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Abstract

Background

Respiratory manifestations of HIV disease differ globally due to differences in current avail-

ability of effective highly active antiretroviral therapy (HAART) programs and epidemiology

of infectious diseases.

Objective

To describe the association between HAART and discharge diagnosis and all-cause in-

hospital mortality among hospitalized patients with infectious respiratory disease and HIV/

AIDS.

Material and Methods

We retrospectively reviewed the records of patients hospitalized at a specialty hospital for

respiratory diseases in Mexico City between January 1st, 2010 and December 31st, 2011.

We included patients whose discharge diagnosis included HIV or AIDS and at least one

infectious respiratory diagnosis. The information source was the clinical chart. We ana-

lyzed the association between HAART for 180 days or more and type of respiratory dis-

ease using polytomous logistic regression and all-cause hospital mortality by multiple

logistic regressions.
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Results

We studied 308 patients, of whom 206 (66.9%) had been diagnosed with HIV infection

before admission to the hospital. The CD4+ lymphocyte median count was 68 cells/mm3

[interquartile range (IQR): 30–150]. Seventy-five (24.4%) cases had received HAART for

more than 180 days. Pneumocystis jirovecii pneumonia (PJP) (n = 142), tuberculosis (n =

63), and bacterial community-acquired pneumonia (n = 60) were the most frequent dis-

charge diagnoses. Receiving HAART for more than 180 days was associated with a lower

probability of PJP [Adjusted odd ratio (aOR): 0.245, 95% Confidence Interval (CI): 0.08–0.8,

p = 0.02], adjusted for sociodemographic and clinical covariates. HAART was indepen-

dently associated with reduced odds (aOR 0.214, 95% CI 0.06–0.75) of all-cause in-hospi-

tal mortality, adjusting for HIV diagnosis previous to hospitalization, age, access to social

security, low socioeconomic level, CD4 cell count, viral load, and discharge diagnoses.

Conclusions

HAART for 180 days or more was associated with 79% decrease in all-cause in-hospital

mortality and lower frequency of PJP as discharge diagnosis. The prevalence of poorly con-

trolled HIV was high, regardless of whether HIV was diagnosed before or during admission.

HIV diagnosis and treatment resources should be improved, and strengthening of HAART

program needs to be promoted.

Introduction
Globally, highly active antiretroviral therapy (HAART) has allowed for improved control of
human immunodeficiency virus (HIV) infection and increased survival of infected individuals,
as it extends virological suppression, promotes immune reconstitution and decreases the inci-
dence of opportunistic infections, hospitalization, and mortality [1–3]. Therefore, a global ini-
tiative to scale up priority HIV/AIDS interventions in the health sector was launched in 2006,
by which the member states agreed to work towards the goal of “universal access to compre-
hensive prevention programs, treatment, care and support” [4].

Concurrent to the benefits of HAART, there is evidence that frequency of HIV-related
respiratory diseases as cause of hospitalization has changed [5]. In high resource settings,
chronic obstructive respiratory disease (COPD), lung cancer, and immune reconstitution syn-
drome and its consequences are presently more frequent. In contrast, in regions where access
to HAART is limited, opportunistic infections continue to rank first [6, 7].

In Mexico, with an estimated HIV prevalence among adults of 0.24% for 2012, all patients
with AIDS or CD4+ cells below 350 cell/mm3 receive HAART paid by the government since
2003, and as of 2012 coverage was reported to be 85% [8]. However, access to HAART is
delayed attributed to late HIV diagnosis due to late testing and to late presentation to care after
diagnosis [9].

The association between HAART and respiratory disease has not been systematically evalu-
ated in low and medium resource settings. Therefore, the objective of this study was to describe
the association between HAART and the type and frequency of respiratory diseases on hospital
discharge and all-cause in-hospital mortality among patients with infectious respiratory disease
and HIV/AIDS.
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Materials and Methods

Design, study setting, and population
The National Institute of Respiratory Diseases is a referral tertiary-care hospital for patients
with respiratory diseases that provides ambulatory and hospital medical care to population
with and without social security, mostly living in Mexico City and surrounding states. We con-
ducted a retrospective review of consecutive hospitalized patients admitted between January
1st, 2010 and December 31st, 2011 whose discharge diagnosis included HIV /AIDS and at least
one respiratory disease.

The information source was the clinical chart. We excluded incomplete clinical charts as
defined by the Official Mexican Standards for clinical charts (NOM-168-SSA1-1998) [10]. Col-
lection of information was conducted through review of patient clinical files by using a chart-
abstraction tool. Chart review was conducted by trained personnel. Incomplete and inaccurate
clinical charts were queried and corrected by one of the authors (AVG) through checking clini-
cal and laboratory records. AVG reviewed laboratory records to identify diagnoses that had not
been recorded in the clinical file and that might have been reported after the patient´s dis-
charge. Data obtained was double checked to ensure quality, completeness, and validity by two
of the authors (AVG and RBS). There were no transfers, departures against medical advice or
discontinuation of care. When a patient had previous hospitalizations, only information from
the last hospitalization was considered.

