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Abstract

Background: Few data is available in low-burden TB-HIV countries on TB
treatment outcomes. We evaluated TB patients (pts) characteristics by HIV
status and compared treatment outcomes in relation to HIV status, CD4 count
and antiretroviral therapy (ART). Methods: We performed a retrospective
analysis of 447 adult TB pts who registered and initiated treatment in our
center from 2014 to 2015. Results: Pts were categorized as HIV-negative (n =
399, 89.3%), HIV-positive on ART (n = 42, 9.4%) and HIV-positive not on
ART (n = 6, 1.3%). The proportion of pts with extended TB therapy was
higher among HIV-positive pts (p = 0.03). Increased age was associated with
higher death rates regarding treatment success (OR 1.08; 95% CI 1.01 - 1.17, p =
0.03). Statistically significant higher mortality was found among HIV-positive
pts on ART (OR 9.93; 95% CI 1.36 - 72.37, p = 0.03) and HIV-positive pts not
on ART (OR 397.00; 95% CI 44.27 to 3559.91, p < 0.0001) compared to
HIV-negative pts. When multivariate analyses were restricted to HIV-positive
pts, being not on ART was associated with higher mortality (OR 40.0; 95% CI
4.37 - 365.78, p = 0.001). Conclusions: There was significant difference in
death rates between HIV-positive and HIV-negative TB pts. HIV-positive pts
not on ART had a significantly higher mortality.
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1. Introduction

Tuberculosis (TB) is an international health problem, with an estimated 6.3 mil-

lion new TB cases and 1.3 million deaths in 2016 [1], and has been acknowl-
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edged as one of the leading causes of death among human immunodeficiency
virus (HIV)-infected patients [2]. In 2016, the majority of the estimated TB cases
occurred in Asia (45%) and the World Health Organization (WHO) African Re-
gion (25%). Less significant number of TB cases happened in the Eastern Medi-
terranean Region (7%), European Region (3%) and Americas Region (3%) [1].
In recent years, there has been a decline in the incidence of TB in Portugal,
reaching the 20/100,000 population threshold in 2014. Additionally, there was
also a decrease in the reported number of new HIV infection cases. The decline
in TB incidence stands at 18/100,000 inhabitants in 2016 [3]. Compared to
HIV-negative patients, HIV-positive TB patients can be more challenging to TB
centers. TB-HIV co-infection poses more difficulties in the management of both
diseases that may result in adherence decrease due to immune reconstitution in-
flammatory syndrome, high tablet problem with drug interactions and chal-
lenging toxicity profiles [4]. To reach the ideal approach, patients need standar-
dized anti-tuberculosis treatment, while HIV-positive TB patients requisite addi-
tional antiretroviral treatment (ART). Furthermore, HIV-positive TB patients
are more likely to be infectious for longer and to have diagnostic postponements
due to the disease atypical presentation, resulting in poorer TB treatment out-
comes [5] [6]. It is recognised that initiation of ART earlier in HIV infection
improves outcomes, and international guidelines have been updated to reflect
this. Data suggest that early TB treatment in HIV-infected people reduces mor-
bidity and mortality, and appropriate treatment regimens are often successful
[1].

HIV infection may severely influence TB treatment outcomes. Several studies
with mixed results from high-burden TB countries have considered the impact
of HIV infection on TB treatment outcomes. However, few data is available in
low-burden TB-HIV countries. In high-burden TB/HIV settings, some studies
have revealed worse TB treatment outcomes in HIV-positive TB patients when
paralleled to HIV-negative TB patients [7]-[12], while other data established that
TB treatment outcomes did not diverge between the two groups [13] [14]. Since
the initiation of ART, it has been progressively recognized that HIV-positive TB
patients are a heterogeneous group, and TB mortality during TB treatment will
diverge between HIV-positive TB patients on ART and those not on ART. To
date, few data are available in low-burden TB-HIV countries on TB mortality in
HIV-positive TB patients on ART, and HIV-positive TB patients not on ART
comparative to HIV-negative TB patients. In order to guarantee resources
availability for TB and HIV management, it is imperative that countries monitor
for co-infection in order to diagnose, treat and prevent TB-HIV co-infection,
thus decreasing TB burden and increasing the quality of life of people living with
HIV.

