value of
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the HCI score remained highly significant when the
model was adjusted for other factors that might play
a role in patient outcome (Table 3), suggesting that
this association is not a result of confounding.

Optimal management of TB includes early case
detection and initiation of effective anti-tuberculosis
treatment. Increased frequency of sputum smear neg-
ativity in HIV patients requires culture, which has
been shown to be more sensitive in TB-HIV pa-
tients.!3:14 Culture and DST are essential in TB diag-
nosis to ensure that effective treatment is adminis-
tered, particularly in settings with high MDR-TB
prevalence.!3:1¢ Conventional culture and DST are dis-
advantaged by the need for sophisticated laboratory
equipment and long incubation time. Early detection
of resistant M. tuberculosis strains is critical, particu-
larly in high MDR-TB prevalent settings, to adjust
treatment regimens and prevent transmission of drug-
resistant strains. There is thus a critical need for the
diagnosis of TB to be more rapid and reliable and
less costly than is currently the case in many resource-
limited settings.17-1? Rapid tests for simultaneous mo-
lecular detection of M. tuberculosis and drug-resistant
strains should be widely implemented and used.!”

As approximately 50% of our patients had dis-
seminated TB, relying solely on sputum samples may
not be sufficient to make a definite TB diagnosis, and
culture or molecular diagnostics of lymph node aspi-
rates, blood or bone marrow may need to be more
widely undertaken to obtain M. tuberculosis isolates
for DST, thus fulfilling this HCI component.20.21

Successful outcome of anti-tuberculosis treatment
relies on a treatment regimen of high-quality drugs to
which the M. tuberculosis isolate is susceptible, given
at the correct dose and for a sufficient duration.!-21
The WHO recommends that empiric anti-tuberculosis
treatment should include at least a rifamycin, INH
and PZA (i.e., RHZ-based), with the addition of 2-3
second-line anti-tuberculosis drugs if resistance is sus-
pected.22 When the DST results become available, the
regimen should be adjusted accordingly. In our study,
the use of RHZ-based regimens as initial TB treat-
ment and outcome were strongly correlated, even after
adjustment for region of residence.6® While this may
reflect clinicians’ decisions to avoid RHZ in patients
with poor outcome, such as those with significant liver
injury (i.e., hepatitis C virus co-infected),?3 universal
implementation of RHZ-based regimens to treat TB-
HIV in Eastern Europe is an inexpensive measure to
improve patient outcome. More importantly, if
second-line anti-tuberculosis drugs are added while
awaiting the DST results, amplification of TB drug
resistance in partially resistant M. tuberculosis isolates
may be avoided and transmission of drug-resistant
TB reduced. Further research is needed to investigate
underlying reasons for not initiating RHZ-based
treatment in Eastern Europe.

Three recent studies have addressed the timing of

cART in TB-HIV patients.24+27 Both studies provided
evidence for early cART initiation in patients with
CD4 cell counts < 50 cells/mm3. In addition, the SAPiT
(Starting ART at 3 Points in TB) study showed benefit
from cART use during treatment rather than deferral
until completion of anti-tuberculosis treatment, even
in patients with CD4 cell counts > 200 cells/mm3.
We observed that few patients were receiving cART
before TB diagnosis or up to 1 month after TB diag-
nosis, irrespective of region of residence, and many of
our patients did not commence cART during anti-
tuberculosis treatment. Our HCI model suggests that
there are benefits from early cART use in TB-HIV pa-
tients, which is consistent with the results of the
above clinical trials and provides support for the no-
tion that all TB-HIV patients should start cART while
still receiving anti-tuberculosis treatment. For most
patients, cART may be safely deferred until the end
of the intensive phase of anti-tuberculosis treatment,
although patients with low CD4 cell counts or other
evidence of immunosuppression, and possibly those
infected with MDR-TB, should start cART at the ear-
liest opportunity (i.e., within 2 weeks of starting anti-
tuberculosis treatment).2526 In Eastern Europe espe-
cially, this will require improved access to cART for
marginal population groups (i.e., IDUs, prisoners, al-
cohol addicts, etc.) and adherence support for those
who start cART.28 Finally, when making the decision
to initiate cART in TB-HIV patients, the benefits and
risks should be carefully weighed for each individual
patient, considering the potential toxicities and drug-
drug interactions, the probability of immune reconsti-
tution inflammatory syndrome, adherence issues, etc.
There are some limitations to this study. Due to
the retrospective design, some data could have been
missed or were not available for collection. To ensure
the completeness of data collection, an extensive
quality assurance programme was performed, which
included queries to the sites and monitoring visits.
We were able to define the HCI score using variables
measured within the study; however, there may be
other variables that we were not able to capture. Al-
though we included health care parameters known to
be associated with patient outcome,5612 other fac-
tors, including prevalence of primary MDR-TB, use
of second-line anti-tuberculosis drugs, presence of in-
tegrated HIV and TB services, etc., may affect out-
comes. Future studies designed around these factors
are needed to enable measures to be identified that
may further improve TB-HIV outcomes, particularly
in Eastern Europe. Experience from South Africa has
shown that integration of HIV and TB services helps
to improve patient management, and thus survival.2?
Health care infrastructure differs in Eastern Europe,
and is characterised by separate management of HIV
and TB in different hospitals by different specialists,
where collaboration and data exchange may not be
well developed. A sensitivity analysis including only
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patients from Eastern Europe showed results consis-
tent with the main analysis: a higher HCI score was
associated with improved survival. The HCI score
also did not change when the models were stratified
by an individual centre or country (data not shown).
The HCI score needs to be validated in independent
cohorts of TB-HIV patients in Europe and elsewhere,
including low-income countries. Validation of the
HCI score is also planned in a prospective extension
of the TB-HIV study, which has now been initiated
(http://www.cphiv.dk).