Criteria for diagnosis
Diagnosis of respiratory diseases was based on standardized diagnosis algorithms considering
clinical manifestations, imaging findings (chest radiography and/or chest computed tomogra-
phy), microbiological, cytological, and histological results, as well as regional epidemiology.
Diagnosis of Pneumocystis jirovecii pneumonia (PJP) was relied on microscopic visualization
of the characteristics cysts or trophic forms on stained bronchoalveolar lavage (BAL) or biopsy
specimens. Cytomegalovirus (CMV) pneumonia, took into account pulmonary interstitial
infiltrates, identification of multiple CMV inclusion bodies in lung tissue biopsy obtained by
bronchoscopy or thoracoscopy, and the absence of other pathogens more commonly associated
with pneumonitis in HIV population. Community-acquired pneumonia was considered in
patients who presented with new pulmonary opacities in a chest radiograph associated with at
least one of the following: new or increased cough, fever or hypothermia, leukocytosis or leuko-
penia, and no history of hospitalization during the two weeks prior to admission. Pathogen iso-
lation and identification in expectorated sputum, BAL, blood culture or pleural effusion
samples was conducted on the basis of clinical and epidemiologic clues. Tuberculosis was diag-
nosed based on the identification of acid-fast bacillus (AFB) and/or positive cultures forMyco-
bacterium tuberculosis in expectorated sputum or BAL samples, or by microorganism
histopathological identification. In paucibacillary or extrapulmonary cases, molecular biology
samples (Gene Xpert) based on DNA amplification forMycobacterium tuberculosis identifica-
tion was used. The diagnosis of pulmonary histoplasmosis was established by direct examina-
tion of BAL samples or lung biopsy specimens, documenting the presence of a histiocyte-rich
inflammatory cell infiltrate with numerous fungi morphologically (yeasts) consistent with his-
toplasmosis and confirmed by cultures and microscopic examination positive for Histoplasma
capsulatum. Pulmonary aspergillosis was relied on the presence of necrotizing pneumonitis
and numerous septate fungal hyphae with Aspergillus fumigatus isolated from a fungal culture
of lung tissue. The diagnosis of pulmonary cryptococcosis was established by initial blood cul-
tures growing yeast within 48 hours of admission, identified as Cyrptococcus neoformans which
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was also isolated from the BAL samples and/or biopsy specimens from transbronchial biopsy.
All lung tissue sections were stained with haematoxylin-eosin (HE) and histochemically
stained with periodic acid-Schiff, mucus card Red, and Grocott’s methenamine silver. Diagno-
sis of neoplasms, such as Kaposi’s sarcoma, non-Hodgkin’s lymphoma, and others, was based
on the histopathology and confirmed immunohistochemistry of bronchial, transbronchial or
open-lung biopsy specimens [11–13].

HIV testing
Following WHO recommendation on provider-initiated HIV testing and counselling for con-
centrated HIV epidemics (HIV prevalence consistently over 5% in at least one defined subpop-
ulation but below 1% in pregnant women in urban areas), HIV testing was offered to patients
who referred HIV risk factors, and to patients whose clinical presentation might result from
underlying HIV infection [14]. The patients were notified orally that testing was planned,
advised of the indication for testing and the implications of positive and negative test results,
and offered an opportunity to ask questions and to decline testing. Individuals must specifically
have declined the HIV test if they did not want it to be performed. An initial enzyme immunos-
say was used to detect HIV antibodies; all positive tests were confirmed by enzyme immunoas-
say and western blot [15].

Exposure variables
Definition of HAART. HART duration of therapy was ascertained from self-report as

described in the clinical chart. Treatment with HAART for 180 days or more was defined when
a patient had received the combination of at least three antiretroviral drugs pertaining to at
least two different classes for 180 days or more when admitted to the hospital. This cutoff point
was selected because it provides enough time to observe the effects of antiretroviral treatment
on the symptoms of the disease [16].

In the case of HIV infected patients who presented with respiratory infection and received a
simultaneous HIV infection diagnosis, HAART was initiated following national guidelines. In
most cases, treatment was started within the first 14 days of antibiotic treatment. In the case of
patients already receiving HAART, the continuation schedule was individualized, although in
general, its administration continued along with specific treatment for the respiratory disease.
In all of the cases, the treatment schedule was administered according to national and interna-
tional standards [17, 18].

Covariates. We extracted the following information from the clinical charts: sociodemo-
graphic (gender, age, age�50 years old, low socioeconomic level, illiteracy and elementary
school, and access to social security), epidemiologic (current smoking; current illegal drug use;
HIV related risk behavior, and clinical (HIV diagnosis previous to admission; time elapsed
between HIV diagnosis and hospital admission [days]; CD4+ cell counts [cells/mm3]; CD4+-
cell count< 200/mm3; viral load [<50 copies/ml or undetectable viral load]; time to respira-
tory disease [time elapsed between the onset of symptoms and hospital admission, days]; and
hospital stay [days]). Socioeconomic level was based on evaluation of family income, occupa-
tion, educational level, number of family members living at the current residence, number of
school-age children in the family, construction material of current residence, ownership of cur-
rent residence, home location (urban or rural), and service availability (electricity, paved roads,
piped-in water, and sewage). This information was investigated by a social worker on patient
admission and graded on a 7-point scale. We defined individuals from low socioeconomic level
as those who were graded points one to three. Current illegal drug use referred to smoking
marijuana and inhaled cocaine. There were no patients referring intravenous drug usage. The
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only HIV related risk behavior was men having sex with men. Given the retrospective design of
the study, we did not have information on treatment adherence. Therefore, we used fully con-
trolled viral replication as indicator of full adherence. Fully controlled viral replication was con-
sidered when viral load was<50 copies/ml or undetectable viral load. Time to respiratory
disease was defined as the time (days) elapsed between the onset of the symptoms and diagno-
sis of respiratory disease.

