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p < 0.001), tobacco smoking (cHR 1.34, p value 0.007), 
and HIV viral load ≥400 copies/mL (cHR 3.40, p < 0.001) 
increased the risk of LRTI. Lower risk of LRTI was seen 
with higher educational level (cHR 0.61, p < 0.001), rise 
in CD4 counts (cHR 0.81, p < 0.001, per 100 cells/mm3 
increase), influenza (cHR 0.60, p = 0.002) and pneumo-
coccal vaccination (cHR 0.57, p < 0.001). In the adjusted 
model, aHR for CD4 count was 0.86, for cocaine use 1.47 
and for viral load ≥400 copies 2.20.
Conclusions LRTI has a high incidence in HIV-infected 
adults using ART. Higher CD4 counts and undetectable 
viral loads were protective, as were pneumococcal and 
influenza vaccines.

Keywords Community-acquired pneumonia · HIV · 
AIDS · Antiretroviral therapy · Vaccination

Introduction

Pneumonia is the fourth most common cause of death 
globally, after ischaemic heart disease, stroke and chronic 
obstructive pulmonary disease (COPD), and is the second 
most frequent reason for years of life lost [1]. Risk fac-
tors for community-acquired pneumonia (CAP) in adults 
include age greater than 65 years, chronic respiratory dis-
ease, HIV infection, smoking, alcohol abuse, poor dental 
condition and other comorbidities such as chronic heart 
failure, cerebrovascular disease (including dementia), and 
chronic liver or kidney disease [2–4].

Among HIV infected individuals, antiretroviral ther-
apy (ART) has significantly impacted on the incidence of 
opportunistic infections and bacterial diseases both in high 
and middle-low income countries [5–7]. However, bacterial 

Abstract Community-acquired pneumonia represents 
the most frequent bacterial infection in patients with HIV/
AIDS.
Purpose We aimed to assess variables associated with 
lower respiratory tract infection (LRTI) among HIV-
infected adults using ART.
Methods A cohort study of HIV-infected patients aged 
≥18 years, enrolled from 2000 to 2015, on ART for at least 
60 days, with primary outcome as the 1st episode of LRTI 
during follow-up. The independent variables included 
were sex at birth, age, race/skin color, educational level, 
tobacco smoking, alcohol use, cocaine use, diabetes melli-
tus, CD4 count, HIV viral load, influenza and pneumococ-
cal vaccination. Extended Cox proportional hazards models 
accounting for time-updated variables were fitted to assess 
LRTI predictors.
Results 2669 patients were included; median follow-
up was 3.9 years per patient. LRTI was diagnosed in 384 
patients; incidence rate was 30.7/1000 PY. In the unad-
justed Cox extended models, non-white race [crude haz-
ard ratio (cHR) 1.28, p = 0.020], cocaine use (cHR 2.01, 
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infections are still the main cause of hospitalization and a 
major cause of death in this population [8–11].

CAP represents the most frequent bacterial infection in 
patients with HIV/AIDS [8, 12–14], and although its inci-
dence has been reduced after ART scale-up, it remains fre-
quent even in patients on ART and with high CD4 counts 
[8, 14]. An observational study that included 9101 hospital-
ized HIV-infected patients in the United States (from 2004 
to 2008) found that non-recurrent bacterial pneumonia was 
the second most common cause of death accounting for 
20% of the deaths, behind sepsis which accounted for 38% 
of the observed deaths [13]. Similarly, in Mexico (during 
the years 2010–2011), in a study conducted with patients 
hospitalized due to a respiratory condition, CAP repre-
sented 18.6% of all hospitalizations and 50% of deaths in 
HIV infected patients [15].

Besides ART, pneumococcal and influenza vaccinations 
are indicated as adjuvant preventive strategies to reduce the 
burden of CAP among HIV infected individuals [14]. The 
effectiveness of pneumococcal and influenza vaccinations 
on preventing CAP have been shown among the elderly 
population, and among other specific high risk population.

HIV infection is independently associated with increased 
risk of CAP [12, 14, 16]. Despite its high incidence and 
mortality, few studies have evaluated factors associated 
with CAP in HIV-infected individuals.

The aim of our study was to assess variables contem-
porarily associated with lower respiratory tract infection 
(LRTI)among HIV-infected adults using antiretroviral 
therapy.

