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Introduction 
• HIV infection exerts multiple effects on pulmonary immune 

responses: 
•  Generalised state of immune activation with accumulation of 

immune cells and pro-inflammatory mediators 
•   Impaired antibody and immune cell function 

•  Lung disease is a major cause of morbidity and mortality 
in people living with HIV (PLHIV), including both infections 
and non-communicable diseases (e.g. lung cancer, 
COPD). 

• ART improves/reverses many of the adverse effects of 
HIV on lung, pulmonary infections (e.g. pneumonia, TB) 
and lung cancer remain significant problems.  



What I have not covered… 
• Detailed immunology 
• Opportunistic infections other than TB 
• COPD 

•  Poorly controlled HIV is a risk factor for worsening pulmonary 
function and COPD. 

• Pulmonary hypertension 
• AIDS-defining lung malignancies e.g. Kaposi’s sarcoma, 

non-Hodgkin Lymphoma. 



HIV and pneumonia 



The changing face of HIV-associated pulmonary disease 

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

had higher rates of both upper and lower respiratory
infections than HIV-uninfected controls [2]. Respiratory
infections were more common at all CD4 T-cell strata
than for HIV-uninfected controls. Over 98% of
respiratory complications were infectious [2]. The most
frequent respiratory complications were acute bronchitis,
bacterial pneumonia and PCP [2].

Since the introduction of ART, the overall mortality of
HIV-infected patients, and the mortality caused by
pulmonary processes, has dropped dramatically (Fig. 1).
An analysis of the Center for Disease Control and
Prevention’s HIV Outpatient Study (HOPS), in which
over 7300 patients have been followed in over 180 000
visits since 1993, found reductions in overall pulmonary

mortality and morbidity between 1994 and 2003 (Fig. 2,
Fig. 3, Fig. 4).

Data from the HOPS study also demonstrate that
pulmonary disease has declined as a cause of hospital-
ization for HIV-infected patients compared with other
causes (Fig. 2). The increasing percentage of hospitali-
zations for cardiac etiologies also highlights the need to
recognize the potential for chest complaints to represent
atherosclerotic disease. A large, prospective study
demonstrated that cardiovascular events increase with
each year of ART [3].

The rates and causes of hospitalizations associated with
pulmonary disease from the HOPS cohort have also
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Fig. 1. Mortality and HAART use over time in HIV Outpatient Study (HOPS) cohort, fourth quarter, 2003 update.
Deaths per 100 person-years; pulmonary deaths per 100 person-years; percentage of patients on HAART.
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Fig. 2. Pulmonary, cardiovascular, and hepatic hospitaliz-
ations as percentage of total hospitalizations of HIV Out-
patient Study (HOPS) participants, fourth quarter, 2003
update. Total pulmonary diagnoses; total cardiovascular
diagnoses; total hepatic diagnoses; total renal diagnoses.
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Fig. 3. Specific pulmonary processes as a percentage of total
hospitalizations in the HIV Outpatient Study (HOPS) cohort,
fourth quarter, 2003 update. All pulmonary conditions;
Pneumocystis jiroveci pneumonia (PCP); non-PCP pneu-
monia; asthma, bronchitis, chronic obstructive pulmonary
disease; tuberculosis; lung cancer.

Since the introduction of ART, the overall mortality of HIV-infected patients, 
and the mortality caused by pulmonary processes, has dropped dramatically  

Grubb et al. AIDS 2006.   
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Fig. 1. Mortality and HAART use over time in HIV Outpatient Study (HOPS) cohort, fourth quarter, 2003 update.
Deaths per 100 person-years; pulmonary deaths per 100 person-years; percentage of patients on HAART.
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patient Study (HOPS) participants, fourth quarter, 2003
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Fig. 3. Specific pulmonary processes as a percentage of total
hospitalizations in the HIV Outpatient Study (HOPS) cohort,
fourth quarter, 2003 update. All pulmonary conditions;
Pneumocystis jiroveci pneumonia (PCP); non-PCP pneu-
monia; asthma, bronchitis, chronic obstructive pulmonary
disease; tuberculosis; lung cancer.
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changed since the beginning of the HIV epidemic
(Fig. 3). PCP is responsible for a declining fraction of the
pulmonary processes requiring hospitalization compared
with other types of pulmonary pathology (Fig. 3). In
particular, total cases, hospitalizations and deaths from
PCP have decreased since the beginning of the epidemic
(Fig. 4, Fig. 5). Some non-infectious etiologies, in
contrast, have not decreased as significantly since the
widespread use of ART (Fig. 3). Other studies have
corroborated these findings [4–8]. Practitioners are thus
seeing a very different spectrum of disease presenting in
HIV-infected patients.