Outcomes
Discharge diagnoses were classified in six groups: 1) PJP; 2) Bacterial community-acquired
pneumonia; 3) Tuberculosis (pulmonary and disseminated); 4) Other infectious respiratory
diseases caused by a single pathogen; 5) Non-infectious respiratory diseases; and 6) Mixed
(combination of one or more of previous diagnoses in a single patient). Mortality refers to all-
cause in-hospital mortality. Respiratory diagnoses on discharge and causes of death were
coded according to the International Classification of Diseases Tenth Revision (ICD-10) [19].

Data Analysis
We compared characteristics of patients for whom we obtained a complete clinical chart with
those on whom the chart was incomplete or unavailable. We classified discharge diagnoses
according to six groups (PJP; bacterial community-acquired pneumonia; tuberculosis (pulmo-
nary and disseminated); other infectious respiratory diseases, non-infectious respiratory dis-
eases, and mixed). Given that the median age of our study population was 34 years
(Interquartile range [IQR] 29–42) and therefore not at risk for non-infectious respiratory dis-
eases, we excluded this group from bivariate and multivariate analyses. We conducted bivariate
analyses to examine differences between respiratory diagnoses (PJP; bacterial community-
acquired pneumonia; tuberculosis; other infectious respiratory diseases; and mixed); patients
with HIV diagnosis previous to admission as compared to patients who were diagnosed during
hospital stay; and all-cause in-hospital fatalities as compared to surviving patients. Patient
characteristics were compared according to each study group using chi-squared tests for cate-
gorical variables and Kruskal-Wallis test for continuous variables with non-normal distribu-
tion. To investigate the relation between HAART for more than 180 days on respiratory
diagnosis, we used polytomous logistic regression with a five-level outcome variable (PJP,
tuberculosis, bacterial community-acquired pneumonia, other infectious pneumonia [refer-
ence category], and mixed). We calculated adjusted odds ratios (aORs) and 95% confidence
intervals (95% CIs). The saturated polytomous regression model included the following vari-
ables: age>50 years old, low socioeconomic level, access to social security, current smoker, cur-
rent illegal drug user, diagnosis of HIV infection previous to hospitalization, HAART for 180
days or more,< 50 viral copies/ml or undetectable viral load, hospital stay (days), current
smoking and time of respiratory disease (days).We used the Akaike Information Criterion
(AIC) for the final model selection. The model excluded access to social security, hospital stay
and time of the respiratory disease. Effect modification and interaction were evaluated but no
significant effects were identified using the likelihood ratio test, comparing models with and
without multiplicative interaction terms.

For all the study population, for patients who had been diagnosed with HIV infection previ-
ous to admission, and for patients with bacterial community acquired pneumonia association
between HAART for more than 180 days and all-cause in-hospital mortality was investigated
by multivariate unconditional logistic regression. We analysed patients who had been diag-
nosed with HIV infection prior to admission separately to try to separate the effect that knowl-
edge of patients´ HIV status might have on more invasive and informative diagnostic
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approach or better management for their opportunistic infection. Discharge diagnosis was
stratified as a five-level variable (bacterial community-acquired pneumonia; other infectious
diseases; PJ pneumonia; mixed; and tuberculosis [reference category]. The logistic regression
models were validated by evaluating their suitability, model specificity and multicollinearity.
Variables included in the models were those with p-values�0.20 in the bivariate analysis or
with biological plausibility, and covariates were achieved using a hierarchical backward elimi-
nation approach. The variable association was expressed as aOR at 95% CI.

With 54 all-cause in-hospital fatalities and 254 surviving patients, the study had 93.4%
power at a 5% significance level to test the hypothesis that the proportion of patients receiving
HAART for more than 180 days among surviving patients (28.0%) was different from that
among all-cause in-hospital fatalities (7.4%).

All analyses were performed using the STATA 13.1 statistical software package (StataCorp
LP, College Station, TX, USA).

Ethical considerations
This study was approved by the Research Ethical Committee of the National Institute for
Respiratory Diseases (Instituto Nacional de Enfermedades Respiratorias) (approval number
C53-11).

Results
Over the duration of the study, 351 patients with HIV infection or AIDS and at least one respi-
ratory pathology were discharged from the hospital, of whom 91.7% (n = 322) had complete
clinical charts. Patients with incomplete clinical charts (8.3% [29/351]) were not different in
terms of age and gender compared with those cases with complete clinical charts.