Methods

Study site and population

Instituto Nacional de Infectologia Evandro Chagas (INI, 
formerly known as Instituto de Pesquisa Clínica Evandro 
Chagas/IPEC) is a referral center for research care of HIV-
infected patients, in Rio de Janeiro, Brazil, since 1986. A 
longitudinal database including sociodemographic, clini-
cal, laboratory and therapeutic information abstracted from 
medical charts is maintained and periodically updated 
for all HIV infected patients followed at INI. Cohort pro-
cedures and results have been described elsewhere [7]. 
Patients included in the cohort follow Brazilian guidelines 
for HIV treatment which includes the recommendation of 
vaccination with pneumococcal polysaccharide vaccine 
(PPSV23) (with a second dose after 5 years) and annual 
influenza vaccination for all asymptomatic HIV infected 
patients with CD4 counts above 200 cells/mm3 [17].

For this study, we included HIV-infected patients aged 
≥18 years at cohort entry, enrolled from January 2000 to 

October 2015, with no previous report of antiretroviral 
therapy (ART) use, who were followed for a period of at 
least 60 days (definition of active care) and who started 
ART after cohort enrollment. The primary outcome was the 
occurrence of the first episode of LRTI during follow-up. 
Since we aimed to study predictors of LRTI among HIV 
infected patients, we considered the start of follow up to be 
the first ART initiation day plus 60 days. End of follow-up 
was defined as the date of the first LRTI episode, for those 
who developed LRTI during follow-up. For those with no 
LRTI during follow-up, the follow-up ended at the date of 
death, or the date of the last clinical visit or study closure 
(31st December 2015), whichever occurred first. Patients 
whose date of the last clinical visit was prior to 1st Janu-
ary 2015 were deemed lost to follow-up. Exclusion criteria 
were: not have used ART for a minimum period of 60 days 
before end of follow-up (n = 35) and not having a CD4 
measure during follow-up (n = 5).

Community‑acquired pneumonia and lower respiratory 
tract infection definitions

Probable pneumonia was defined as at least two of the fol-
lowing signs and symptoms (1) fever and/or cough; (2) new 
purulent sputum; (3) dyspnea or tachypnea and (4) pleuritic 
chest pain AND no radiological confirmation AND ade-
quate antibiotic treatment given. Definite pneumonia was 
defined as the clinical syndrome as in probable pneumonia 
AND antibiotic treatment AND a new pulmonary infiltrate 
on chest radiographs or CT scans, with or without bacte-
riological confirmation. Probable and definite pneumonias 
were grouped as lower respiratory tract infections.

For this study, we used the first diagnosis of LRTI after 
cohort enrollment for each patient.

Statistical analysis and independent variables

The independent variables included in the models were 
sex at birth, age, race/skin color, educational level, tobacco 
smoking (ever, as a dichotomic yes or no variable), alco-
hol use (ever, yes or no), cocaine inhalation, smoking or 
injection drug use (ever, yes or no), diabetes mellitus, CD4 
count, HIV viral load (within the last year of follow up), 
influenza vaccination and PPSV23 vaccination. The protec-
tive effects of vaccination were defined to start at the 14th 
day after the vaccination, and to last 1 year for influenza 
vaccine and for 5 years for PPSV23. Demographic and 
clinical characteristics were compared between patients 
who had LRTI and those who did not by using the Wil-
coxon Rank-Sum test for continuous variables and Chi-
squared for categorical variables.

Extended Cox proportional hazards models account-
ing for time-updated variables were fitted to assess LRTI 
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predictors among HIV infected patients on ART. Patients’ 
follow-ups were split annually until the end of follow-
up. For each patient’s period a CD4 count was assigned 
(the closest CD4 result available within the year before 
that period’s final date), to account for the immunologic 
recovery experienced by the patients after ART initiation. 
Besides CD4, age and influenza and PPSV23 vaccina-
tion status were included as time dependent variables. For 
5% of all patients’ follow-up periods, there were no CD4 
counts available, and simple interpolation of consecutives 
CD4 results within the same patient was performed. Inde-
pendent variables with a p value below 0.10 in the unad-
justed models were included in the adjusted model, in order 
to explore their effects after adjusting for confounding 
variables. Age and gender were forced into the final model. 
Proportional hazards’ assumption was tested using Schoe-
nfeld residuals, and no variable violated this assumption. 
R (version 3.0.3) and libraries “survival” and “rms” were 
used for the analyses.

