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Abstract

Background

Pneumocystis pneumonia (PCP) is well-described in younger and HIV-infected populations,
but limited data are available for older non-HIV-infected patients. The aim was to describe the
clinical characteristics, management and outcomes of PCP in older non-HIV-infected patients
and to identify factors associated with in-hospital mortality.

Methods

This multicentre, retrospective, cohort study included patients aged > 75 years, hospitalised
for non- HIV-related PCP in 12 French university hospitals between January, 2010 and
December, 2021. PCP diagnosis was confirmed by PCR or microscopy. Data on
demographics, comorbidities, clinical features, management and outcomes were collected.
Factors associated with in-hospital mortality were identified by univariate and multivariate
analysis.

Results

A total of 175 patients were screened and 162 were included (median age: 79 years, 57.4%
male). Most patients had haematological malignancies (35.8%) or solid tumours (34.5%) and
were treated with long-term corticosteroids (60%). Respiratory symptoms (87.6%) and
bilateral interstitial lung involvement were common. Diagnosis was based on PCR of
bronchoalveolar lavage (66.4%) or sputum samples (32.3%). In-hospital mortality was 27.8%.
CRP level > 110 mg/L (HR = 2.55 [95%CI: 1.35-4.83], p = 0.004) and initiation of
corticosteroids for PCP treatment (HR = 1.89 [95%CI: 1.03-3.44], p = 0.039) were associated
with mortality. Patients with higher oxygen saturation at admission (HR = 0.94 [95%CI:
0.91-0.97], p < 0.001) had a lower risk of death.

Conclusion

PCP in older non-HIV-infected patients has a high mortality rate, particularly in the presence
of elevated CRP, hypoxaemia or corticosteroid use. Future research should focus on
identifying subgroups potentially benefiting from corticosteroids and exploring safe
therapeutic options for this vulnerable population.



Introduction

Pneumocystis pneumonia (PCP) is an opportunistic fungal pulmonary infection that is a
significant cause of morbidity and mortality in immunocompromised patients. Initially
recognised in the context of HIVV/AIDS, PCP has become increasingly prevalent among non-
HIV populations. This includes patients with underlying conditions such as haematological
malignancies, solid organ transplants, autoimmune diseases and those receiving immu-
nosuppressive therapies, including corticosteroids [1].

As the population ages, a growing number of older patients are undergoing
immunosuppressive treatments for conditions like autoimmune diseases and cancer. This has
placed older individuals, especially those aged > 75 years, at increased risk of PCP due to the
combination of age-related immune dysfunction and frequent immunosuppressive conditions
[2]. However, data on the presentation, management and prognosis of PCP in this population
remain scarce, as much of the available evidence comes from younger non-HIV-infected
cohorts [3-5]. Moreover, the older population presents a unique diagnostic and therapeutic
challenge due to atypical clinical presentations [6], difficulty differentiating Pneumocystis
jirovecii colonisation from infection [7] and reduced tolerance to high dose cotrimoxazole or
corticosteroid therapy [8, 9].

The purpose of this multicentre study was to address these gaps by characterising the clinical,
therapeutic and prognostic features of older non-HIV-infected patients diagnosed with PCP.
Specifically, the aim was to identify factors associated with mortality, including biomarkers,
disease severity at admission and treatment approaches. Through a large multicentre cohort,
our aim was to generate insights that inform more tailored diagnostic and treatment strategies
for this vulnerable population.

Methods

Study design and settings

This multicentre, retrospective, cohort study was carried out in geriatric acute care units and
infectious diseases units, in 12 French university hospitals, between January 2010 to
December 2021.

Study population

At each site, investigators identified eligible patients by screening laboratory their databases
for positive P. jirovecii samples during the study period, followed by a review of hospital
discharge summaries.

All consecutive patients aged > 75 years, hospitalised between January 1, 2010, and
December 31, 2021, for non-HIV-related PCP, were included. The diagnosis of PCP was
assessed retrospectively by local investigators using the following criteria: a bronchoalveolar
lavage or sputum sample positive for P. jirovecii kyst on direct examination or by PCR with a



Ct threshold of < 35 [7] or >3160 copies/mL [10], in a patient was treated with cotrimoxazole
or atovaquone for PCP.

To ensure diagnostic accuracy, all cases were independently reviewed by the principal
investigators (AB and TF). In the event of a discrepancy, a discussion was carried out until a
consensus was reached. Patients with more likely alternative diagnoses were excluded, as well
as those who declined consent for participation.

Data collection

Data were collected retrospectively from electronic medical records by local investigators.
Demographic data, past medical history and comorbidities were recorded, using the updated
Charlson score. Immunosuppressive treatments were documented. A comprehensive geriatric
assessment was performed, including living environment (home or nursing facility),
nutritional status and activities of daily living (ADL) before hospital admission. Disease
severity at admission and within 24 h was assessed using SOFA score. Incident delirium
during hospitalisation was recorded [6]. Clinical, biological, therapeutic and imaging
characteristics were also documented. Antimicrobial treatments for PCP were recorded.

Outcomes

Hospital length of stay and outcomes were recorded, including intensive care unit (ICU)
admission and the primary reason for ICU admission, in-hospital all-cause mortality,
admission to post-acute care or rehabilitation units, return home after discharge, 3-month
post-discharge readmission rate and 3-month mortality.

Statistical analysis

Continuous variables are described as median and interquartile range (IQR), and categorical
variables as number and percentage. Cumulative proportions were calculated for variables
with more than two categories. Normality was assessed using the Shapiro-Wilk test.