Of the 322 patients, 44.1% (n = 142) were diagnosed with PJP; 19.6% (n = 63) with tuberculo-
sis, 18.6% (n = 60) with bacterial community acquired pneumonia; 7.1% (n = 23) with mixed
diagnoses (all combinations including at least one infectious agent); 6.2% (n = 20) with other
infectious respiratory disease different from PJP, tuberculosis or community acquired pneumo-
nia and caused by a single pathogen; and 4.4% (n = 14) with non-infectious diseases. We were
able to isolate a pathogen in 40% (24/60) of patients with bacterial community acquired pneu-
monia: Streptococcus pneumoniae (n = 9); Pseudomonas aeruginosa (n = 7); Staphylococcus
aureus (n = 5); and Klebsiella pneumoniae (n = 3). Discharge diagnoses are detailed in S1 Table.

Given that the median age of the 322 patients was 34 years (IQR 29–42) and therefore not at
risk for non-infectious respiratory diseases, we excluded the group of non-infectious diseases
from further analyses. Therefore our study population is comprised of 308 patients whose dis-
charge diagnoses included at least one infectious disease.

Table 1 shows sociodemographic and clinical characteristics of all patients according to
respiratory diagnosis. Of the 308 patients, the median (interquartile range) age was 34 (29–42)
years, 88.0% were male, most (80.2%) came from low socioeconomic level, and 66.9% had been
diagnosed with HIV infection previous to hospitalization. Sixteen percent of patients referred
current illegal drug use although non referred intravenous drug use. The median (IQR) for
CD4+ lymphocytes was 68 (30–150) cells/mm3, 81.8% with CD4 counts below 200 cells/mm3,
and 18.1% had less than 50 viral copies/ml or undetectable viral load. Twenty-four percent of
cases had received HAART for more than 180 days; of these, 26.7% (n = 20) had fully con-
trolled viral replication. Twelve patients referred having received influenza vaccine; two
patients pneumococcal vaccine, ten patients PJP prophylaxis, and fourteen patients tuberculo-
sis prophylaxis. Seventeen percent of patients died during hospitalization. Comparison of
patient characteristics according to respiratory diagnoses revealed differences for
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socioeconomic level (patients with tuberculosis with the higher proportion of low socioeco-
nomic level); current illegal drug usage (patients with mixed etiologies referring highest pro-
portion of usage); diagnosis of HIV infection previous to hospitalization (patients with
tuberculosis with highest proportion of prior diagnosis); HAART for 180 days or more
(patients with other infectious diseases with the highest proportion); viral loads below 50 cop-
ies/ml or undetectable loads (patients with other infectious diseases with the highest propor-
tion of low viral loads); and death during hospitalization (patients with bacterial community
acquired pneumonia with the highest proportion of mortality).

Table 2 compares characteristics of patients who were diagnosed with HIV previous to hos-
pital admission with those of patients who were HIV diagnosed during hospitalization. Patients
who were diagnosed prior to hospital admission were more likely to be younger, from low
socioeconomic level, to have social security, to have received HAART for 180 days or more, to

Table 1. Characteristics of HIV/AIDS patients in a reference hospital for respiratory diseases in Mexico City, from January 2010 to December 2010,
according to discharge respiratory diagnoses.

Characteristics Total PJ pneumonia Bacterial
community-acquired
pneumonia

Tuberculosis Other infectious
diseases

Mixed p valueb

n/tot (%) n/tot (%) n/tot (%) n/tot (%) n/tot (%) n/tot (%)

Men 271/308 (88) 120/142 (84.5) 56/60 (93.3) 56/63 (88.9) 19/20 (95) 20/23 (87) 0.373

Age, years (median (IQR) 34 (29–42) 33.5(28–41) 35 (32–42.5) 34 (27–43) 35 (30.5–39.5) 35 (30–46) 0.421c

Age �50 years old 35/308 (11.4) 13/142 (9.2) 8/60 (13.3) 8/63 (12.7) 2/20 (10) 4/23 (17.4) 0.755

Low socioeconomic level 247/308 (80.2) 108/142 (76.1) 48/60 (80) 60/63 (95.2) 15/20 (75) 16/23 (69.6) 0.014

Access to Social Security 183/308 (59.4) 94/142 (66.2) 28/60 (46.7) 37/63 (58.7) 13/20 (65) 11/23 (47.8) 0.081

Illiterate and elementary
school

85/308 (27.6) 32/142 (22.5) 20/60 (33.3) 22/63 (34.9) 6/20 (30) 5/23 (21.7) 0.292

Men having sex with men 47/109 (43.1) 19/51 (37.2) 9/18 (50.0) 11/26 (42.3) 3/6 (50.0) 5/8 (62.5) 0.661

Current smoker 113/308 (36.7) 46/142 (32.4) 26/60 (43.3) 23/63 (36.5) 5/20 (25) 13/23 (56.5) 0.119

Current illegal drug user
(marijuana and/or cocaine)

49/308 (15.9) 19/142 (13.4) 5/60 (8.3) 11/63 (17.5) 6/20 (30) 8/23 (34.8) 0.014

Diagnosis of HIV infection
previous to hospitalization

206/308(66.9) 79/142 (55.6) 40/60 (66.7) 55/63 (87.3) 17/20 (85) 15/23 (65.2) <0.001

Time elapsed between HIV
diagnosis and hospital
admission, days [median
(IQR)]