The aim of the study, therefore, was to evaluate TB patients’ characteristics by
HIV status and compare TB treatment outcomes (mortality and success) in rela-
tion to HIV status, CD4 count and ART in HIV-positive patients on ART, and
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HIV-positive patients not on ART compared to HIV-negative TB patients at-
tending a Pulmonary Diagnostic Center in Lisbon, Portugal. Additionally, we
aimed to study the impact of ART status and CD4 status on TB treatment out-
comes among HIV-positive TB patients.

2. Materials and Methods
2.1. Population and Design

We performed a retrospective cohort study conducted at the Pulmonology Di-
agnosis Center Dr. Ribeiro Sanches that provides TB diagnosis, treatment and
monitoring to the regional area of Lisbon—the capital city of Portugal. This
center is one of the major public health centers in Portugal that provides service
for people with TB. TB services are fully integrated in this center: medical and
nursery consultations with periodic monitoring and evaluation, the adherence

support and TB treatment dispensed by trained TB nurses.

2.2. Inclusion and Exclusion Criteria

We included all new adult TB patients (aged > 18 years) who registered and in-
itiated TB treatment in our center between 1 January 2014 and 31 December
2015. We excluded 101 patients: 50 patients for whom treatment outcomes were
inconclusive (unknown or transferred out), 44 patients who failed treatment and
7 patients who had not concluded treatment for unsupported diagnosis (Figure
1). All patients had known HIV status, according to the need to screen at least
80% of all TB patients for HIV as proposed by the WHO recommendations.

2.3. Data Collection

Data from the Center registry database were collected and completed by review-

ing patient clinical records and paper-based TB registers. Variables for all patients

All TB patients > 18 years were registered
between January 2014 and December 2015
(n=1548)

Patients excluded from the analysis (n = 101): 50
for whom treatment outcomes were inconclusive
(unknown or transferred out), 44 who failed [

treatment and 7 who had not concluded treatment

for unsupported diagnosis

HIV-negative (n=399) HIV-positive on ART (n=42) HIV-positive on ART (n=6)

Figure 1. Flow diagram showing the HIV status and uptake of antiretroviral treatment for new TB patients

> 18 years who were registered between January 2014 and December 2015.
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meeting the inclusion criteria were obtained and included TB registration num-
ber, registration date, age, gender, place of residence, education, smoking beha-
vior, TB presentation, HIV status, CD4 count at TB diagnosis, ART status, TB
treatment outcome and TB treatment duration. Patient information was anony-
mized and de-identified preceding the analysis. Ethical approval for anonymized

data collection was waived because of the retrospective nature of the study.

2.4. Outcome Measures and Definitions

We used internationally recommended definitions for TB treatment outcomes,
namely cured, treatment completed and death [15]. Cure was defined as the oc-
currence of a negative sputum smear at the last month of treatment and at least
on one additional occasion during the TB treatment. Treatment completion was
defined as completed TB treatment, but for whom smear examination results
were not complete to categorize the patient as cured; or based on clinical, radio-
logical and complementary examination criteria in patients that did not produce
sputum for a smear examination. Treatment success referred to patients “cured”
and with “treatment completed”. Death was considered all-cause mortality after

TB diagnosis and previously to the end of TB treatment.

2.5. Anti-Tuberculosis and Antiretroviral Treatment

Standardized anti-tuberculosis treatment for new adult TB cases was a four-drug
regimen of isoniazid, rifampicin, pyrazinamide and ethambutol during the two
initial months (“intensive phase”) followed by isoniazid and rifampicin during at
least four months (“continuation phase”) [16]. Antiretroviral therapy was ac-
cessible to HIV-positive patients not on ART according to the European and
Portuguese ART guidelines [17] [18].