Ethical considerations

This study was approved by the ethics committee of INI 
Evandro Chagas, Fiocruz (CAAE 0032.0.009.000-10) and 
was conducted according to the principles expressed in the 
Declaration of Helsinki. All patient records/information 
were de-identified prior to analysis.

Results

Overall, 2709 HIV infected ART-naïve patients aged 
18 years or more, enrolled at the INI cohort between 1st 
January 2000 and 31st October 2015, who were followed-
up for at least 60 days and started ART after enrollment 
were eligible for this study. Of those, 35 were excluded 
because they used ART for less than 60 days before end 
of follow-up and 5 because they had no CD4 count result 
during follow-up. The final study population included 2669 
patients, accounting for a total follow-up of 12,505 person-
years PY (median follow-up of 3.9 years per patient). Three 
hundred and eighty-four patients had an episode of LRTI 
during follow-up, yielding an incidence rate of 30.7/1000 
PY [95% confidence interval (CI) 27.8–33.9/1000PY] and 
112 (4.2%) were deemed lost to follow-up (Fig. 1). Accord-
ing to the definitions used, of the 384 cases of pneumonia, 
83.6% had probable and 16.4% had a definite diagnosis. 
Comparison of patients with definite and probable pneumo-
nia is provided in supplementary Table 1.

Characteristics of the study population are shown in 
Table 1. Patients who had LRTI were more likely to have 
lower educational level (62 vs. 44.6%, p value <0.001), 
diabetes mellitus (13.3 vs. 8.7%, p value 0.06), cocaine use 

(16.4 vs. 6.5%, p value <0.001), tobacco smoking (63 vs. 
56.8%, p value 0.027), lower CD4 counts (nadir: median 
103 vs. 220 cells/mm3, p value <0.001) and within last year 
of follow up: 385 vs. 595 cells/mm3, p value <0.001) and 
HIV viral load ≥400 copies/mL within the last year of fol-
low-up (27.3% vs. 10.3%, p value <0.001) than those with 
no LRTI.

Overall, influenza and PPSV23 vaccination covertures at 
the last year of FU were low (15.3 and 49%). Only 11.3% 
of the patients were vaccinated with both influenza and 
PPSV23. Regarding influenza vaccination coverture, the 
difference between patients who had LRTI and those who 
did not was not significant. On the other hand, a higher pro-
portion of PPSV23 vaccination was observed among those 
who did not have LRTI (51.9 vs. 31.5%, p value <0.001). 
Additionally, there was a relevant overlap of both vaccines 
coverture in the study population. Regarding the last year 
of follow-up, amongst the 414 patients vaccinated against 
influenza, 73% were also vaccinated with PPSV23.

Table 2 shows the Cox extended models. In the unad-
justed Cox extended models, non-white race/skin color, 
[crude hazard ratio (cHR) 1.28, p value = 0.016], report of 
cocaine use (cHR 2.01, p value <0.001), report of tobacco 
smoking (cHR 1.34, p value 0.007), hepatitis C co-infec-
tion (cHR 1.51, p value = 0.013) and having HIV viral 
load ≥400 copies/mL within the last year of follow-up 
(cHR 3.40, p value <0.001) increased the risk of LRTI. 
On the other hand, higher educational level (cHR 0.61, 
p value <0.001), rise in CD4 counts over the years (cHR 
0.81, p value <0.001, per 100 cells/mm3 increase), having 
been vaccinated for influenza (cHR 0.60, p value = 0.002) 

2674 patients with ART use 
for at least 60 days before

end of follow-up

2669 patients included

5 patients were excluded: had no CD4 
exam after enrollment

384 patients had LRTI during
follow-up

HIV infected adults, enrolled
between 01jan2000 and

01nov2015, ART naïve at
enrollment (2709 patients)

35 used ART for less than 60 days
before end-of follow-up

112 (4.2%) patients were deemed loss to
follow-up

Fig. 1  Inclusion and follow up of HIV-infected adults for the out-
come lower respiratory tract infection, INI cohort, 2000–2015
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Table 1  Sociodemographic and clinical features of the study population according to diagnosis of community-acquired lower respiratory tract 
infection, INI cohort, 2000–2015