Antiretroviral therapy as a cause of
respiratory disease

There are four specific issues regarding ART that deserve
special attention regarding respiratory manifestations.
First, patients may present with unexplained tachypnea
and dyspnea in the absence of pulmonary pathology.
Clinicians must recognize that the tachypnea and dyspnea
may be caused by nucleoside-induced lactic acidosis [9].
This lactic acidosis can be reversed by discontinuing the
offending agents if the clinician recognizes the etiological
link before end-organ damage is irreversible.

Second, enfuvirtide, or T-20, has been associated with an
increased incidence of bacterial pneumonias [10]. The
biological basis of the observation has not been explained.
There is little guidance available as to the need to stop
enfuvirtide if a bacterial pneumonia occurs in patients
taking this drug.

Third, abacavir can produce a hypersensitivity reaction,
with fever, rash, and myalgias. Patients can manifest
dyspnea (13%), cough (27%), and pharyngitis (13%) [11].
In approximately 20% of patients, pulmonary infiltrates
are seen [12]. If patients stop abacavir, and then restart it,
distributive shock and death can occur [13–15].
Clinicians thus need to consider this syndrome in their
differential diagnosis so that patients are not rechallenged
with abacavir, leading to disastrous consequences.

Fourth, antiretroviral agents can produce intense
immunological reactions (immune reconstitution syn-
dromes) that can be clinically important, or life
threatening.

Changing spectrum of pulmonary disease and HIV: editorial review Grubb et al. 1097
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Fig. 4. Pneumocystis jiroveci pneumonia deaths, hospitaliz-
ations, and total cases per 100 person-years, HIV Outpatient
Study (HOPS) cohort, fourth quarter, 2003 update. Total
Pneumocystis jiroveci pneumonia (PCP) cases; PCP hospi-
talizations; PCP deaths.

Fig. 5. Chest computed tomography of Pneumocystis jiroveci pneumonia at initial diagnosis and after 20 days of therapy.

Grubb et al. AIDS 2006.   

•  Pulmonary disease has declined as a cause of hospitalization for PLHIV compared 
with other causes. 

•  PCP is responsible for a declining fraction of pulmonary disease requiring 
hospitalization. Deaths from PCP have decreased markedly. 

•  But PCP remains the commonest AIDS-defining condition and the most frequent 
opportunistic infection in North America and Europe. 



Burden of bacterial pneumonia in PLHIV 
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samples were obtained for Gram’s staining, acid-fast staining, and
bacterial, fungal, and mycobacterial culture. Blood cultures were also
obtained and, in general, empirical therapy for bacterial pneumonia
was started pending the results of these studies.

 

Diagnosis of Bacterial Pneumonia

 

Cases of bacterial pneumonia were classified as confirmed if there
was rapid development of clinical findings compatible with that di-
agnosis, focal radiographic consolidation, and the isolation of a likely
pathogen in a relatively pure culture or as a predominant organism
from an adequate specimen of sputum (

 

!

 

25 polymorphonuclear cells
and 

 

"

 

10 epithelial cells per 100

 

#

 

 field), blood, bronchoalveolar-
lavage fluid, or pleural fluid. Cases were classified as presumed if
there was rapid development of compatible clinical findings, focal ra-
diographic consolidation, and the microscopical demonstration of a
likely pathogen in a smear of an adequate specimen of sputum, bron-
choalveolar-lavage fluid, or pleural fluid; typically, a predominant or-
ganism was noted on Gram’s staining of a smear. Cases were classi-
fied as probable if there was rapid development of radiographic focal
consolidation associated with fever, cough, purulent sputum, and leu-
kocytosis that responded to antibiotic therapy.

 

Statistical Analysis

 

Stratified analyses were used to examine the associations between
the participants’ base-line characteristics and the incidence of bacte-
rial pneumonia. The variables of interest included race, sex, HIV se-
rologic status, HIV-transmission category, CD4 lymphocyte count,
cigarette-smoking status, and alcohol consumption. Race was defined
as non-Hispanic white, non-Hispanic black, and other (including pri-
marily Hispanics, with a small number of Native Americans and
Asians or Pacific Islanders). There were three categories of smokers:
current smokers (at entry into the study), former smokers, and non-
smokers (those who had smoked fewer than 100 cigarettes in their
lifetime). Alcohol consumption was dichotomized as the consump-
tion of either less than one drink per day or one or more drinks per
day on average during the month before entry into the study.

