
Predicting mortality from HIV-associated
Pneumocystis pneumonia at illness presentation: an
observational cohort study

M W Fei,1 E J Kim,1 C A Sant,1 L G Jarlsberg,1 J L Davis,1 A Swartzman,2 L Huang1

1 Division of Pulmonary and
Critical Care Medicine, San
Francisco General Hospital,
University of California, San
Francisco, San Francisco,
California, USA; 2 HIV/AIDS
Division, San Francisco General
Hospital, University of California,
San Francisco, San Francisco,
California, USA

Correspondence to:
Dr M W Fei, Division of
Pulmonary and Critical Care
Medicine, San Francisco General
Hospital, 1001 Potrero Avenue,
Room 5K1, San Francisco, CA
94110, USA; matt.w.fei@gmail.
com

Received 13 April 2009
Accepted 11 September 2009
Published Online First
12 October 2009

ABSTRACT
Background: Although the use of antiretroviral therapy
has led to dramatic declines in AIDS-associated mortality,
Pneumocystis pneumonia (PCP) remains a leading cause
of death in HIV-infected patients.
Objectives: To measure mortality, identify predictors of
mortality at time of illness presentation and derive a PCP
mortality prediction rule that stratifies patients by risk for
mortality.
Methods: An observational cohort study with case note
review of all HIV-infected persons with a laboratory
diagnosis of PCP at San Francisco General Hospital from
1997 to 2006.
Results: 451 patients were diagnosed with PCP on 524
occasions. In-hospital mortality was 10.3%. Multivariate
analysis identified five significant predictors of mortality:
age (adjusted odds ratio (AOR) per 10-year increase,
1.69; 95% CI 1.08 to 2.65; p = 0.02); recent injection
drug use (AOR 2.86; 95% CI 1.28 to 6.42; p = 0.01); total
bilirubin .0.6 mg/dl (AOR 2.59; 95% CI 1.19 to 5.62;
p = 0.02); serum albumin ,3 g/dl (AOR 3.63; 95% CI
1.72–7.66; p = 0.001); and alveolar–arterial oxygen
gradient >50 mm Hg (AOR 3.02; 95% CI 1.41 to 6.47;
p = 0.004). Using these five predictors, a six-point PCP
mortality prediction rule was derived that stratifies
patients according to increasing risk of mortality: score 0–
1, 4%; score 2–3, 12%; score 4–5, 48%.
Conclusions: The PCP mortality prediction rule stratifies
patients by mortality risk at the time of illness
presentation and should be validated as a clinical tool.

In 1996, the approval of HIV protease inhibitors and
their use in combination with two nucleoside reverse
transcriptase inhibitors heralded the current era of
combination antiretroviral therapy (CART) that has
witnessed dramatic declines in AIDS-associated
mortality.1 Pneumocystis pneumonia (PCP), however,
remains the most common AIDS-defining illness in
the current era, and is a frequent cause of morbidity
and mortality in HIV-infected patients.2 3 In the pre-
CART era, mortality from PCP ranged from 10% to
30%,4–9 with even higher mortality rates of 35–85%
in patients requiring admission to an intensive care
unit (ICU).10–16 In comparison, few studies have
examined PCP mortality in the CART era. One
study based in North America reported a PCP
mortality of 11.6% in the CART era,17 while a study
based in the UK reported a decrease in PCP mortality
during the pre-CART to CART eras from 14.8% to
9.7% (p = 0.142).18 None of the patients, however,
was receiving CART.18 Whether mortality from PCP
has changed since the introduction of CART is an
important, unanswered question.