2.6. Statistical Analysis

Patient characteristics were organized by HIV and ART status (categorized as
HIV-positive on ART, HIV-positive not on ART and HIV-negative). In order to
compare categorical variables, chi-square test or Fisher’s exact test were used. To
compare the distribution of continuous variables, the Kruskal-Wallis test or
Wilcoxon rank-sum were used. Multinomial logistic regression models were
used to study the effects of HIV status, CD4 count and ART status on TB treat-
ment outcome. In the multinomial logistic regression analysis, “treatment suc-
cess” was the reference category for the dependent variable, being compared
with the other category (death versus treatment success). Independent variables
were as follows: age (continuous); gender (male or female); place of residence
(rural or urban); education (none or any degree of education), type of TB
(smear-negative pulmonary tuberculosis, smear-positive pulmonary tuberculosis
or extra-pulmonary tuberculosis); CD4 count at the time of diagnosis (<200,
200 - 349, 350 - 499 or =500 cells/ uL); HIV status (HIV-positive on ART,
HIV-positive not on ART or HIV-negative) and ART status (HIV-positive on
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ART or HIV-positive not on ART). All analyses were performed using statistical
package of social sciences (SPSS) version 20.0 (SPSS Inc., Chicago, IL, USA) and
the level of significance was p-value < 0.05. 95% confidence intervals were also

calculated.

3. Results

A total of 548 new TB patients aged > 18 years old were registered between Jan-
uary 2014 and December 2015 (Figure 1). The new TB patients (n = 101) for
whom TB treatment completion status was inconclusive (unknown or trans-
ferred out) or who failed TB treatment were exclude (Figure 1). The patient co-
hort was then formed by 447 patients. HIV status in this sample was classified as
HIV-negative, in 399 patients (89.3%) and HIV-positive, in 48 patients (10.7%).
HIV-positive on ART, in 42 patients (9.4%) and HIV-positive not on ART, in 6
patients (1.3%) (Table 1).

The proportion of male patients was higher in all groups (p = 0.003; Table 1).
The proportion of patients with smear-positive TB was higher among HIV-positive
not on ART (p = 0.005). No significant differences were established in age, place
of residence, education or smoking behavior for each category. The death rate
was higher in HIV-positive not on ART compared to the other groups (p <
0.001) (Table 1). Among HIV-positive TB patients (n = 48), the median CD4
count was higher in patients HIV-positive on ART than HIV-positive not on
ART (Table 1). The proportion of patients who had extended TB therapy was
higher among HIV-positive patients (p = 0.03). Only 6 patients (12.5%) of
HIV-positive TB patients eligible for ART did not initiate ART during their TB
treatment (Figure 1).

In Table 2 are presented the results of multinomial logistic regression analysis

Table 1. Patients characteristics by HIV status among 447 new TB patients > 18 years
who were registered between January 2014 and December 2015.

HIV-positive HIV-positive

Total HIV- ti
o Te8AUVE  on ART noton ART p-value

N (%) N (%)

N (%) N (%)
Age, mean * SD (range) 51.7 £ 19.0 52.4+19.0 46.2+19.2 50.5+ 19.1 0.20
(18 - 96) (18 - 96) (22 - 68) (33 - 64)
Gender
Male 271 (60.6) 231 (57.9) 35 (83.3) 5(83.3)
Female 176 (39.4) 168 (42.1) 7 (16.7) 1(16.7) 0.003

Place of residence

Rural 103 (23.0) 93 (23.3) 9 (21.4) 1(16.7) 0.90
Urban 344 (77.0) 306 (76.7) 33 (78.6) 5(83.3)
Education
None 13 (2.9) 10 (2.5) 2(4.8) 1(16.7) 0.09
Any degree of education 434 (97.1) 389 (97.5) 40 (95.2) 5(83.3)

Smoking behaviour
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Continued

Non-smoker
Previous smoker
Active smoker
Type of TB
Smear-positive TB
Smear-negative TB
EPTB
CD4 count, cells/puL

Meanz SD (range)