No LRTI during FU (n = 2285) Had LRTI during FU(n = 384) Total study population 
(n = 2669)

p value

Sex at birth (%) 0.186

 Male 1615 (70.7) 258 (67.2) 1873 (70.2)

 Female 670 (29.3) 126 (32.8) 796 (29.8)

Age at end of FU in years, 
median (IQR)

40.6 (33.5,48.8) 39.6 (33,48.5) 40.4 (33.5,48.7) 0.603

 <30 (%) 302 (13.2) 56 (14.6) 358 (13.4) 0.223

 30–39 (%) 794 (34.7) 143 (37.2) 937 (35.1)

 40–49 (%) 688 (30.1) 101 (26.3) 789 (29.6)

 50–59 (%) 379 (16.6) 56 (14.6) 435 (16.3)

 60+ (%) 122 (5.3) 28 (7.3) 150 (5.6)

Race/skin color (%) 0.759

 White 1082 (47.4) 178 (46.4) 1260 (47.2)

 Non-white 1203 (52.6) 206 (53.6) 1409 (52.8)

Educational level (%) <0.001

 Up to 9 years 1019 (44.6) 238 (62) 1257 (47.1)

 More than years 1266 (55.4) 146 (38) 1412 (52.9)

Diabetes mellitus (%)

 No 2086 (91.3) 333 (86.7) 2419 (90.6) 0.006

 Yes 199 (8.7) 51 (13.3) 250 (9.4)

Cocaine  usea (%) <0.001

 No 2136 (93.5) 321 (83.6) 2457 (92.1)

 Yes 149 (6.5) 63 (16.4) 212 (7.9)

Tobacco smoking ever

 No 986 (43.2) 142 (37) 1128 (42.3) 0.027

 Yes 1299 (56.8) 242 (63) 1541 (57.7)

Alcohol use report 0.219

 No 564 (24.7) 82 (21.4) 646 (24.2)

 Yes 1721 (75.3) 302 (78.6) 2023 (75.8)

Hepatitis C <0.001

 No 2159 (94.5) 345 (89.8) 2504 (93.8)

 Yes 126 (5.5) 39 (10.2) 165 (6.2)

CD4 nadir (cells/mm3), 
median(IQR)

220 (89,329) 103 (32,233) 205 (75,318) <0.001

 ≥350 (%) 496 (21.7) 27 (7) 523 (19.6) <0.001

 200–350 (%) 745 (32.6) 92 (24) 837 (31.4)

 50–199 (%) 658 (28.8) 145 (37.8) 803 (30.1)

 <50 (%) 386 (16.9) 120 (31.2) 506 (19)

Last year CD4 countª (cells/
mm3), median(IQR)

595 (408,800) 385 (219,601) 562 (367,781) <0.001

 >500 (%) 1133 (49.6) 123 (32) 1256 (47.1) <0.001

 500–350 (%) 329 (14.4) 72 (18.8) 401 (15)

 <350 (%) 344 (15.1) 157 (40.9) 501 (18.8)

 Missing (%) 479 (21) 32 (8.3) 511 (19.1)

Last year HIV viral loadª (copies/
mL)

<0.001

 <400 (%) 1838 (80.4) 241 (62.8) 2079 (77.9)

 ≥400 (%) 236 (10.3) 105 (27.3) 341 (12.8)

 Missing (%) 211 (9.2) 38 (9.9) 249 (9.3)
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and for PPVS23 (cHR 0.57, p value <0.001) were associ-
ated with lower risk of LRTI. The Cox extended model for 
patients with definite pneumonia is provided in supplemen-
tary Table 2.

On the final adjusted model, report of cocaine use 
(aHR 1.47, p value = 0.018) and having HIV viral load 
≥400 copies/mL within the last year of follow-up (aHR 
2.20, p value <0.001) were still significantly associated 
with increased risk of LRTI. Rise in CD4 counts protected 
against LRTI (aHR 0.86 per 100 cells/mm3 increase, p 
value <0.001). The effect of the other independent variables 
was attenuated in the adjusted model.

Hospitalization occurred on the same day of the diag-
nosis of LRTI for 74 (19.3%) patients and within 72 h of 
diagnosis for an additional 5(79, 20.6%).