Based on our HCI score, and in line with previous
publications, TB-HIV programmes in the developing
world are encouraged to implement DST, standard
anti-tuberculosis treatment and early cART initiation
in TB-HIV patients.30 The HCI score presented here
may serve as a tool to predict the benefits of such in-
terventions. Further refinement of the health care pa-
rameters, for example by adding additional compo-
nents, such as TB-HIV service integration, duration
of anti-tuberculosis treatment, treatment changes ac-
cording to DST patterns, use of directly observed treat-
ment, use of cotrimoxazole prophylaxis and treat-
ment adherence, may enhance its clinical usefulness.

CONCLUSIONS

We have developed an HCI score that reflects health
care utilisation in TB-HIV patients and predicts out-
come. The HCI is easy to apply in both high- and
low-income settings and, if validated in other popula-
tions, may assist in the planning of programmatic in-
terventions. Our results suggest that the outcome of
TB-HIV patients may be improved by implementing
several simple measures, including M. tuberculosis
DST, use of RHZ-based anti-tuberculosis treatment
and early use of cART.
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RESUME

OBJECTIFS : Evaluer I'utilisation des soins de santé chez
les patients co-infectés par le virus de 'immunodéficience
humaine et la tuberculose (TB-HIV) et élaborer un score
d’index pondéré de soins de santé (HCI) basé sur les in-
terventions couramment utilisées, et le comparer avec
les résultats chez les patients.

METHODES : On a enrdlé dans ’étude TB-HIV 1061
patients VIH ou le diagnostic de TB a été porté entre
janvier 2004 et décembre 2006. Ces patients provenaient
de quatre régions : Europe Centrale et du Nord, Europe
du Sud, Europe de I’Est et Argentine. Un score pondéré
HCI (limite 0,5) a été établi en se basant sur les facteurs
indépendants de pronostic identifiés dans les modeéles
multivariés de Cox ; le score final a comporté les perfor-
mances dans les tests de sensibilité aux médicaments anti-
tuberculeux (DST), un régime TB initial comportant
une rifamycine, I’isoniazide et le pyrazinamide ainsi que
la mise en route du traitement antirétroviral combiné
(cART).

RESULTATS : Le score HCI moyen est le plus élevé en
Europe centrale et du Nord (3,2 ; IC95% 3,1-3,3) et le
plus bas en Europe de I’Est (1,6 ; IC95% 1,5-1,7). La
probabilité cumulative de décés un an aprés le diagno-
stic de TB est passée de 39% (IC95% 31-48) parmi les
patients dont le score HCI est de zéro, a 9% (IC95% 6-
13) chez ceux dont le score est =4. Dans un modéle
ajusté de Cox, ’augmentation d’une unité dans le score
HCI est en association avec une réduction de 27% de la
mortalité (RH 0,73 ; IC95% 0,64-0,84).

CONCLUSIONS : Nos résultats suggérent que le DST, un
traitement standard antituberculeux et un cART pré-
coce peuvent améliorer les résultats chez les patients
TB-HIV. Le score HCI proposé constitue un outil pour
des recherches ultérieures et la prise en charge du suivi
des patients TB-HIV. Le score HCI le plus élevé peut
servir de référence pour évaluer la qualité de la prise en
charge du TB-HIV et encourager une amélioration con-
tinue des soins de santé.

RESUMEN

OBJETIVOS: Analizar la utilizacion de los servicios de
atencion de salud por parte de los pacientes coinfecta-
dos por el virus de la inmunodeficiencia humana y la tu-
berculosis (TB-HIV) y establecir un indice ponderado
de atencidon sanitaria (HCI), con base en las interven-
ciones frecuentes y en funcién del desenlace clinico de
los pacientes.

METODOS: Entre enero del 2004 y diciembre del 2006,
participaron en el estudio sobre TB-HIV 1061 pacientes
tuberculosos provenientes de las siguientes regiones: Eu-
ropa central y del norte, Europa del sur, Europa del este y
Argentina. Se estableci6 un HCI (entre 0 y 5), con base en
los factores pronosticos independientes definidos por los
modelos multifactoriales de Cox; en la puntuacion final
intervinieron los siguientes elementos: el rendimiento di-
agnostico de las pruebas de sensibilidad (DST) a los me-
dicamentos antituberculosos, el régimen terapéutico ini-
cial con una rifamicina, isoniazida y pirazinamida y el
comienzo de un tratamiento antirretrovirico combinado
(cART).

RESULTADOS: El promedio del HCI fue mas alto en Eu-

ropa central y del norte (3,2; IC95% 3,1-3,3) y mas
bajo en Europa del este (1,6; IC95% 1,5-1,7). La mor-
talidad acumulada en un afio a partir del diagnéstico de
TB disminuy6 de 39% (de 31% a 48%) en los pacientes
con HCI = 0, hasta 9% (IC95% de 6% a 13%) en los
pacientes con una puntuacién = 4. En un modelo de Cox
ajustado, cada incremento de una unidad en la puntu-
acion del HCI se asoci6 con una disminucion de 27% de
la mortalidad (RH 0,73; IC95% 0,64-0,84).
CONCLUSION: Estos resultados indican que la DST, un
régimen normalizado de tratamiento antituberculoso y
el comienzo temprano del cART podrian mejorar el de-
senlace clinico de los pacientes coinfectados por el TB-
HIV. La escala que se propone del HCI ofrece una herra-
mienta a las investigaciones futuras y a la supervision
del manejo de los pacientes que sufren esta coinfeccion.
La puntuacion mas alta en la escala podria servir como
el criterio de referencia en la evaluacion del tratamiento
de la coinfeccion por el TB-HIV, que estimule el mejora-
miento continuo de la atencion de salud.
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