The numerators of the rate estimates were based on all episodes
of bacterial pneumonia, including multiple episodes in the same per-
son. Unless otherwise noted, the denominators were based on per-
son-years of follow-up from entry into the study until the date of
death, termination of participation in the study, or March 1994,
whichever came first. The case fatality rate was calculated as the pro-
portion of patients with bacterial pneumonia who died within four
weeks after that diagnosis and in whom bacterial pneumonia was
judged to be the primary cause of death.

In addition to the stratified analyses, Cox regression models of
survivorship

 

11

 

 were used to assess the independent effects of the var-
ious predictors of bacterial pneumonia. These analyses, which pro-
vided estimates of adjusted rate ratios, were based only on the first
episode of bacterial pneumonia in each participant. Models that in-
volved CD4 lymphocyte counts and the use of trimethoprim–sulfa-
methoxazole prophylaxis included these terms as time-dependent co-
variates. In the analysis of these variables, participants could move
from one category to another during follow-up. Some models includ-
ed episodes of bacterial pneumonia as time-dependent predictors of
death. Checks of the proportional-hazards assumption using graphs
indicated that the models were appropriate for these data.

Unless otherwise noted, patients in all diagnostic categories (i.e.,
confirmed, presumed, and probable cases of bacterial pneumonia)
are represented in the analyses shown. All tests of statistical signifi-
cance were two-sided. A P value of 0.05 was considered to indicate
nominal statistical significance.

 

R

 

ESULTS

 

The participants were subdivided into three strata
according to their base-line CD4 lymphocyte counts:
less than 200 cells per cubic millimeter (217 HIV-pos-
itive participants), 200 to 500 per cubic millimeter

(498 HIV-positive and 20 HIV-negative participants),
and more than 500 per cubic millimeter (404 HIV-pos-
itive and 146 HIV-negative participants). These cutoff
points were chosen to reflect clinically relevant bench-
mark CD4 levels. Base-line CD4 lymphocyte counts
were unavailable for 11 HIV-positive participants and
1 HIV-negative participant.

The 1353 members of the cohort included 1171 HIV-
seropositive and 182 HIV-seronegative participants.
This analysis is based on 1130 HIV-positive partici-
pants (814 homosexual or bisexual men, 261 injection-
drug users, and 55 female partners of HIV-infected
men) and 167 HIV-negative participants (122 homo-
sexual or bisexual men and 45 injection-drug users)
who had at least one follow-up evaluation. During fol-
low-up, there were 237 episodes of bacterial pneumo-
nia in 181 HIV-positive persons. Bacterial pneumonia
occurred at a higher rate in this group (5.5 cases per
100 person-years) than 

 

P. carinii

 

 pneumonia (221 epi-
sodes in 157 participants; rate, 5.1 per 100 person-
years). The rate of bacterial pneumonia among the
HIV-positive participants was significantly higher than
that among the HIV-negative participants (0.9 per
100 person-years, P

 

$

 

0.001), five of whom had a total
of six episodes. Even in the stratum with the highest
base-line CD4 lymphocyte count (more than 500 cells
per cubic millimeter), the HIV-positive participants
had a significantly higher rate of pneumonia than did
the HIV-negative participants (P

 

%

 

0.004) (Fig. 1).
Among the HIV-infected participants, the rate of bac-
terial pneumonia was inversely related to the base-line
CD4 lymphocyte count (P

 

"

 

0.022 for each pairwise
comparison) (Fig. 1). Figure 2 shows the most recent
CD4 lymphocyte count (within six months) before
each participant’s initial episode of bacterial pneumo-

 

Figure 1. Rates of Bacterial Pneumonia in HIV-Seropositive and
HIV-Seronegative Study Participants, According to Base-Line

CD4 Lymphocyte Count.
The overall rate of pneumonia was significantly higher among
HIV-positive participants than among the HIV-negative partici-
pants (P

 

$

 

0.001). Among the HIV-positive participants, the rates
of pneumonia differed significantly according to the base-line
CD4 lymphocyte count (P

 

"

 

0.022 for each pairwise compari-
son). There were no HIV-negative participants with CD4 lym-
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Sullivan et al AJRCCM 2000; Hirschstick et al. NEJM 1995.   

•  HIV infection is associated with a 10 - 35-fold increased incidence of bacterial 
pneumonia.  

•  Increased risk of pneumonia evident throughout course of HIV infection, but greater as 
CD4 cell count decreases.  

