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Dear editor,
Pneumocystis jirovecii pneumonia (PJP) is a severe fun-
gal opportunistic infection occurring in immunocom-
promised patients, commonly associated with Human 
Immunodeficiency Virus (HIV) in the past and nowa-
days increasingly diagnosed in non-HIV patients with 
immune suppression. Severe PJP requiring admission 
to the intensive care unit is associated with mortal-
ity rates > 50%, and several factors have been associated 
with reduced survival including age, a non-HIV status, 
invasive mechanical ventilation and the admission SOFA 
score [1, 2]. Whether additional prognostic factors might 
help identify high-risk patients at an early stage of ICU 
stay remains undefined. To address this issue, we ret-
rospectively analyzed (study protocol approved by our 
ethical committee, CER-VD Nr 2020-00201) the clinical 
and early (admission—day 0- and day 1) arterial blood 
gas (ABG) variables, including values of methemoglobin 
(MetHb) and carboxyhemoglobin (HbCO), in a cohort 
of PJP patients admitted to our multidisciplinary ICU 
between 2006 and 2019. The primary outcome was mor-
tality at day 60. Data were compared between survivors 
and non survivors using the Wilcoxon’s rank sum test 

and the Pearson’s chi-squared test, and univariate logis-
tic regression analyses were done to evaluate associations 
between variables and 60-day mortality. We also per-
formed a multivariable analysis incorporating invasive 
mechanical ventilation at day 1 as a possible confounder, 
with blood gas data at day 1  (PaCO2, HbCO and MetHb) 
as explanatory co-variables. The impact of blood gas 
variables on 60-day survival was further assessed using 
Kaplan–Meier plots and log-rank test analysis.

A total of 37 patients with confirmed Pneumocys-
tis jirovecii infection (except in one patient in whom 
no sample could be obtained, but with typical clinical/
radiological presentation and a positive beta-glucan test) 
were included. Underlying diagnoses were malignancy 
(n = 21), chronic immune-mediated inflammatory dis-
ease (n = 8), HIV (n = 5), solid organ (n = 4) or bone mar-
row transplantation (n = 5), with more than 1 condition 
present in 6 patients. Most patients had been treated 
prior to admission with one or more immune suppressive 
therapies. The 60-day mortality was 51% (19/37 patients). 
Non-survivors were significantly older but did not dif-
fer from survivors with respect to gender and underly-
ing diagnoses. All patients received non-invasive and/or 
invasive respiratory support, and non-survivors required 
significantly more often invasive mechanical ventilation 
(79 vs. 39%, p < 0.05). ABG analyses showed that non-sur-
vivors had higher  PaCO2 (day 1), lower pHa and higher 
MetHb as well as a trend for higher HbCO (day 0 and 
day 1). In contrast, P/F  O2 was comparable in survivors 
and non-survivors at the two time-points. In univariate 
analyses, day 0 HbCO and MetHb, and day 1  PaCO2, pHa 
and MetHb were significantly associated with 60-day 
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Fig. 1 Arterial blood gas data at day 0 and day 1. A P/FO2,  PaCO2, pHa, HbCO and MetHb at day 0 and day 1 in survivors and non-survivors (median, 
interquartile rage) and their univariate association with 60-day mortality. B Multivariable analysis of factors associated with 60-day mortality. C 
Kaplan–Meier plots illustrating the proportion of survivors in the 60-day observation period, as a function of  PaCO2, (in mmHg), pHa, MetHb 
and HbCO at day 1, dichotomized according to their median values in the whole cohort. For continuous variables, odds ratios (OR) and 95% 
confidence intervals (CI) were calculated per unit change (P/FO2: 10 mm Hg;  PaCO2: 1 mm Hg; pHa: 0.01 pH unit; HbCO: 0.1%; MetHb: 0.1%). 
Note: At day 0, P/FO2 missing in 1 patient (survivor), HbCO and MetHB not measured in 3 patients (2 survivors, 1 non survivors). At day 1: ABG 
not obtained in 3 patients (1 non-survivor, 2 survivors), in whom HbCO and MetHb were obtained from central venous blood gas analysis. IMV 
invasive mechanical ventilation
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mortality (Fig.  1A). In multivariable analysis,  PaCO2 
and MetHb at day 1 remained significantly associated 
with 60-day mortality (Fig.  1B). Kaplan–Meier analyses 
showed that patients with higher MetHb and lower pHa 
at day 0 (not shown), as well as higher HbCO,  PaCO2 and 
MetHb, as well as lower pHa at day 1 (Fig. 1C) had sig-
nificantly shorter survival.

Our study found that several ABG variables obtained 
during the first 24  h of ICU admission may provide 
important early prognostic information in patients with 
PJP. The higher  PaCO2 and lower pHa in non-survi-
vors could either reflect the development of respiratory 
fatigue or increased dead space ventilation, which would 
be consistent with the negative impact of higher dead 
space fraction in other forms of acute respiratory failure 
[3]. Non-survivors also displayed higher levels of MetHb, 
whose values at day 0 and day 1 were significantly asso-
ciated with 60-day mortality. MetHb formed from Hb 
autooxidation is normally maintained at very low lev-
els due to the activity of MetHb reductase, but may 
increase in critically ill patients with sepsis, or treated 
with inhaled NO or prooxidant drugs such as dapsone 
[4]. Since none of our patients received these therapies 
at the time of MetHb measurements, we propose that 
MetHb formation could reflect more severe lung inflam-
mation, favoring a greater pro-oxidant environment fos-
tering hemoglobin oxidation. We also noted, to a lesser 
extent, that HbCO was higher in non-survivors and that 
its value at admission was associated with 60-day mortal-
ity. Endogenous CO formation results from the activity of 
heme oxygenase (HO), and pulmonary HO induction has 
been reported in a variety of lung inflammatory diseases 
[5]. Therefore, we speculate that the early increase of 
HbCO in PJP non-survivors could reflect such an induc-
tion of HO due to more severe lung inflammation. In 
summary, we found that, in patients admitted to the ICU 
for acute respiratory failure due to Pneumocystis jirovecii 
pneumonia, several early (first 24  h) changes in arterial 
blood gases present a significant association with 60-day 
mortality. These include a higher  PaCO2, a lower arte-
rial pH, higher values of methemoglobin and (to a lesser 
extent) carboxyhemoglobin. Whether the recognition of 
these early prognostic variables could alter patient man-
agement and result in a better outcome should require 
further studies.
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