Previous studies have reported predictors of
mortality in HIV-infected patients with PCP. In
multivariate analysis, age,18 19 alveolar–arterial oxy-
gen gradient (A–a O2 gradient),9 20 serum albu-
min,12 17 20 total lymphocyte count,9 haemoglobin,18

serum lactate dehydrogenase (LDH)5 and body
mass index9 have been reported to be predictors of
mortality. Results have been inconsistent, as not
all studies were powered to identify each variable
(eg, age, PaO2 or LDH) as predictors of mortal-
ity.19 21 In addition, most of these studies were
performed before the introduction of CART and
included patients who were presumptively diag-
nosed with PCP without laboratory confirma-
tion.9 22 Finally, some predictors of mortality,
such as HIV wasting, are subject to variability in
provider interpretation, while others, such as
bronchoalveolar lavage (BAL) neutrophilia or pul-
monary Kaposi sarcoma, require specialty consulta-
tion and bronchoscopy and are therefore only
performed in a subset of persons later in the hospital
course.8 18 21 Because of these limitations, clinicians
lack a simple tool for stratifying patients with PCP
by risk for mortality at illness presentation.

Therefore, we performed a retrospective obser-
vational cohort study with case note review of all
HIV-infected patients with laboratory-diagnosed
PCP at San Francisco General Hospital (SFGH) in
the decade immediately after the introduction of
CART. Our three goals were to measure in-
hospital mortality in the CART era; to identify
objective, independent predictors of mortality that
are available at the time of illness presentation; and
to derive a PCP mortality prediction rule that
stratifies patients by risk for in-hospital mortality.

MATERIALS AND METHODS

Patients
Patients were consecutive HIV-infected persons
diagnosed with PCP at SFGH between 1 January
1997 and 31 December 2006. PCP was diagnosed by
identification of Pneumocystis cystic or trophic forms
on microscopic examination of Giemsa-stained
(Diff-Quik stain, Dade Behring, Newark, Delaware,
USA) induced sputum or BAL specimens. We
identified PCP cases by reviewing a registry of all
diagnostic tests performed for PCP in the Division of
Pulmonary and Critical Care Medicine. Because the
Pulmonary Division performs all diagnostic proce-
dures (sputum induction and bronchoscopy) for PCP
and the standard of care is to confirm the diagnosis
of PCP, it is unlikely that any cases were treated
empirically or diagnosed without our involvement or
knowledge.23 We confirmed all cases using the SFGH
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electronic medical record. The University of California, San
Francisco Committee on Human Research approved the study
protocol.

Data collection
Data were collected by case note review using standardised
abstraction forms and predetermined definitions. Predictor
variables consisted of demographic characteristics, medical
history, initial vital signs, and laboratory data at presentation.
CART was defined as use of at least three antiretroviral agents
from two or more drug classes. Mortality was defined as death
in the hospital or after transfer to hospice care.

Statistical analysis
Statistical analysis was performed using SAS version 9.1 (SAS
Institute, Cary, North Carolina, USA). Bivariate and multi-
variate analyses were performed using logistic regression with
mortality as the dependent variable. We used general estimating
equations to adjust for clustered values among multiple PCP
episodes of the same patient; multiple episodes per patient were
ordered by visit date. Predictors with non-normal distribution
were dichotomised using cut-off points based on either median
or clinically relevant values. We considered all predictors with p
values ,0.05 in bivariate analysis for inclusion in the multi-
variate model. However, to avoid a multicolinear effect with
CD4 cell count and A–a O2 gradient, respectively, total
lymphocyte count and oxygen saturation were excluded from
the multivariate model. There was a strong positive linear
correlation between age and blood urea nitrogen (BUN)
(Pearson correlation coefficient = 0.24, p,0.001). Therefore,
BUN was excluded from the model because earlier studies have
reported age rather than BUN as a predictor of PCP mortal-
ity.18 19 To develop the best-fit model, we used stepwise logistic
regression and specified a level of significance (alpha) .0.10 for
elimination. To assess for trend in PCP mortality over time, we
performed Poisson regression with a variable for calendar year,
setting 1997 equal to 0 and increasing the value by 1 for each
subsequent year.24 All statistical tests were two-sided; a p value
,0.05 was considered statistically significant.