•  ART reduces but does not abolish excess risk. 

 

Sullivan, Moore, Keruly, 

 

et al.

 

: Antiretroviral Therapy and Bacterial Pneumonia 65

 

an episode of bacterial pneumonia. Incidence rates were calculated by
summing the number of episodes of bacterial pneumonia diagnosed in
each 6-mo period and dividing by total follow-up time during the half-
year and multiplying by 100. The incidence rate for 1993–1994 was
compared with the incidence in 1996–1998 by Poisson regression anal-
ysis. Poisson regression analysis was also used to assess the univariate
association between the rate of bacterial pneumonia and demo-
graphic and clinical variables. The covariates of greatest interest were
known risk factors for developing bacterial pneumonia (prior PCP,
CD4 cell count, race, and age dichotimized into 

 

.

 

 40 or 

 

,

 

 40 yr), pro-
phylactic treatments (trimethoprim-sulfamethoxazole and macro-
lides), and antiretroviral regimens (monotherapy or dual therapy with
nucleoside analogues, or combination therapy including a protease in-
hibitor). CD 4 counts and medication usage were modeled as time-
dependent covariates and required at least 30 d of use. Covariates that
were significant in the univariate analysis or known to be biologically
important were entered into a multivariate Poisson regression model
using a generalized estimating equation methodology (PROC GEN-
MOD). This model had a dependent variable of bacterial pneumonia,
used a Poisson distribution and log-link function, and assumed an ex-
hangeable correlation structure. The model was used to estimate the
risk of bacterial pneumonia relative to type of antiretroviral therapy
controlling for the covariates CD4 cell count (categorized as 

 

<

 

 50, 51
to 100, 

 

>

 

 101), trimethoprim-sulfamethoxazole prophylaxis, macrolide
prophylaxis, HIV transmission category, and prior episodes of PCP.
The Wald chi-square test was used to test significance.

 

RESULTS

 

There were 1,898 HIV-infected patients with nadir CD4 cell
counts 

 

,

 

 200 cells/mm

 

3

 

 included in this analysis. The median
duration of follow-up was 721 d, with total follow-up time of
27,720 person-months. The population was 74%  male, 78%
African American, and had a median age of 36 yr (range, 17 to
76 yr). The major risk factor for HIV transmission was injec-
tion drug use (IDU, Table 1). Overall, 11%  of patients were
lost to follow-up for more than 1 yr.

Age, race, sex, proportion from each HIV transmission cat-
egory, and the proportion of persons in each category of CD4
cell count remained stable over the 5 yr of observation (chi-
square, p 

 

.

 

 0.05).
During the study, the pattern of antiretroviral drug use

changed dramatically among patients with CD4 cell counts

 

,

 

 200. The proportion of patients with any antiretroviral ther-
apy remained relatively constant from 1993 to June 1998 at
79 to 86% . However, there was a change from the routine use
of nucleoside analogue monotherapy to the use of protease
inhibitor–containing regimens in the first half of 1996 (Fig-
ure 1). The use of protease inhibitor–containing regimens rose
from 0%  before 1995, to 12%  in 1995, to 53%  in 1996, and to

 

.

 

 60%  in 1998. Between 1996 and 1998 there was a significant
difference in use of protease inhibitor–containing regimens
between homosexual males (67% ) and IDUs (50% ). How-

ever, the use of protease inhibitor–containing regimens was sim-
ilar between individuals in categories of CD4 cell count (

 

<

 

 50, 51
to 100, 

 

>

 

 101).
The rate of use of trimethoprim-sulfamethoxazole prophy-

laxis for PCP prevention was constant during the 66 mo of ob-
servation, ranging from 85 to 92% . The median CD4 cell
count at initiation of PCP prophylaxis ranged between 121–
126 cells/mm

 

3

 

 and did not differ by study year (rank sum test
p 

 

.

 

 0.2).
The proportion of persons receiving MAC prophylaxis

with macrolides changed dramatically over the study interval
among persons with CD4 cell counts 

 

,

 

 50 cells/mm

 

3

 

. The pro-
portion of eligible patients receiving macrolides was less than
20 %  in 1993 but increased to 63%  by the first half of 1996.
The use of macrolides increased steadily to 87% of patients
with a nadir CD4 cell count 

 

,

 

 50 cells/mm

 

3

 

 by end of the first
semester of 1998.