Mortality within 30 days of the date of diagnosis of 
LRTI was 10/384 (2.6%). The underlying cause given on 
the death certificates were AIDS for 7 patients, COPD for 
1, alcoholism for 1 and oral cancer for 1.

Discussion

Incidence of LRTI

Diagnosis of pneumonia in the outpatient real life scenario 
is often limited by the lack of radiographic and micro-
biological confirmation, as was the case in our study. 
Therefore, we used the term lower respiratory tract infec-
tion to include cases of definite and probable pneumonia. 
Although all our patients were on ART, the incidence rate 
of LRTI was 30.7/1000 person-years(PY), higher than that 

encountered for CAP in HIV infected patients reported in 
high-income settings. This may be due to the fact ours is 
a middle-income scenario or that tracheobronchitis cases 
were included as well as CAP. In France, a cohort study of 
3336 HIV infected patients (65% of them were on ART), 
followed between 2000 and 2007, estimated an incidence 
of CAP of 12/1000 PY [18]. In the US, in a cohort of 3707 
HIV-infected patients (65% of them were on ART) from 
1999 to 2007, incidence rate of CAP was 28.0/1000 PY 
among HIV-infected patients [19]. In Spain, in 186 epi-
sodes of LRTI in 161 patients; wherein “any antiretroviral 
treatment” had been given to 45% of the patients, inci-
dence rates of CAP were 31 and 24 in the years 2000 and 
2005, respectively [20]. In a large, predominantly European 
study, the incidence rate of CAP was 5.4 per 1000 PY in 
10,851 HIV infected patients included from 2006 to the 
first event; 84% of this cohort was on ART and the median 
of follow up of 3.9 years [8]. To our knowledge, incidence 
rates of CAP or of LRTI among HIV infected individuals 
living in low- and middle-income countries have not been 
reported in the modern, post ART era.

Most important predictors for LRTI

The most important predictors for LRTI were viral load 
and CD4 cell counts. Uncontrolled infection (detectable 
viral load) doubled the risk for LRTI, while time updated 
increase in CD4 counts were protective for LRTI.

The most recent (within the last year before end of fol-
low-up) median CD4 count in patients who did not develop 
LRTI was 595 cells/mm3, while it was 385 in those who 
did. These values are higher than the ones previously 

Table 1  continued

No LRTI during FU (n = 2285) Had LRTI during FU(n = 384) Total study population 
(n = 2669)

p value

Vaccination

 Influenza (%)b 341 (14.9) 68 (17.7) 409 (15.3) 0.185

 PPVS23 (%)c 1187 (51.9) 121 (31.5) 1308 (49) <0.001

Vaccination combined

 No vaccination 1012 (44.3) 241 (62.8) 1253 (46.9) <0.001

 Influenza + PPVS23 255 (11.2) 46 (12) 301 (11.3)

 Only PPVS23 932 (40.8) 75 (19.5) 1007 (37.7)

 Only Influenza 86 (3.8) 22 (5.7) 108 (4)

INI Instituto Nacional de Infectologia Evandro Chagas, Rio de Janeiro, Brazil, LRTI lower respiratory tract infection,FU follow-up, PPSV23 
Pneumococcal polysaccharide vaccine
a The last result within 12 months of before follow-up
b Received Influenza vaccine within the last year and 14 days before end of follow-up
c Received PPSV23 within the last five years and 14 days before end of follow-up
d Within 1 year before ART start and 60 days after
e Report of cocaine or injection drug (n = 23) ever use
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reported among HIV infected patients with CAP, but it is 
worth mentioning that all these reports focused on hospi-
talized patients, and therefore the sickest and/or the most 

vulnerable socially [12, 15, 16, 19]. The median CD4 
count was 56 (IQR 23-187) in hospitalized patients with 
respiratory conditions in Mexico [15], 88 (IQR 28-231) in 

Table 2  Time dependent Cox 
extended models for the risk of 
having lower respiratory tract 
infection during follow-up, INI 
cohort, 2000–2015

Bold values indicate statistical significance

INI Instituto Nacional de Infectologia Evandro Chagas, Rio de Janeiro, Brazil, HR hazard ratio, CI confi-
dence interval, PPSV23 pneumococcal polysaccharide
a Variables included in the model as time-dependent

Unadjusted HR (95% CI) Adjusted HR (95% CI)

Sex

 Male Ref. Ref.