RESULTS
From 1 January 1997 to 31 December 2006, 524 consecutive
episodes of PCP were diagnosed in 451 HIV-infected patients at
SFGH. Overall, 503 episodes (96%) required hospitalisation and
21 episodes (4%) were treated as outpatients; no subject treated
for PCP as an outpatient died in the month following diagnosis.
The number of PCP cases per year decreased throughout the
study period, from a high of 74 cases in 1998 to a low of 28 cases
in 2006. There was no significant change in mortality by study
year, which ranged from 5% to 15% (p = 0.40). A total of 56
patients had more than one episode of PCP diagnosed during the
study period. There was no significant difference in mortality
between a first episode of PCP and a repeat episode (11% (48 of
451 first episodes) vs 8% (6 of 73 repeat episodes), respectively,
p = 0.54).

Demographic and clinical characteristics at admission
The mean age of the cohort was 41 years, and the majority were
men (87%) and of non-white race (53%) (table 1). While the
main risk factor for HIV infection was being a man who has sex
with other men (59%), injection drug use was also common
(37%). HIV was newly diagnosed during evaluation for PCP in
121 patients (23%). Patients were severely immunosuppressed

at presentation, with a median CD4 cell count of 29 cells/ml
(interquartile range (IQR) 13–64 cells/ml). While 52% of patients
had a history of opportunistic infection, only 11% were taking
CART and 15% were taking PCP prophylaxis. The median CD4
cell count in patients taking CART prior to admission was not
significantly different compared with patients not taking CART

Table 1 Characteristics of 524 HIV-infected patients with
Pneumocystis pneumonia at San Francisco General Hospital, 1997–2006

Characteristics Number of cases (%)* (n = 524)

Sociodemographic

Mean age, years 41 (8)

Male gender 456 (87)

Race

White 248 (47)

Black 153 (29)

Other 123 (23)

History of tobacco use (n = 504) 347 (69)

History of injection drug use (n = 506){
Recent 95 (19)

Past 90 (18)

Never 321 (63)

Homeless (n = 508) 72 (14)

Medical history

HIV risk factor{
Men who have sex with men (n = 454) 268 (59)

Injection drug use (n = 506) 185 (37)

Heterosexual sex (n = 454) 104 (23)

New diagnosis of HIV (n = 522) 121 (23)

Medical co-morbidity1 (n = 524) 293 (56)

History of any opportunistic infection (n = 506) 265 (52)

History of PCP (n = 511) 138 (27)

History of cutaneous, oral or pulmonary KS
(n = 524)

31 (6)

Pulmonary KS at admission (n = 172) 10 (6)

CART prior to admission (n = 516) 58 (11)

PCP prophylaxis (n = 515) 75 (15)

Vital signs

Mean temperature, uC (n = 492) 38.5 (1.0)

Mean pulse, beats/min (n = 492) 107 (18)

Mean systolic blood pressure, mm Hg (n = 491) 107 (15)

Median respiratory rate, breaths/min (n = 492) 22 (20–28)

Median room air oxygen saturation, % (n = 475) 91 (87–95)

Laboratory values

Median CD4 cell count, cells/ml (n = 515) 29 (13–64)

Median HIV viral load, log copies/ml (n = 492) 12.1 (11.2–12.8)

Median total lymphocyte count, 109/l (n = 504) 0.7 (0.4–1.1)

Mean haematocrit, % (n = 522) 34.8 (5.4)

Mean sodium, mmol/l (n = 519) 136 (4)

Median BUN, mg/dl (n = 512) 13 (10–17)

Median creatinine, mg/dl (n = 519) 0.9 (0.8–1.0)

Median INR (n = 268) 1.1 (1.0–1.3)

Median total bilirubin, mg/dl (n = 470) 0.6 (0.4–0.8)

Mean albumin, g/dl (n = 464) 3.1 (0.6)

Median A–a O2 gradient, mm Hg (n = 431) 47 (33–61)

Median LDH, U/l (n = 477) 358 (270–503)