<200
200 - 349
350 - 499
=500
TB treatment outcome
Sucess®
Died
TB treatment duration
Prolonged treatment
Standard treatment

Total

218 (48.8) 203 (50.9)
167 (37.4) 145 (36.3)
62 (13.9) 51 (12.8)
76 (17.0) 62 (15.5)
217 (48.5) 200 (50.1)
154 (34.5) 137 (34.3)
283.35 + 176.68 -
(11 - 741)
22 (45.8) -
11 (22.9) -
6 (12.5) -

9 (18.9) -
439(982) 397 (99.5)
8 (1.8) 2(0.5)
45 (10.1) 35 (8.8)
402 (89.9) 364 (91.2)
447 (100) 399 (89.3)

13 (31.0)
19 (45.2)
10 (23.8)

10 (23.8)
15 (35.7)
17 (40.5)

2(33.3) 0.10
3 (50.0)
1(16.7)

4(66.7)
2(33.3) 0.005

0

308.12 £ 178.85 118.23 +184.76

(11 - 741)

17 (40.5)
11 (26.2)
5(11.9)
9(21.4)

40 (95.2)
2(4.8)

9(21.4)
33 (78.6)
42 (9.4)

(49 - 464)
5(83.3)

0.17
1(16.7)

2(33.3)
<0.001
4 (66.7)

1(16.7)
0.03
5(83.3)

6(1.3) -

EPTB extra-pulmonary tuberculosis; Percentages may not add up to 100 due to rounding; “Defined as cured

and treatment completed.

Table 2. Multinomial logistic regression of factors associated with treatment outcomes in

new TB patients.

Died vs. Success

Unadjusted OR (95 % CI)

Died vs. Success
Adjusted OR (95 % CI)*

Age, years
Gender
Male
Female
Type of TB
EPTB
Smear-negative TB
Smear-positive TB
HIV status
HIV-negative

HIV-positive on ART

HIV-positive not on ART

1.02 (0.99 to 1.06)

Ref.

0.22 (0.03 to 1.77)

Ref.
3.61 (0.42 to 31.20)

4.14 (0.37 to 46.34)

Ref.

9.93 (1.36 to 72.37)*

397.00 (44.27 to 3559.91)**

1.08 (1.01 to 1.17)***

Ref.

1.80 (0.18 to 18.30)

Ref.

3.65 (0.37 to 35.90)

0.57 (0.003 to 84.11)

Ref.

22.55 (1.54 to 330.40)***

15,393.83 (46.26 to 5,122,479.70)****

Ref. reference, EPTB extra-pulmonary tuberculosis, OR odds ratio, 95% CI, 95% confidence intervals; *p =
0.02, **p < 0.0001, ***p = 0.03, ****p = 0.001; "Adjusted for age, gender, type of TB and HIV status.
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of the factors associated with treatment outcomes in new TB patients. The odds
ratio (OR) for death in relation to treatment success was found to be significant-
ly higher in patients HIV positive on ART (unadjusted OR 9.93; 95% confidence
interval (CI) 1.36 - 72.37) and HIV positive not on ART (unadjusted OR 397.00;
95% confidence interval (CI) 44.27 to 3559.91) than in those HIV-negative. In
the multinomial logistic regression analysis adjusting for age, gender, type of TB,
and the effects of HIV status on the outcome of treatment were almost similar to
those observed in the unadjusted multinomial logistic regression. Increased age
was additionally associated with higher death rates regarding treatment success
(adjusted OR 1.08; 95% CI 1.01 - 1.17).

The results of the multinomial regression analysis of the factors associated
with treatment outcomes in HIV-positive TB patients showed that the OR for
death concerning to treatment success was higher in patients HIV-positive not
on ART (unadjusted OR 40.00; 95% CI 4.37 to 365.77) than in HIV-positive pa-
tients on ART. In the multinomial logistic regression analysis adjusting for age,
gender, type of TB, CD4" cell count, and the effects of HIV positive status on
ART and not on ART on the outcome of treatment were comparable to those

observed in the unadjusted multinomial logistic regression.