365(60.0–219) 365 (38–2190) 365 (90–2190) 365(150–109) 365 (150–1095) 60 (20–365) 0.344 c

HAART for 180 days or more 75/308 (24.4) 23/142 (16.2) 16/60 (26.7) 23/63 (36.5) 10/20 (50) 3/23 (13) 0.001

CD4+ cells/mm3 [median
(IQR)]

68 (30–150) 69 (30–149) 56 (23–187) 71 (34–139) 70 (34–302) 54 (20–98) 0.739 c

< 200 CD4+ cells/mm3 247/302 (81.8) 119/140 (85) 44/58 (75.9) 49/62 (79) 14/19 (73.7) 21/23 (91.3) 0.299

Viral load <50 copies/ml or
undetectable

54/298 (18.1) 24/137 (17.5) 8/57 (14) 11/62 (17.7) 9/19 (47.4) 2/23 (8.7) 0.011

Time to respiratory disease
(days) [median (IQR)] a

30(15–60) 21(15–60) 21(15–58.5) 32(20–90) 11(3–60) 45(8–60) 0.074 c

Hospital stay (days) [median
(IQR)]

14(9–24) 13(10–23) 14(9–27) 14(9–21) 13.5(4.5–24.5) 21(16–35) 0.067 c

Death during hospitalization 54/308 (17.5) 17/54 (12.0) 27/54 (45.0) 4/54 (6.3) 3/54 (15.0) 3/54 (13.0) <0.001

HIV, Human Immunodeficiency Virus; AIDS, Acquired Immunodeficiency Syndrome; IQR, interquartile range; PJ, Pneumocystis jirovecii;
aDefined as the time elapsed between the onset of the symptoms and diagnosis of respiratory disease.
bChi square test;
cKruskal- Wallis test.

doi:10.1371/journal.pone.0138115.t001
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have higher counts of CD4+ cells, to be diagnosed on discharge with TB and less likely to be
men having sex with men, current smokers, or to be diagnosed on discharge with PJP.

The patients who died during their hospitalization compared with those who clinically
improved were older, less likely to have social security, to have been diagnosed with HIV prior
to admission, and to have received HAART for 180 days or more. These patients were more
likely to have CD4+ cells below 200/mm3 and viral load above 50 copies/ml. They had longer
hospital stay, and were less likely to be diagnosed with PJP or tuberculosis, and more likely to
be diagnosed with bacterial community-acquired pneumonia (Table 3).

Using polytomous logistic regression, we demonstrated that HAART was independently
associated with reduced odds of PJP (Adjusted odds ratio (aOR) 0.245, 95% confidence interval
(CI): 0.08–0.80) and reduced odds of mixed infections (aOR 0.172, 95%CI: 0.03–0.91) as a dis-
charge diagnosis, adjusting for diagnosis of HIV infection prior to admission, age, socioeco-
nomic level, illegal drug use, CD4+ cells/mm3, and viral load (Table 4).

Using logistic regression, we demonstrated that HAART was independently associated with
reduced odds (aOR 0.214, 95% CI 0.06–0.75) of all-cause in-hospital mortality, adjusting for
HIV diagnosis previous to hospitalization, age, access to social security, low socioeconomic

Table 2. Characteristics of HIV/AIDS patients in a specialty hospital for respiratory diseases in Mexico City, from January 2010 to December 2010,
according to diagnosis of HIV infection previous to hospitalization.

Characteristics Total Diagnosis of HIV
infection previous
to hospitalization

Diagnosis of HIV
infection during
to hospitalization

p valueb

n/tot (%) n/tot (%) n/tot (%)

Men 271/308 (88.0) 186/206 (90.3) 85/102 (83.3) 0.077

Age, years [median (IQR)] 34(29–42) 33.5 (28–40) 37 (31–44) 0.005c

Age >50 years old 35/308 (11.4) 19/206 (9.2) 16/102 (15.7) 0.093

Low socioeconomic level 247/308 (80.2) 177/206 (85.9) 70/102 (68.6) <0.001

Access to Social Security 183/308 (59.4) 132/206 (64.1) 51/102 (50.0) 0.018

Illiterate and elementary school 85/308 (27.6) 53/206 (25.7) 32/102 (31.4) 0.297

Men having sex with men 47/109 (43.1) 27/78 (34.6) 20/31 (64.5) 0.004

Current smoker 113/308 (36.7) 67/206 (32.5) 46/102 (45.1) 0.031

Current illegal drug user (marijuana and/or cocaine) 49/308 (15.9) 37/206 (18.0) 12/102 (11.8) 0.162

CD4+ cells/mm3 [median (IQR)] 68 (30–150) 75 (34–163) 50 (26–131) 0.017 c

< 200 CD4+ cells/mm3 247/302 (81.8) 164/204 (80.4) 83/98 (84.7) 0.364

HAART for 180 days or more 75/308 (24.4) 75/207 (36.2) 0/102 (0.0) <0.001

Viral load <50 copies/ml or undetectable viral load 54/298 (18.1) 37/203 (18.2) 17/95 (17.9) 0.945

Time to respiratory disease (days) [median (IQR)]a 30 (15–60) 29 (10–60) 30 (15–60) 0.129 c