*Values are shown as number (%) unless otherwise stated; means are presented with
the SD, medians with the IQR.
{Recent injection drug use is defined as drug use during the 6 months before
admission; past injection drug use is defined as last drug use .6 months before
admission.
{Total n (%) exceeds 524 (100%) because of 92 patients with multiple HIV risk factors.
1Medical co-morbidity is defined as having a history of opportunistic infection, renal
failure (creatinine .1.2 mg/dl) or hepatic insufficiency (INR>1.2).
A–a O2 gradient, alveolar–arterial oxygen gradient; BUN, blood urea nitrogen; CART,
combination antiretroviral therapy; INR, international normalised ratio; KS, Kaposi
sarcoma; LDH, lactate dehydrogenase; PCP, Pneumocystis pneumonia.
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(36 vs 28 cells/ml, p = 0.89). However, patients taking CART
had a significantly lower HIV viral load (11.5 vs 12.2 log copies/
ml, p = 0.001). Of the patients taking CART, 44% had initiated
treatment in the 2 months prior to admission. There were no
significant differences in admission laboratory indices or
hospital outcomes between patients who had recently started
CART and those who had not. Laboratory data were
characterised by a marked abnormality in gas exchange, with
a median A–a O2 gradient of 47 mm Hg (IQR 33–61 mm Hg).

Hospital course and outcomes
In-hospital mortality was 10.3%. The median length of stay was
8 days (range 2–80 days). The diagnosis of PCP was made by
sputum induction in 67% of cases and by BAL in the remaining
33%. The sensitivity of sputum induction for diagnosis of PCP
was 73%. Trimethoprim–sulfamethoxazole was the initial
antimicrobial therapy for 82% of episodes (402 of 493), and
79% of the patients received adjunctive corticosteroids (390 of
493). A minority of patients were initiated on CART in the
hospital (38 of 440; 9%). Only 33 patients developed a
pneumothorax, but in-hospital mortality in these patients was
high (73%). Overall, 16% of patients required ICU care and 13%
required mechanical ventilation. The mortality in these patients
was 54% and 65%, respectively.

Predictors of mortality
There were 16 variables at presentation that were significantly
associated with mortality in bivariate analysis: age, recent
injection drug use during the 6 months before admission,
temperature, systolic blood pressure, room air O2 saturation,
CD4 cell count, total lymphocyte count, sodium, BUN, total
bilirubin, serum albumin, A–a O2 gradient, serum LDH, medical
co-morbidity, hepatic insufficiency and pneumothorax at
admission (table 2). Among events occurring during hospitalisa-
tion, requiring intensive care (p,0.001) and mechanical
ventilation (p,0.001) were associated with increased mortality,
as was development of a pneumothorax (p,0.001). Factors that
were not associated with mortality included gender, race,
tobacco use, haematocrit, new diagnosis of HIV, first versus
repeat episode of PCP, and use of PCP prophylaxis or CART
before admission.

In multivariate analysis using stepwise regression, the best
fitting model retained six predictors that were associated with
mortality (table 3). Significant predictors included two socio-
demographic variables and three laboratory variables: age
(adjusted odds ratio (AOR) per 10-year increase, 1.69; 95% CI
1.08 to 2.65; p = 0.02); recent injection drug use (AOR 2.86; 95%
CI 1.28 to 6.42; p = 0.01); total bilirubin .0.6 mg/dl (AOR 2.59;
95% CI 1.19 to 5.62; p = 0.02); serum albumin ,3 g/dl (AOR
3.63; 95% CI 1.72 to 7.66; p = 0.001); and A–a O2 gradient
>50 mm Hg (AOR 3.02; 95% CI 1.41 to 6.47; p = 0.004). CD4
count ,50 cells/ml was retained in the best-fitting model but
was not a significant predictor of mortality (AOR 2.34; 95% CI
0.95 to 5.80; p = 0.07).