4. Discussion

This study evaluated the impact of HIV, CD4 cell count and ART status on TB
treatment outcomes in 447 new TB patients. Death rates were considerably
higher in HIV-positive patients on ART and HIV-positive patients not on ART
than in HIV-negative patients. Our study has some conflicting results when
compared to some data from high-burden TB/HIV countries. A study among
patients accessing an integrated TB and ART service in South Africa showed no
differences in death rates between HIV-positive TB patients on ART and
HIV-negative TB patients, but similar results to ours when comparing HIV-positive
patients not on ART to HIV-negative patients concerning death rates [19]. This
discrepancy is probable connected to the dissimilar prevalence of other diseases
between different populations, differences in institutional tasks and patient’s se-
lection criteria. ART during a TB treatment event significantly improve mortali-
ty rates for the HIV-positive TB patients. Our data evidently designate that ART
uptake should be upgraded with an improved follow-up of patients with
HIV-associated TB. Our study result that throughout a TB treatment ART up-
take was significantly associated with improved mortality rates, is comparable to
studies with patients using acombined TB and ART service in high-burden
countries [11] [12] [13]. In our study, we did not find an impact of CD4 cell
counts on mortality. Several studies from Africa [20] [21] [22] [23], established
that higher CD4 cell counts (=200 cells/uL) were related with reduced mortality,
suggesting that patients with CD4 counts < 200 cells/uL should be rapidly out-
lined for ART. The highlight of this study is that it provides an understanding of
HIV, ART status and CD4 cell count impact on TB treatment outcomes among
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new TB patients in a low-burden country. The study findings, are useful to im-
prove TB treatment outcomes among new patients with HI'V-associated TB.

In this study, type of TB was not significantly associated with TB treatment
outcomes in new TB patients and in the subgroup of HIV-positive TB patients.
Previous studies from high-burden countries, revealed that comparing to
smear-positive TB patients, the odds of mortality were 4 times higher for
smear-negative patients and 2.7 times higher for extrapulmonary patients [24].
Additionally, current literature also showed a higher prevalence of HIV in pa-
tients with smear-negative pulmonary TB and extrapulmonary TB. TB diagnosis
challenges and the resulting postponement in treatment initiation may result in
higher mortality among smear-negative pulmonary TB and extrapulmonary TB
patients [25].

Despite medical progress, numerous key challenges to TB-HIV co-infection
control remain, as this potentially deadly combination remains relevant in Por-
tugal and WHO European Region. Improved development of collaborative
structures and mechanisms for the integrated TB-HIV care may facilitate the de-
livery of treatment to TB-HIV patients. Additionally, all HIV patients should
have access to integrated, patient-centred and preventive TB strategies and sup-
porting systems. Increased research and innovation is also needed in this area.

Most of the evidence supporting these findings has arisen from retrospective
and single-center studies. Our study has several potential limitations. First, our
analysis was retrospective in nature. Second, we evaluated patients treated at a
single institution, not reflecting approaches at other medical centers and was
carried out in a dedicated operational unit, with the cooperation of skilled per-
sonnel. Additionally, we used only routinely collected data that without detailed
patients HIV-RNA viral loads and antiretroviral treatment histories of patients
already on ART at the time of TB diagnosis (clinical immunological or virologi-
cal treatment failure and antiretroviral resistance). Consequently, the study
could not search these factors impact on TB treatment outcomes. A prospective

and multicentric study is required to validate our results.

5. Conclusion

In conclusion, this study showed that there was significant difference in death
rates between HIV-positive and HIV-negative TB patients. HIV-positive pa-
tients not on ART had a significantly higher mortality. These findings strain the
need for an intervention aimed at preventing TB-HIV co-infection and improv-
ing ART uptake. Further research is needed into the burden and associated risk
factors of co-infection in Europe, to help plan effective control measures. In-
creased HIV testing of TB patients and targeted and informed strategies for con-

trol and prevention could help curb the co-infection epidemic.
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