Hospital stay (days) [median (IQR)] 14 (9–24) 14 (9–24) 16.5 (11–24) 0.195 c

Discharge diagnosis

PJ pneumonia 142/308 (46.1) 79/206 (38.3) 63/102 (61.8) <0.001

Bacterial community-acquired pneumonia 60/308 (19.5) 40/206 (19.4) 20/102 (19.6) 0.968

Tuberculosis 63/308 (20.5) 55/206 (26.7) 8/102 (7.8) <0.001

Other infectious diseases 20/308 (6.5) 17/206 (8.3) 3/102 (2.9) 0.075

Mixed 23/308 (7.5) 15/206 (7.3) 8/102 (7.8) 0.860

HIV, Human Immunodeficiency Virus; AIDS, Acquired Immunodeficiency Syndrome; IQR, interquartile range; PJ, Pneumocystis jirovecii;
aDefined as the time elapsed between the onset of the symptoms and diagnosis of respiratory disease.
bChi square test;
cKruskal- Wallis test.

doi:10.1371/journal.pone.0138115.t002
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level, CD4 cell count, viral load, and discharge diagnoses, (Model 1, Table 5). We also observed
that HAART was independently associated with reduced odds (aOR 0.194, 95% CI 0.05–0.76)
of all-cause in-hospital mortality, among patients who had been diagnosed with HIV infection
previous to hospitalization adjusting for the same covariates, (Model 2, Table 5). In these mod-
els, we observed that bacterial community acquired pneumonia was independently associated
with increased odds (aOR 15.55, 95% CI 4.04–59.89 and aOR 23.75 95% CI 3.81–147.71) of all-
cause in-hospital mortality, among all patients and among those who had been diagnosed with
HIV prior to admission, respectively. Finally, we did not find significant association between
HAART and all-cause in-hospital mortality among patients whose discharge diagnosis was
bacterial community acquired pneumonia (aOR 0.092 (95% CI (0.01–1.60) adjusting by the
same covariates.

Discussion
In the present study, we evaluated the association between HAART for 180 days or more and
type of infectious respiratory diseases and all-cause in-hospital mortality in a specialty hospital
for respiratory diseases. We chose to use HAART and not HIV diagnosis prior to admission

Table 3. Characteristics of HIV/AIDS patients in a specialty hospital for respiratory diseases in Mexico City, from January 2010 to December 2011,
according to hospital discharge.

Total All-cause in-hospital fatalities Discharge with
clinical improvement

p valueb

Characteristics n/tot (%) n/tot (%) n/tot (%)

Men 271/308 (88.0) 46/54 (85.2) 225/254 (88.6) 0.486

Age, years [median (IQR)] 34 (29–42) 37 (31–45) 34 (28–41) 0.028c

Age >50 years old 35/308 (11.4) 10/54 (18.5) 25/254 (9.8) 0.068

Low socioeconomic level 247/308 (80.2) 40/54 (74.1) 207/254 (81.5) 0.214

Access to Social Security 183/308 (59.4) 15/54 (27.8) 168/254 (66.1) <0.001

Illiterate and elementary school 85/308 (27.6) 18/54 (33.3) 67/254 (26.4) 0.299

Men having sex with men 47/109 (43.1) 10/20 (50.0) 37/89 (41.5) 0.492

Current smoker 113/308 (36.7) 19/54 (35.2) 94/254 (37.0) 0.801

Drug user (marijuana and/or cocaine) 49/308 (15.9) 4/54 (7.4) 45/254 (17.7) 0.060

Diagnosis of HIV infection previous to hospitalization 206/308 (66.9) 25/54 (46.3) 181/254 (71.3) 0.001

HAART for 180 days or more 75/308 (24.4) 4/51 (7.4) 71/254 (28.0) <0.001

CD4+ cells/mm3, [median (IQR)] 68 (30–150) 34 (16–64) 73 (34–172) <0.001 c

< 200 CD4+ cells/mm3 247/302 (81.8) 49/52 (94.2) 198/250 (79.2) 0.011

Viral load < 50 copies/ml or undetectable viral load 54/298 (18.1) 4/50 (8.0) 50/248 (20.2) 0.042

Time of the respiratory disease (days)[median (IQR)]a 30 (15–60) 29 (15–60) 30 (15–60) 0.656 c

Hospital stay (days) [median (IQR)] 14 (9–24) 19 (12–27) 14 (9–23) 0.010 c

Discharge diagnosis

PJ pneumonia 142/308 (46.1) 17/54 (31.5) 125/254 (49.2) 0.018

Bacterial community-acquired pneumonia 60/308 (19.5) 27/54 (50.0) 33/254 (13.0) <0.001

Tuberculosis 63/308 (20.5) 4/54 (7.4) 59/254 (23.2) 0.009

Other infectious diseases 20/308 (6.5) 3/54 (5.6) 17/254 (6.7) 0.758

Mixed 23/308 (7.5) 3/54 (5.6) 20/254 (7.9) 0.556

HIV, Human Immunodeficiency Virus; AIDS, Acquired Immunodeficiency Syndrome; IQR, interquartile range; PJ, Pneumocystis jirovecii;
aDefined as the time elapsed between the onset of the symptoms and diagnosis of respiratory disease.
bChi square test;
cKruskal- Wallis test.

doi:10.1371/journal.pone.0138115.t003
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because previous studies have documented delayed access to HAART among HIV diagnosed
patients [9]. We found that patients receiving HAART for 180 days or more had a lower proba-
bility of being diagnosed with PJP and of dying during hospitalization.