During the study interval, there were 352 episodes of bacte-
rial pneumonia in 172 members of the clinic cohort. The 352
episodes of pneumonia represent 221 microbiologically con-
firmed cases and 131 cases defined by clinical criteria. After
remaining relatively constant from 1993 to 1995, the incidence
of bacterial pneumonia declined significantly in 1996 and con-
tinued to decline through 1997. Bacterial pneumonia de-
creased from 22.7 episodes/100 py in the first half of 1993 to
12.3 episodes in the first half of 1996 and reached a nadir of 9.1
episodes/100 py in the second half of 1997 (Figure 1). The inci-
dence in 1996–1998 was significantly lower than in 1993–1994
(p 

 

,

 

 0.05). An analysis of only microbiologically confirmed
episodes of bacterial pneumonia showed a similar reduction in
incidence of bacterial pneumonia, with 14.3 episodes/100 py in
the first half of 1993 compared with 8.4 episodes/100 py in the
first half of 1996 (p 

 

5

 

 0.07) and reaching a nadir of 5.7 epi-
sodes/100 py in the second half of 1997 (p 

 

5

 

 0.04, Figure 1).
The reduction in bacterial pneumonia was similar among

men and women, persons 

 

>

 

 40 and 

 

,

 

 40 yr old, and among
persons receiving and not receiving chemoprophylaxis for op-
portunistic infections. Although IDUs had a slight decline in
the incidence of bacterial pneumonia during the period of
study, it was significantly less than that of gay males. Between
1995 and 1998 bacterial pneumonia rates declined nonsignifi-
cantly in IDU from 19.2 episodes/100 py to 14.1 episodes/100

 

TABLE 1
CHARACTERISTICS OF STUDY POPULATION (n

 

5

 

1,898)

 

Variable n %

Race
African-American 1,485 78.2
White 389 20.5
Other 24 1.3

Sex
Male 1,406 74.0
Female 483 26.0

HIV transmission category
Gay male 645 34.0
Heterosexual contact 264 13.9
IDU 989 52.1

Figure 1. Relation between the change in the incidence of bacterial
pneumonia and increased use of protease inhibitor–containing regi-
mens.



monia was the single most frequent clinical event reported—
occurring in 116 persons, or 2.1% of the population—during the
mean follow-up period of 16 months. Most participants had only
a single episode of bacterial pneumonia, although 11 persons had
at least two episodes within a year (i.e., an AIDS-defining event).

This analysis has identified two factors strongly associated
with an increased risk of bacterial pneumonia in HIV-infected
patients: (1) the episodic use of antiretroviral therapy and (2)
cigarette smoking.

The increased risk of bacterial pneumonia with a decrease in
CD4 cell count, recognized in earlier cohort studies (4, 5, 10, 14),
was also evident in SMART. Participants in the DC group were
significantly more likely to develop bacterial pneumonia due, in
large part, to the lower average CD4 cell count in the DC group.
The mean CD4 cell count before a bacterial pneumonia event was
460 cells/mm3 in the DC group (IQR, 299–572), compared with
611 cells/mm3 in the VS group (IQR, 398–733) (P 5 0.004). There
was a clear trend toward higher rates of bacterial pneumonia as
the CD4 cell counts declined (Table 4). For example, for all
people in the study, the risk of bacterial pneumonia was 3.3 per

100 person-years for those with fewer than 250 CD4 cells,
compared with a risk of 1.4 per 100 person-years for those with
500 or more CD4 cells. We demonstrated that this association
holds for participants receiving continuous potent antiretroviral
therapy: For participants in the VS group, the risk of bacterial
pneumonia was 2.8 per 100 person-years for those with fewer than
250 CD4 cells compared with a rate of 1.0 per 100 person-years for
those with 500 or more CD4 cells.

An additional important finding is the demonstration that
antiretroviral therapy reduces the risk of bacterial pneumonia,
even for persons with CD4 cell counts that are usually considered
high (>500). In SMART, participants with recent CD4 cell counts
of 500 or more in the DC group (predominantly off antiretro-
viral therapy) had over twice the risk of developing bacterial
pneumonia—a rate of 2.1 per 100 person-years—compared with
participants in the VS group (predominantly on therapy) with
a risk of 1.0 per 100 person-years (P 5 0.01). Thus, even for
individuals with CD4 cell counts above the range where HIV
treatment is usually initiated, the use of antiretroviral therapy
lessened the chance of developing bacterial pneumonia.