A prediction rule for PCP mortality
Based on the multivariate analysis results, we stratified patients
by increasing risk for mortality using two prediction rules, both
of which assigned one point for each predictor present. In the
first rule, all five independent predictors from multivariate
analysis were used to stratify patients by increasing mortality,
resulting in a 6-point score (range 0–5). Mortality ranged from
4% (score 0 or 1) to 48% (score 4 or 5, fig 1). A simpler model

based on three variables—age, A–a O2 gradient and serum
albumin, resulted in a 4-point score (range 0–3) and stratified
patients into groups with 0% mortality (score 0) to 41% (score
3, fig 2). The sensitivities, specificities, and positive and negative
predictive values are given in table 4 and fig 3. While the 4-point
score is simpler to use and requires less clinical information,
model testing by the quasi-log-likelihood information criterion
(QIC) indicated that the 6-point score was a better fit (6-point
and 4-point QIC scores 232.3 and 241.9, respectively). The 4-
point score also classified fewer patients than the full 6-point
score into combined high and low mortality groups (109 vs 167
patients, 28% vs 46% of total patients, respectively).

DISCUSSION
In this single-centre study of 524 HIV-infected patients with
laboratory-diagnosed PCP during the CART era, we found an
overall mortality of 10.3% and identified five independent and
objective predictors of mortality that are readily available at
illness presentation. Using these predictors, we then developed
two prediction rules that stratify patients by mortality risk
upon presentation to medical care.

The overall mortality of 10.3% in our study cohort is within
the range of mortality rates, 7–13%, reported in large cohorts (.
500 subjects) of HIV-infected patients with PCP from the pre-
CART and early CART eras,9 11 20 25 suggesting that mortality
from PCP has not changed in the current era. Other studies,
however, have documented a trend toward decreased PCP
mortality in the CART era even in patients who were not
receiving CART,18 a finding that has been attributed to
improvements in ICU care.26–28 While the number of PCP cases
per year has declined at our institution, those persons still
presenting with PCP are rarely receiving antiretroviral therapy
or PCP prophylaxis and still have an appreciable, and possibly
unchanged, mortality.

We identified five significant and objective predictors of
mortality that are readily available at illness presentation.
Except for the A–a O2 gradient, none of the significant
predictors of mortality identified in multivariate analysis was
strictly associated with the severity of underlying HIV disease
or respiratory compromise from PCP. Instead, our results
suggest that non-HIV-associated factors that reflect the
presence of underlying medical co-morbidities and general
severity of illness, namely age, injection drug use, serum total
bilirubin and serum albumin, may be more accurate predictors
of mortality from PCP than HIV-associated factors, such as
CD4 cell count or history of opportunistic infection. Age is a
predictor that is widely used in risk stratification rules for
community-acquired pneumonia, and correlates with the
number of medical co-morbidities in HIV-infected patients.29 30

In addition, many studies have reported age and serum albumin
as predictors of mortality not only for patients with PCP but
also for HIV-infected patients requiring intensive care.12 18–20 31

To our knowledge, the associations between recent injection
drug use and serum total bilirubin with increased PCP mortality
have not been reported. Recent injection drug use increases the
presence of concurrent medical co-morbidities and reflects the
absence of appropriate, preventive medical care. Previous studies
have either had a low prevalence of injection drug users or
evaluated the association between any history of injection drug
use and PCP mortality, which would include persons who had quit
years previously.18 20 The serum bilirubin has been used in validated
scoring systems (eg, Simplified Acute Physiology Score II,
Pneumonia Severity Index) to assess severity of illness and predict
mortality in patients with critical illness and pneumonia.30 32 As a
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Table 2 Characteristics associated with mortality in bivariate analysis in 524 HIV-infected patients with PCP

Died*
(n = 54)

Survived
(n = 470)

Bivariate, unadjusted
RR (95% CI) p Value

Sociodemographic

Mean age, per 10-year increase 43.6 (8.4) 40.3 (7.9) 1.64 (1.15 to 2.36) 0.01

Gender

Male 44 (10) 412 (90) 0.60 (0.27 to 1.30) 0.19

Female 10 (15) 58 (85)

Race

Black 10 (7) 143 (93) 0.52 (0.25 to 1.07) 0.08

Non-black 44 (12) 327 (88)

Tobacco use

Yes 41 (12) 306 (88) 1.61 (0.82 to 3.17) 0.17

No 12 (8) 145 (92)