 Female 1.04 (0.83, 1.29) 1.07 (0.85, 1.34)

Age category (in years)a

 <30 Ref. Ref.

 30–39 0.92 (0.68, 1,26) 0.92 (0.67, 1.25)

 40–49 0.73 (0.52, 1.01) 0.73 (0.53, 1.02)

 50–59 0.94 (0.65, 1.37) 0.96 (0.66, 1.41)

 60+ 1.40 (0.90, 2.18) 1.44 (0.92, 2.26)

Race/skin color

 White Ref.

 Non-white 1.28 (1.05, 1.58) 1.14 (0.93, 1.41)

Educational level

 Up to 9 years Ref.

 More than 9 years 0.61 (0.49, 0.75) 0.84 (0.67, 1.06)

Cocaine use

 No Ref. Ref

 Yes 2.01 (1.52, 2.65) 1.47 (1.07, 2.02)

Tobacco smoking (ever)

 No Ref. Ref.

 Yes 1.30 (1.04, 1.62) 1.23 (0.99, 1.53)

Alcohol drinking

 No Ref.

 Yes 1.16 (0.90, 1.49)

Diabetes mellitus

 No Ref.

 Yes 1.07 (0.79, 1.46)

Hepatitis C

 No Ref. Ref.

 Yes 1.51 (1.09, 2.10) 1.14 (0.80, 1.63)

CD4  counta (per 100cells/mm3 increase) 0.81 (0.77, 0.85) 0.86 (0.82, 0.91)

Last year HIV viral load (copies/mL)

 <400 Ref. Ref.

 ≥400 3.40 (2.67, 4.33) 2.20 (1.70, 2.86)

 Missing 1.21 (0.86, 1.71) 0.99 (0.69, 1.41)

Influenza  vaccinationa

 No Ref. Ref.

 Yes 0.60 (0.46, 0.79) 0.81 (0.61, 1.08)

PPVS23  vaccinationa

 No Ref. Ref.

 Yes 0.57 (0.45, 0.70) 0.81 (0.64, 1.03)
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hospitalized patients with non-AIDS related infections in 
West African countries [12]; 264 (IQR 108-451) in Ameri-
can patients with pulmonary diseases, mostly bacterial 
pneumonia and COPD [19], and 313 (100-460) in Danish 
patients hospitalized for bacterial pneumonia [16].

In our study, we showed that increases in CD4 count 
(included in the model as a time-updated variable) pro-
tected against LRTI with an aHR of 0.86 (0.82, 0.91) 
per 100 cells/mm3 increase. This finding is in accord-
ance with those from a North American cohort of HIV-
infected women, wherein increments of 50 CD4+ cells/
mm3 decreased the risk of CAP, with an aHR of 0.88 
(0.86–0.93) [21], a similar finding to ours. In a study on 
severe bacterial non-AIDS infection [8], when an adjusted 
model of pneumonia alone was used, CD4 counts as high 
as 350–499 cells/mL, compared with CD4 counts greater 
than 500 cells/mL, were associated with increased risk of 
infection (adjusted IRR 1.58, 95% CI 1.03–2.43).

In our cohort, patients of non-white race had a higher 
risk of LRTI. In Brazil, as in other countries in the Ameri-
cas, non-white groups are still in social disadvantage when 
compared to whites, for historical reasons. This gap is 
narrowing, but is still present. In parallel, a higher educa-
tional level (>9 years of formal education) was protective 
for LRTI. We used years of formal education as a proxy 
for socioeconomic level. The influence of socio-economic 
status on incidence of LRTI has not been reported on HIV 
positive patients. Paradoxically, however, socio-economic 
status did not affect pneumonia hospitalization outcomes 
such as death and ICU admission, but did increase length 
of hospital stay and readmission rates in studies in devel-
oped countries [22–24]. This has not been reported in HIV 
positive patients with pneumonia.

Our study showed a borderline increased risk of LRTI 
associated with age >60 years; age above 60 years has been 
shown to be associated with a higher risk for CAP in HIV 
infected patients [18] as well as in the general population [2].