Aligned with previous studies performed in Latin America and Mexico, and in contrast to
European countries, we found that the majority of studied patients were at an advanced stage
of the disease with low CD4+ counts and high viral loads [9, 20]. Almost a third of patients had
not been diagnosed with HIV on admission to the hospital and among those diagnosed only
36.2% had received HAART for more than 180 days.

In contrast with prior evidence showing that community-acquired bacterial pneumonia and
COPD are the most frequent pathologies in high resource settings [21], PJP was the most fre-
quent diagnosis as has been observed in low and medium resources regions where late initia-
tion of HAART has also been noted [5, 22].

HAART and effective prophylaxis for PJP are interventions with high impact on morbidity
and mortality reduction in HIV-infected adults and have demonstrated cost-effectiveness in
resource-limited settings [23–26]. HAART has been associated to reduced frequency of PJP
[22, 27]. Mexican government offers universal HAART and PJP prophylaxis to HIV infected
individuals. Late initiation of HAART in our setting may have several explanations. The main
one is that patients are not tested until an opportunistic infection becomes apparent, as hap-
pened in 33.1% of cases in our series. Secondly, infected patients may not receive adequate
health care due to inadequate linkage between testing and health care facilities, lack of training
of personnel involved or limited drug supplies. This is supported by the observation that

Table 4. Association between respiratory disease and HAART for 180 days or more, adjusted for clinical characteristics, in HIV/AIDS patients from
a specialty hospital for respiratory diseases in Mexico City from January 2010 to December 2011.

Characteristics PJ pneumonia Bacterial
community-
acquired

pneumonia

Tuberculosis Other
infectious
diseases

Mixed (at least one
infectious disease)

aORa P-value aORa P-value aORa P-value Reference outcome aORa P-value
(95%CI) (95%CI) (95%CI) (95%CI)

HAART for 180 days or more 0.245 0.02 0.386 0.141 0.435 0.181 0.172 0.038

(0.08–0.8) (0.11–1.37) (0.13–1.48) (0.03–0.91)

Diagnosis of HIV infection
previous to hospitalization

0.410 0.249 0.627 0.569 1.494 0.638 0.684 0.667

(0.09–1.86) (0.13–3.12) (0.28–7.95) (0.12–3.86)

Age >50 years old 0.686 0.665 1.123 0.898 1.347 0.742 2.024 0.483

(0.12–3.78) (0.19–6.6) (0.23–7.94) (0.28–14.51)

Low socioeconomic level 2.178 0.221 2.590 0.168 9.977 0.006 1.427 0.639

(0.63–7.57) (0.67–10) (1.94–51.34) (0.32–6.29)

Illegal drug user (marijuana
and/or cocaine)

0.248 0.022 0.169 0.013 0.374 0.127 0.913 0.899

(0.08–0.82) (0.04–0.69) (0.11–1.32) (0.22–3.72)

< 200 CD4+ cells/mm3 0.890 0.865 0.440 0.256 0.617 0.503 1.364 0.762

(0.23–3.4) (0.11–1.82) (0.15–2.53) (0.18–10.17)

Viral load < 50 copies/ml or
undetectable

0.219 0.014 0.117 0.002 0.159 0.006 0.122 0.031

(0.07–0.74) (0.03–0.46) (0.04–0.59) (0.02–0.83)

HAART, highly active antiretroviral therapy;
a aOR, adjusted odds ratio using multivariated polytomous regression; 95% CI,95% confidence interval.

doi:10.1371/journal.pone.0138115.t004
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although Mexican government provides HAART together with PJP prophylaxis, of 75 patients
with HAART for more than 180 days, only ten referred receiving PJP prophylaxis and other
measures such as pneumococcal vaccine and tuberculosis prophylaxis were infrequent [17].
Another factor was treatment compliance, which can be poor in some patients due to side
effects [22]. Our study design limited our ability to measure treatment adherence. We used
fully controlled viral replication as an indicator of compliance. Results support the notion that
treatment compliance is low. Additionally, many of the patients who had started HAART were
in advanced stages of the disease and, therefore, were severely immunocompromised, which
can also limit treatment effectiveness. Despite this disadvantaged situation, our findings show
that receiving HAART for more than 180 days was independently associated with reduced
odds of PJP and mortality.

Table 5. Association between all-cause in-hospital mortality and selected variables in HIV/AIDS patients admitted into a specialty hospital for
respiratory diseases in Mexico City from January 2010 to December 2011.