Recent injection drug use{
Yes 17 (18) 78 (82) 2.21 (1.19 to 4.10) 0.01

No 37 (9) 374 (91)

Homeless

Yes 4 (6) 68 (94) 0.46 (0.16 to 1.30) 0.14

No 50 (11) 386 (89)

Medical history

New diagnosis of HIV

Yes 9 (7) 112 (93) 0.63 (0.30 to 1.33) 0.23

No 45 (11) 356 (89)

Medical co-morbidity{
Yes 37 (13) 256 (87) 1.84 (1.01 to 3.33) 0.04

No 17 (7) 214 (93)

History of PCP

Yes 14 (10) 124 (90) 1.00 (0.53 to 1.87) 0.99

No 40 (10) 346 (90)

History of KS

Yes 5 (16) 26 (84) 1.74 (0.65 to 4.66) 0.27

No 49 (10) 444 (90)

Pulmonary KS at admission

Yes 2 (20) 8 (80) 1.88 (0.37 to 9.41) 0.44

No 19 (12) 143 (88)

Renal failure

Yes 6 (12) 46 (88) 1.13 (0.47 to 2.75) 0.78

No 48 (10) 419 (90)

Hepatic insufficiency

Yes 27 (23) 91 (77) 2.27 (1.17 to 4.38) 0.02

No 17 (11) 133 (89)

CART prior to admission

Yes 6 (10) 52 (90) 0.99 (0.41 to 2.40) 0.98

No 48 (10) 410 (90)

PCP prophylaxis

Yes 11 (15) 64 (85) 1.60 (0.78 to 3.24) 0.20

No 43 (10) 397 (90)

Vital signs

Mean temperature, per 0.5uC increase 38.1 (1) 38.6 (1) 0.79 (0.68 to 0.92) 0.002

Mean pulse, per 10 beats/min increase 111 (18) 107 (18) 1.13 (0.97 to 1.30) 0.12

Mean systolic blood pressure, per 10 mm Hg increase 103 (15) 108 (15) 0.78 (0.63 to 0.96) 0.02

Respiratory rate

.22 breaths/min 30 (13) 208 (87) 1.38 (0.79 to 2.43) 0.26

(22 breaths/min 24 (9) 230 (91)

Room air O2 saturation

,90% 33 (19) 145 (81) 3.29 (1.82 to 5.94) ,0.001

>90% 19 (6) 278 (94)

Laboratory values

CD4 cell count

,50 cells/ml 42 (12) 304 (88) 2.23 (1.09 to 4.56) 0.03

>50 cells/ml 10 (6) 159 (94)

HIV viral load

.12 log copies/ml 27 (10) 233 (90) 1.06 (0.59 to 1.91) 0.85

(12 log copies/ml 23 (10) 209 (90)

Continued
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reflection of end-organ dysfunction, bilirubin may also be a
marker of sepsis or septic shock, and has recently been reported
to predict development of acute respiratory distress syndrome
and mortality in patients with sepsis.33

Both mortality prediction rules we present have distinct
advantages. The three-predictor rule is easier to use and requires
fewer clinical data, but classified fewer patients into groups with
extremely high or low mortality compared with the five-predictor

Table 2 Continued

Died*
(n = 54)

Survived
(n = 470)

Bivariate, unadjusted
RR (95% CI) p Value

Total lymphocyte count

.0.76109/l 20 (8) 246 (92) 0.51 (0.28 to 0.91) 0.02

(0.76109/l 32 (13) 206 (87)

Mean haematocrit, per 1% increase 33.8 (6.2) 34.9 (5.4) 0.96 (0.91 to 1.02) 0.19

Normal sodium value1

Yes 21 (7) 272 (93) 0.45 (0.25 to 0.80) 0.01

No 33 (15) 193 (85)

BUN

.13 mg/dl 38 (16) 194 (84) 3.21 (1.74 to 5.94) ,0.001

(13 mg/dl 16 (6) 264 (94)

Total bilirubin

.0.6 mg/dl 33 (18) 152 (82) 2.86 (1.59 to 5.14) ,0.001

(0.6 mg/dl 20 (7) 265 (93)