TABLE 3. BASELINE PREDICTORS FOR BACTERIAL PNEUMONIA BY STUDY ARMS—DRUG
CONSERVATION AND VIRAL SUPPRESSION

Univariate Cox Regression* Multivariate Cox Regression†

Predictors n (%) Hazard Ratio 95% CI P Value Hazard Ratio 95% CI P Value

Treatment group
DC 2720 (49.7) 1.55 1.07–2.25 0.02 1.55 1.07–2.25 0.02
VS 2752 (50.3)

Baseline CD4 (per 100 cells/mm3) 0.95 0.88–1.03 0.18 0.97 0.89–1.06 0.52
Nadir CD4 (per 100 cells/mm3) 0.98 0.88–1.09 0.72 0.98 0.87–1.10 0.70
Baseline HIV-RNA, log10 copies/ml 1.19 1.02–1.39 0.04 1.11 0.93–1.33 0.26
Cigarette smoking

Current 2,215 (40.5) 2.19 1.34–3.60 0.002 1.82 1.09–3.04 0.02
Past 1,358 (24.8) 1.80 1.04–3.11 0.03 1.64 0.94–2.86 0.08
Never (ref) 1,899 (34.7) 1.00 1.00

Injection drug use
Yes 532 (9.7) 2.04 1.32–3.16 0.001 1.50 0.95–2.38 0.09
No (ref) 4,940 (90.3)

Race
White (ref) 3,041 (55.6) 1.00 1.00
Black 1,595 (29.1) 1.66 1.13–2.45 0.01 1.45 0.96–2.20 0.08
Other 836 (15.3) 0.80 0.43–1.52 0.50 0.79 0.41–1.50 0.47

Sex
Male 3,986 (72.8) 0.99 0.65–1.51 0.97 1.04 0.67–1.61 0.86
Female (ref) 1,486 (27.2)

Prior recurrent bacterial pneumonia‡

Yes 97 (1.8) 3.61 1.88–6.91 0.0001 2.60 1.33–5.09 0.005
No (ref) 5,375 (98.2)

Definition of abbreviations: CI 5 confidence interval; DC 5 drug conservation; VS 5 viral suppression.
* Adjusted for treatment group.
† Adjusted for treatment group and all other variables.
‡ Within 12 months, fewer than episodes of pneumonia.

TABLE 4. FIRST OCCURRENCE OF BACTERIAL PNEUMONIA BY PROXIMAL CD4 CELL COUNT CATEGORY

DC Group VS Group Overall

CD4 Category PY* Events† Rate‡ PY* Events† Rate‡ PY* Events† Rate‡ RR (DC/VS) P Value

,250 cells/mm3 317 11 3.5 72 2 2.8 388 13 3.3 1.25 0.775
250–349 cells/mm3 773 13 1.7 202 6 3.0 975 19 1.9 0.56 0.247
350–499 cells/mm3 1,193 19 1.6 820 12 1.5 2,013 31 1.5 1.09 0.818
5001 cells/mm3 1,295 27 2.1 2,541 26 1.0 3,836 53 1.4 2.04 0.010
Total 3,577 70 2.0 3,634 46 1.3 7,211 116 1.6 1.55 0.022

Definition of abbreviations: DC 5 drug conservation; PY 5 person-years; RR 5 relative risk; VS 5 viral suppression.
* Time spent in a given CD4 category, censored at event.
† Bacterial pneumonia with proximal CD4 cell count in the given category.
‡ Per 100 person-years.

Gordin, Roediger, Girard, et al.: Pneumonia in HIV-infected Persons 633

•  In this sub-analysis of the SMART study: 
•  Bacterial pneumonia was the single most common event – occurring in 2.1% 
•  Episodic ART was associated with a 55% increased risk of pneumonia overall; increased risk still 

apparent in patients with CD4 count >500. 
•  In virologically-suppressed patients, smoking was the strongest risk factor for pneumonia (3-fold 

risk). 
Gordin et al AJRCCM 2008.   

Risk factors for pneumonia 



Causes of pneumonia in PLHIV 

TABLE 1 Baseline characteristics of the whole population and of subgroups according to the time of HIV diagnosis

Variables Total population HIV diagnosis prior to
hospitalisation

HIV diagnosis during
hospitalisation

p-value#

Subjects n 331 274 57
Demographics

Age years mean¡SD 42.1¡9.5 42.7¡9.1 39.4¡10.7 0.017
Males 243 (73.4) 193 (70.4) 50 (87.7) 0.007