Variables Model 1 Model 2
Overall Patients with diagnosis of HIV infection previous to hospitalization

n = 297 n = 202
aORa aORa

(95%CI) (95%CI)

HAART for 180 days or more 0.214b 0.194 b

(0.06–0.75) (0.05–0.76)

Diagnosis of HIV infection previous to hospitalization 0.648 ____

(0.29–1.47) ____

Age >50 years old 3.650 b 5.877 b

(1.32–10.06) (1.46–23.62)

Access to Social Security 0.181c 0.151c

(0.08–0.41) (0.05–0.45)

Low socioeconomic level 0.633 0.356

(0.26–1.54) (0.10–1.25)

< 200 CD4+ cells/mm3 8.966b 3.203

(1.82–44.27) (0.61–16.72)

Viral load < 50 copies/ml or undetectable viral load 0.508 0.780

(0.13–1.96) (0.13–4.59)

Discharge diagnosis

Bacterial community-acquired pneumonia 15.55c 23.75c

(4.04–59.89) (3.81–147.71)

Other infectious diseases 5.62 6.17

(0.90–35.08) (0.59–63.93)

PJ pneumonia 1.77 2.03

(0.48–6.50) (0.31–13.0)

Mixed 1.02 4.58

(0.17–5.84) (0.53–39.05)

Tuberculosis 1 1

Reference Reference

HAART, highly active antiretroviral therapy;
a aOR, adjusted odds ratio using multivariate logistic regression; 95% CI, 95% confidence interval;
b p value < 0.05,
c p value < 0.001.

doi:10.1371/journal.pone.0138115.t005
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As shown by other authors [28], we observed higher odds of all-cause in-hospital mortality
associated to bacterial community-acquired pneumonia. Prior to HAART, bacterial commu-
nity-acquired pneumonia was significantly more frequent in HIV patients versus those that
were not infected. However, it has been documented that the risk for community-acquired bac-
terial pneumonia is clearly associated with a decrease in CD4 cell counts, with rates as high as
17.9 x 100 persons/year and counts of<200 cells/μl [29], although it has also been observed
that this can occur with normal CD4 counts [30]. We did not document an association between
bacterial community-acquired pneumonia and a history of HAART or with CD4 cell counts,
likely due to the inherent limitations of our case series design. In epidemiologic studies per-
formed in the United States and Europe, a decrease in community-acquired bacterial pneumo-
nia rates has been observed after the introduction of HAART. In one study, it was noted that
for each month of receiving HAART, the risk for community-acquired bacterial pneumonia
decreases by 10% in patients not receiving prophylaxis with TMP/SMX [29]; furthermore, in
another study, a decrease of 22.7 to 9.1 cases per 100,000 persons/year was documented follow-
ing the introduction of HAART in 1997 [31]. A longer time to clinical stability has been associ-
ated with advanced HIV infection and with S. pneumoniae etiology, while receipt of
antiretroviral therapy was protective [32]. We did not analyze mortality according to etiologic
agents since we were able to isolate pathogens only in 40% of bacterial community-acquired
pneumonia. This frequency of pathogen isolation agrees with a recent review [33].

In agreement with previous studies, our results show that in addition to HAART and bacte-
rial community acquired pneumonia, older age, lack of access to social security and CD4 cell
counts below 200/mm3 were independently associated with all-cause in-hospital mortality.
Low CD4 cell counts have been described as associated to a greater risk of mortality probably
indicating barriers to health care and to timely diagnosis and treatment initiation [34]. Individ-
uals older than 50 years have been found to be at higher risk of death compared with those
aged 19–29 years adjusting by HAART and other epidemiologic and clinical variables [35].

There is evidence that, along with the introduction of HAART, the frequency of AIDS-
defining cancer cases has decreased and, concurrently, non-AIDS-defining cancer types, such
as respiratory cancer, have increased [36], this is particularly true in developed countries with
elevated HAART coverage [37]. However, in Latin American and the Caribbean, cases of
AIDS-defining cancer still prevail in HIV infected and AIDS patients, as was observed in the
present study [38].

Our study has several limitations, inherent to retrospective studies. Additionally, we were
unable to determine time since HIV diagnosis in approximately a third of patients since they
were not diagnosed until admission to the hospital. We conducted our study in a specialty hos-
pital for pulmonary diseases. Most of our patient population was referred because of respira-
tory symptoms from a primary care center that provides care to HIV infected patients in
Mexico City. Therefore, our results may not be generalizable to HIV infected patients harbor-
ing respiratory diseases attending primary care centers or general hospitals. Also, our patients
were mostly young men from low socioeconomic level and therefore our results are not gener-
alizable to women, older individuals or patients from higher socioeconomic strata. Given the
median age of participants, this cohort does not seem at risk for more chronic diseases such as
chronic obstructive pulmonary disease or lung cancer. Therefore we excluded from analyses
non-infectious respiratory illnesses.

The strengths of this study included 1) diagnosis of respiratory diseases according to stan-
dardized guidelines; 2) we were able to adjust for important confounding variables and 3) char-
acteristics of our patients most likely reflect limitations of health care access among HIV
infected and AIDS patients in similar settings.
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Conclusions
Infectious respiratory diseases still constitute a significant problem for HIV infected and AIDS
patients. HAART administered for 180 days or more was associated with a 78% decrease of all-
cause hospital mortality. Bacterial community-acquired pneumonia was independently associ-
ated with mortality. Almost a third of our study population arrived with advanced disease
without having been HIV tested before hospitalization. HIV diagnosis and treatment resources
should be improved, and strengthening of HAART program needs to be promoted.
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