Albumin

,3 g/dl 32 (17) 151 (83) 3.28 (1.77 to 6.10) ,0.001

>3 g/dl 17 (6) 264 (94)

A–a O2 gradient

>50 mm Hg 36 (19) 153 (81) 4.14 (2.13 to 8.05) ,0.001

,50 mm Hg 13 (5) 229 (95)

LDH

.360 U/l 31 (13) 203 (87) 1.92 (1.04 to 3.56) 0.04

(360 U/l 18 (7) 225 (93)

Complication

Pneumothorax at admission

Yes 2 (67) 1 (33) 17.4 (1.61 to 186.9) 0.02

No 52 (10) 446 (90)

*Values are shown as number (%) unless otherwise stated; means are presented with the SD.
{Recent injection drug use is defined as drug use during the 6 months before admission.
{Medical co-morbidity is defined as having a history of opportunistic infection, renal failure (creatinine .1.2 mg/dl) or hepatic
insufficiency (INR>1.2).
1Normal sodium is defined as a value between 136 and 144 mmol/l.
A–a O2 gradient, alveolar–arterial oxygen gradient; BUN, blood urea nitrogen; CART, combination antiretroviral therapy; INR,
international normalised ratio; KS, Kaposi sarcoma; LDH, lactate dehydrogenase; PCP, Pneumocystis pneumonia.

Table 3 Characteristics associated with mortality in multivariate analysis in 524 HIV-infected patients with
PCP

Died*
(n = 54)

Survived
(n = 470)

Bivariate, unadjusted
RR (95% CI), p value

Multivariate, adjusted
OR (95% CI), p value{

Mean age, per 10-year increase 43.6 (8.4) 40.3 (7.9) 1.64 (1.15 to 2.36), 0.01 1.69 (1.08 to 2.65), 0.02

Recent injection drug use{
Yes 17 (18) 78 (82) 2.21 (1.19 to 4.10), 0.01 2.86 (1.28 to 6.42), 0.01

No 37 (9) 374 (91)

CD4 cell count

,50 cells/ml 42 (12) 304 (88) 2.23 (1.09 to 4.56), 0.03 2.34 (0.95 to 5.80), 0.07

>50 cells/ml 10 (6) 159 (94)

Total bilirubin

.0.6 mg/dl 33 (18) 152 (82) 2.86 (1.59 to 5.14), ,0.001 2.59 (1.19 to 5.62), 0.02

(0.6 mg/dl 20 (7) 265 (93)

Albumin

,3 g/dl 32 (17) 151 (83) 3.28 (1.77 to 6.10), ,0.001 3.63 (1.72 to 7.66), 0.001

>3 g/dl 17 (6) 264 (94)

A–a O2 gradient

>50 mm Hg 36 (19) 153 (81) 4.14 (2.13 to 8.05), ,0.001 3.02 (1.41 to 6.47), 0.004

,50 mm Hg 13 (5) 229 (95)

*Values are shown as number (%) unless otherwise stated; means are presented with the SD.
{Forty-three deaths in 358 observations retained in the multivariate model.
{Recent injection drug use is defined as drug use during the 6 months before admission.
PCP, Pneumocystis pneumonia; A–a O2 gradient, alveolar–arterial oxygen gradient.
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rule. Although the sensitivities and specificities of the two
prediction rules were comparable, model testing using QIC scores
showed that the five-predictor rule had a better fit. Two previous
studies from the pre-CART and early CART eras have described
strategies to predict mortality from PCP. One prediction model
incorporated the A–a O2 gradient, total lymphocyte count and
body mass index,9 while the other used HIV wasting, the A– a O2