Current smoking 220 (66.9) 192 (70.6) 28 (49.1) 0.002
Current alcohol abuse 87 (26.5) 73 (26.9) 14 (24.6) 0.72
Previous antibiotic 59 (17.8) 42 (15.3) 17 (29.8) 0.009
Influenza vaccine 20 (7.2) 19 (8.4) 1 (2.0) 0.11
Pneumococcal vaccine 17 (6.2) 17 (7.6) 0 (0) 0.042
Time with symptoms days median (IQR) 5.0 (3.0–7.0) 5.0 (3.0–7.0) 7.0 (5.0–14.0) 0.001
HAART 170 (51.4) 165 (60.2) 5 (8.8) ,0.001
Cotrimoxazole prophylaxis 134 (40.5) 130 (47.4) 4 (7.0) ,0.001
Co-infection with HCV 140 (42.3) 130 (47.4) 10 (17.5) ,0.001
Co-infection with HBV 31 (9.4) 27 (9.9) 4 (7.0) 0.50
Late presenters" 206 (62.2) 160 (58.4) 46 (80.7) 0.002
Comorbidity

Chronic respiratory disease 97 (29.3) 91 (33.2) 6 (10.5) 0.001
Chronic cardiovascular disease 9 (2.7) 7 (2.6) 2 (3.5) 0.69
Diabetes mellitus 14 (4.3) 13 (4.8) 1 (1.8) 0.30
Neurological disease 89 (27.1) 82 (30.1) 7 (12.3) 0.006
Chronic renal disease 16 (4.8) 15 (5.5) 1 (1.8) 0.23
Chronic liver disease 108 (32.6) 100 (36.5) 8 (14.0) 0.001

CD4+ cells per mm3 ,0.001
,200 128 (38.7) 86 (31.4) 42 (73.7)
o200 203 (61.3) 188 (68.6) 15 (26.3)

Plasma HIV RNA copies per mL ,0.001
,200 99 (29.9) 96 (35.0) 3 (5.3)
o200 232 (70.1) 178 (65.0) 54 (94.7)

Data are presented as n (%), unless otherwise stated. Percentages calculated from nonmissing data. IQR: interquartile range; HAART: highly active
retroviral therapy; HCV: hepatitis C virus; HBV: hepatitis B virus. #: for comparisons between HIV diagnosis prior to and during hospitalisation;
": persons presenting with pneumonia with a CD4+ count ,350 cells per mm3. Bold indicates statistical significance.

TABLE 2 Microbial aetiology in the whole HIV population (n5331) and subgroups according to the time of HIV diagnosis

Microorganisms Total population HIV diagnosis prior to
hospitalisation

HIV diagnosis during
hospitalisation

p-value#

Subjects n 331 274 57
Unknown aetiology 104 (31.4) 91 (33.2) 13 (22.8) 0.12
Streptococcus pneumoniae 100 (30.2) 90 (32.8) 10 (17.5) 0.022
Pneumocystis jirovecii 42 (12.7) 22 (8.0) 20 (35.1) ,0.001
Mixed aetiology" 38 (11.5) 28 (10.2) 10 (17.5) 0.11
Respiratory viruses+ 18 (5.4) 18 (6.6) 0 (0) 0.047
Haemophilus influenzae 7 (2.1) 6 (2.2) 1 (1.8) 0.84
Staphylococcus aureus 6 (1.8) 6 (2.2) 0 (0) 0.59
Pseudomonas aeruginosa 4 (1.2) 4 (1.5) 0 (0) .0.99
Legionella pneumophila 3 (0.9) 3 (1.1) 0 (0) .0.99
Escherichia coli 1 (0.3) 1 (0.4) 0 (0) .0.99
Klebsiella pneumoniae 1 (0.3) 1 (0.4) 0 (0) .0.99
Mycoplasma pneumoniae 1 (0.3) 0 (0) 1 (1.8) 0.17
Other1 6 (1.8) 4 (1.5) 2 (3.5) 0.28

Data are expressed as n (%), unless otherwise stated. #: for comparisons between HIV diagnosis prior to and during hospitalisation;
": S. pneumoniae plus influenza virus A, H. influenzae plus influenza virus A, S. pneumoniae plus adenovirus, S. pneumoniae plus rhinovirus,
L. pneumophila plus rhinovirus or S. pneumoniae plus P. aeruginosa; +: influenza virus A or B, rhinovirus, adenovirus, respiratory syncytial virus, or
parainfluenza virus 2 or 3; 1: Enterococcus faecalis, Streptococcus sanguis, Streptococcus constellatus, Fusobacterium or Streptococcus pyogenes.
Bold indicates statistical significance.
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•  In this cohort of PLHIV hospitalised with pneumonia in Spain in 2007-2012: 
•  Streptococcus pneumoniae was the commonest cause overall 
•  PCP was the commonest cause in patients with CD4 <200 and those newly diagnosed with HIV 
•  Overall mortality rate was 7% 

Cilloniz et al ERJ 2013.   
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!