Cocaine

Another independent variable associated with LRTI was 
cocaine use, with an aHR 1.47 (1.07, 2.02). Use of cocaine 
included any mode of administration such as smoking 
(freebase crack cocaine), inhalation of powder cocaine, or, 
infrequently, intravenous injection. Respiratory symptoms 
are common after cocaine exposure, particularly after 
exposure to the combustion products of crack cocaine; 
furthermore, smoking crack cocaine alters alveolar mac-
rophage function and cytokine production, severely lim-
iting their ability to kill bacteria [25]. A previous study 
has shown that smoking illicit drugs (marijuana, cocaine, 
or crack) increased the risk of CAP in HIV positive indi-
viduals [26]; in multivariate analysis smoking illicit drugs 

(OR 2.24, 95% CI 1.03–4.89) remained significantly asso-
ciated with bacterial pneumonia. More recently, it has 
been demonstrated that cocaine enhances the rate of HIV 
gene expression and replication by activating various sig-
nal transduction pathways and downstream transcription 
factors [27], and epidemiological associations between 
cocaine use and progression to AIDS [28] may have this 
pathophysiological underlying role. However, it must be 
emphasized that abusing drugs is well known to lead to 
poor compliance with antiretroviral therapy. A study by 
Nacher et al. in a large cohort of HIV positive individuals 
in the French Guiana showed that untreated patients and 
those taking HARRT, HIV-1 viral load was significantly 
higher among patients addicted to cocaine, after adjust-
ing for age, sex, and CD4 [29]. Patients addicted to crack 
cocaine were also more likely to progress to AIDS than 
those not using crack cocaine, controlling for age, sex, 
nationality, CD4, CD8, HAART use, and alcohol addic-
tion [29]. Crack cocaine users were more likely than 
non-users to develop a number of AIDS related illnesses, 
including bacterial pneumonia.

Vaccines

Importantly, a protective effect for 23-valent pneumococ-
cal vaccine and influenza vaccines were seen regarding 
acquisition of LRTI, although overall coverage of these 
vaccines was only 49% and 15% respectively in our 
cohort. Having been vaccinated for influenza (cHR 0.60, 
p value = 0.002) and for PPVS23 (cHR 0.57, p value 
<0.001) were associated with a lower risk for LRTI.

Vaccination of HIV positive individuals with the 
23-valent pneumococcal has long been recommended [30], 
but its effectiveness is debated [31, 32]. There are cur-
rently two types of pneumococcal vaccines—the PPV23, 
available since 1983, and the conjugate pneumococcal vac-
cine (PCV), containing 13 serotypes,available since 2010. 
In Brazil, the only vaccine available in the public health 
system is the PPV23, which is recommended at HIV diag-
nosis and 5 years after the first dose. Influenza vaccination 
is recommended annually. A recent meta-analysis con-
firmed that vaccination among HIV patients reduces both 
influenza-like illness and lab-confirmed influenza [33].

Limitations and strengths

Our study has some limitations. Firstly, our database 
does not reliably provide information on the intensity of 
tobacco use and alcohol consumption or on comorbidi-
ties such as COPD and heart failure, all of which have 
been associated with pneumonia in adults. Also, informa-
tion on cotrimoxazole prophylaxis was inconsistent, and 
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it may have provided a protective effect on LRTI. Lastly, 
our cohort population is non-probabilistic such that our 
findings may lack generalizability.

The strengths of our study are that it has a large num-
ber of patients (n = 2669) that have been enrolled and fol-
lowed as outpatients for a fair amount of time (3.9 years 
median). All patients were on ART so that its effect could 
be measured. Adherence to ART was objectively assessed 
by CD4 counts and viral loads, which were regularly ver-
ified in the outpatient clinic. Furthermore, data on vacci-
nation status was available for analysis.

Conclusions

LRTI has a high incidence in HIV infected adults using 
antiretroviral therapy.

Higher CD4 counts and undetectable viral loads were 
protective, reinforcing the importance of ART.

A protective effect for 23-valent pneumococcal vac-
cine and influenza vaccines was seen, despite low cover-
age for both.

Cocaine use was a strong predictor of LRTI in this 
population.

These data provide substrata for recommendations to 
curb the burden of LRTI in HIV positive adults. In the short 
term, early start of ART is mandatory, as is complying with 
the pneumococcal and flu vaccination guidelines. In the 
short and medium term, addressing the issue of cocaine 
drug abuse is very important. And in the medium to longer 
term, providing education to our population is crucial.
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