gradient and serum albumin.20 However, both studies included
patients who had presumptive PCP without microbiological
confirmation. In addition, HIV wasting is subject to variability
in provider categorisation and varying clinical manifestations, as
noted by the study’s authors.20 34 In contrast, our mortality
prediction rules are based on objective clinical and laboratory
characteristics which are widely available and easily assessed in
most HIV-infected patients presenting with PCP in high-income
countries. Because our goal was to provide a simple, clinically
useful prediction rule to identify patients at presentation with the
highest and lowest risk for mortality, the algorithm has limited
ability to stratify further patients with an intermediate mortality
risk (Group 2, figs 1 and 2). At institutions where the risk of loss to
follow-up is low, it is possible that persons who are predicted to

have a low risk for mortality may not require admission for
diagnosis and treatment. Similarly, persons who are predicted to
have a high risk for mortality may warrant closer observation,
such as on a ‘‘step-down’’ unit or in the ICU. Further research is
needed to validate the predictive accuracy of our algorithm in
patient cohorts from other institutions.

In addition to the limitations discussed above, our study’s
main drawback is that it reflects the experience and patient
population at a single public hospital in the USA and may not
be more broadly applicable to all HIV-infected patients with
PCP. Earlier studies have documented variations in patient
demographics and processes of care among HIV-infected
patients with PCP based on hospital type (ie, Veterans Affairs,
public or private),35 and the high prevalence of injection drug use
and sensitivity of sputum induction for PCP diagnosis in our
study may make our findings less generalisable to other
institutions. Our centre’s reliance on sputum induction rather
than bronchoscopy for PCP diagnosis may explain why we did
not identify pulmonary KS as a predictor of mortality, in
contrast to findings reported by Walzer and colleagues at a
centre that predominantly performs bronchoscopy for PCP
diagnosis.18 We hope that our prediction rules will be validated
using large cohorts of HIV-infected patients with PCP at other
institutions, as has been recently described.17 18 Nevertheless, while
sociodemographic characteristics, severity of illness and clinical
practices may differ across patient cohorts and institutions, we

Figure 3 Receiver operating curves for the five-predictor and three-
predictor PCP mortality prediction rules.

Figure 1 Stratifying patients with HIV-associated Pneumocystis
pneumonia by mortality at illness presentation using all five predictors
identified in multivariate analysis.

Figure 2 Stratifying patients with HIV-associated Pneumocystis
pneumonia by mortality at illness presentation using three predictors—
age, serum albumin and alveolar–arterial oxygen gradient (A–a O2

gradient)—identified in multivariate analysis.

Table 4 Test characteristics of mortality prediction rules for HIV-
associated PCP

Rule

Number of
risk factors
(n = 363)

Sensitivity
(%)

Specificity
(%) PPV (%)

NPV
(%)

Five predictors* .0 100 0 12.1 NA

.1 100 12.5 13.6 100

.2 88.6 41.1 17.2 96.3

.3 63.6 75.2 26.2 93.8

.4 34.1 95.0 48.4 91.3

.5 11.4 100 100 89.1

Three predictors{ .0 100.0 0.0 12.1 NA

.1 100.0 19.7 14.7 100

.2 63.6 62.4 18.9 92.6

.3 40.9 93.4 46.2 92.0

*Predictors are age, alveolar–arterial oxygen gradient (A–a O2 gradient), albumin, total
bilirubin and recent injection drug use.
{Predictors are age, A–a O2 gradient and albumin.
NPV, negative predictive value; PCP, Pneumocystis pneumonia; PPV, positive
predictive value.
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believe that there is a biological basis and clinical rationale for the
variables we identified to stratify patients by mortality. These are
predictors which reflect presence of medical co-morbidity, severity
of pulmonary disease and overall health status, and should be
broadly applicable to most HIV-infected patients with PCP.

In conclusion, we found that mortality from HIV-associated
PCP in the CART era remains unchanged from studies
performed earlier in the HIV/AIDS epidemic. Using clinical
and laboratory data routinely obtained at the time of presenta-
tion, we developed two mortality prediction rules that stratify
patients by risk for in-hospital mortality. While our prediction
rules require further validation in cohorts from different
institutions, they are potentially a practical method of
identifying patients who are at high and low risk for death
early in the hospital course, and therefore may assist clinicians
in assessing severity of illness and more accurately deciding on
management strategies.
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