Figure'1.1' Diagnostic'algorithm'of'pneumonia'in'HIV9infected'patients'in'
well9resourced'setting.'Adapted!from!(Benito!et!al.,!2012).'

CXR,!chest!radiograph;!CT,!computerised!tomography;!PCR,!polymerase!chain!reaction;!BAL,!
bronchoalveolar!lavage;!TBLB,!transbronchial!lung!biopsy;!CMV,!cytomegalovirus;!MRSA,!
methicillin!resistant!Staphylococcus+aureus;!MDR,!multiKdrug!resistant;!VATS,!videoKassisted!
thoracoscopic!surgery!
1!Proceed!to!induced!sputum!for!microscopy!and!culture!for!mycobacteria!if!standard!sputum!
unavailable.!!
2!Rationalised!in!light!of!investigations.!
!

Basic&inves*ga*ons!
Expectorated!sputum:!microscopy!and!culture!
for!bacteria,!fungi,!mycobacteria1!

Urinary!an:gen!tests!for!S.#pneumoniae!and!
Legionella#pneumophila#
Nasopharyngeal!aspirate!for!respiratory!virus!
PCR!
Two!sets!of!blood!cultures!
!

!!
!!Ini*al&management2!

Empirical!an:bacterial!treatment;!
consider!need!for!cover!for!MRSA,!
GramInega:ve!(including!
Pseudomonas!and!MDR)!and!atypical!
pathogens!

HIV3posi*ve&pa*ent&with&&
suspected&pneumonia!

Unilateral,!focal!infiltrate!

Diagnosis!and/or!
improvement!

Complete!treatment!
!!

Ae:ological!diagnosis!
!!

Imaging&
CXR!!
Proceed!to!CT!scan:!if!CXR!nonIdiagnos:c;!
mul:ple,!diffuse!or!cavitary!infiltrates!

Mul:ple,!diffuse!infiltrates!

No!diagnosis!and!
no!improvement!

Extended&inves*ga*ons!
Inves:ga:ons!as!per!unilateral,!focal!!infiltrate!
Fibreop:c!bronchoscopy!with!BAL!+/I!TBLB!
specimens:!microscopy!and!culture!for!bacteria,!
fungi!and!mycobacteria;!PCR!+/I!microscopy!for!
Pneumocys5s#jirovecii;!respiratory!virus!PCR;!
CMV!viral!an:gen;!!

Consider!empirical!
treatment!escala:on!and!!
further!imaging!!

Advanced&inves*ga*ons&
Lung!biopsy:!CTIguided!needle!
biopsy,!VATS!or!open!lung!biopsy;!
inves:ga:ons!as!per!
bronchoscopy!specimens!

Ini*al&management2!

Empirical!an:bacterial!treatment!as!
per!unilateral,!focal!infiltrate!
Consider!empirical!treatment!for!P.#
jirovecii,#influenza!and,!if!at!risk,!TB!

No!diagnosis!and!
no!improvement!

Specific!treatment!
!!

Benito et al ERJ 2012.   



Preventing pneumonia – vaccination 

•  Pneumococcal disease 
•  HIV-positive adults should receive a single dose of PCV-13 (pneumococcal 

conjugate vaccine) irrespective of CD4 cell count, ART use and viral load. 
•  HIV-positive adults >65 years or with co-morbidity other than HIV should 

follow also receive PPV-23 (pneumococcal polysaccharide vaccine). 
 

•  Influenza 
•  HIV-positive adults should be offered annual influenza vaccination with 

injected non-replicating vaccine, ideally between September and 
November. 

•  Close contacts of HIV-positive persons should also be offered annual 
influenza vaccination. 

BHIVA guidelines 2015.   



Tuberculosis 
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Estimated new 
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0–24.9
25–99
100–199
200–299
≥300
No data
Not applicable

:: FIG. 3.3 
Estimated TB incidence rates, 2015
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:: FIG. 3.4 
Estimated HIV prevalence in new and relapse TB cases, 2015In 2015, there were an estimated 10.4 million new cases of tuberculosis (TB) resulting in 

approximately 1.8 million deaths. More than 85% of total global cases occur in Asia and 
sub-Saharan Africa. TB is one of the top 10 causes of death worldwide. 

WHO Global TB report 2016   