The population was divided by vital status at discharge. Categorical variables were compared
2

using the Chi or Fisher’s exact test, and continuous variables with the Student’s t-test,
Wilcoxon rank-sum test, ANOVA or Kruskal-Wallis test, as appropriate.

Factors associated with in-hospital mortality were assessed using univariate and multivariable
Cox regression models. Results are reported as hazard ratios (HR) with 95% confidence
intervals [95%CI]. Given the number of events (N = 45), four variables were included in the
multivariate analysis [11], selected for clinical relevance and statistical significance in
univariate analysis (p < 0.2), excluding those with missing data. Conditional stepwise
regression identified the most informative variables.



Sensitivity, specificity and optimal cut-off values for mortality-associated factors were

assessed using the Youden index. Survival curves were generated with the Kaplan-Meier
method and compared using the log-rank test.

All tests were two-sided, with p < 0.05 considered statistically significant. Analyses were
performed with R software (V4.2, R Foundation for Statistical Computing) using the GMRC
Shiny Stat application (version 2017, Strasbourg University Hospital).

Ethics

The study protocol (No. 22.01.05) was approved on January 5, 2022, by the Institutional
Review Board of Nimes University Hospital, which waived the need for written informed

consent. The study adhered to the Declaration of Helsinki and complies with French legal and
ethical standards (MR004 methodology).
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Table 1 (continued)
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Results

Population characteristics

The characteristics of the study population are summarized in Table 1. Among 175 non-HIV-
infected patients aged > 75 years screened for suspected PCP, 14 were excluded: 13 due to
alternative diagnoses and one due to a lack of consent. A total of 162 patients were included
in the final analysis (Fig. 1). The median age was 79 years [IQR: 77-82]. Most patients were
male (57.4%), lived at home, walked without assistive devices and had a median ADL score
of 6/6 [IQR: 6-6]. Median Charlson score was 2 [IQR: 2—4]. The main immunosuppressive
conditions were haematological malignancies (35.8%, mainly non- Hodgkin lymphoma) and
solid tumours (34.5%), followed by systemic rheumatic diseases (26.8%). Solid organ
transplant patients accounted for 7.4% of the study population. Most patients (80%) were
treated long-term with immunosuppressive medications: corticosteroid therapy (60%),
methotrexate (16%), rituximab (12.3%) or alkylating agents (12.3%). However, 13 patients
(8%) presented without any clearly identified immunosuppression risk factors.
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Fig. 1 Flow chast of the study population

At admission, most patients had respiratory symptoms (87.6%), with frequent dyspnoea
(74%), median oxygen saturation of 94% [IQR: 90-96], and 85.5% required oxygen therapy.
Auscultation was abnormal in only half of cases. Extra-respiratory symptoms (87.6%), such
as fatigue, anorexia, falls, delirium and fever (62.9%), were also common. Thoracic imaging
mainly showed interstitial lung disease: bilateral interstitial syndrome on chest X-ray (44/84)
or ground-glass opacities on chest computed tomography scans (95/135).

Median C-reactive protein (CRP) level was 94.8 mg/L [IQR: 55.5-165.5] and median
lymphocyte count was 0.6 G/L [IQR: 0.36-1.2]. Plasma B-D-glucan was measured in 27
patients of the cohort (16.6%), and all results were positive with elevated levels (median 354
pg/mL [IQR: 153.2-478.4]). The microbiological diagnosis relied primarily on PCR detection
of P. jirovecii, which was performed in 133 patients (82%), using either bronchoalveolar
lavage in approximately two-thirds of cases or sputum samples in one-third (Table 1).
Standard staining or immunofluorescence identified the pathogen in only 56 cases (34.5%),
mainly from bronchoalveolar lavage specimens.

Cotrimoxazole was the first-line therapy for most patients (150/162; 92.6%) and 108 (66.6%)
also received corticosteroids. Among them, 60 (55.5%) started corticosteroids for PCP, while
48 (45.5%) continued pre-existing therapy.

Outcomes

The short- and long-term outcomes are presented in Table 2. Initial antimicrobial therapy with
cotrimoxazole was switched to atovaquone in 20.8% of patients, mainly due to acute renal
failure (38.7%) or cutaneous adverse events (19.4%).

One-third of patients required ICU admission, primarily for acute respiratory failure. In-
hospital mortality was 27.8%, with 45 deaths during hospitalisation. Notably, all patients
originating from nursing homes or nursing facilities died (n = 4).

Among the survivors, 70% were able to return home, while 29% were admitted to a post-
acute care or rehabilitation unit. Mortality increased to 35.1% within 3 months of discharge.



At the 3-month follow-up, 39.6% of survivors had returned to their pre-hospitalisation living
place, while 15% required hospital readmission.

Table 2 Short and long-term cutcomes
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Factors associated with in-hospital mortality

Univariate analysis showed a significant association between in-hospital death and living in a
nursing home (p = 0.005), lower Sa02 (p = 0.032), higher SOFA score (p = 0.002), ICU
transfer (p < 0.001), delirium (p = 0.038), higher leukocyte levels (p = 0.014), neutrophils (p
=0.002), CRP level (p < 0.001) and initiation of corticosteroid treatment (p < 0.01).

Table 3 Factors assocated with in-hospital mortality
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Multivariate analysis identified CRP > 110 mg/L (HR = 2.55 [95%CI: 1.35-4.83], p = 0.004)
and initiation of corticosteroid therapy (HR = 1.89 [95%CI: 1.03-3.44], p = 0.039) as
independent predictors of mortality. Conversely, higher SaO2 was associated with lower
mortality (HR = 0.94 [95%CI: 0.91-0.97], p < 0.001). The results of univariate and
multivariate analyses are summarised in Table 3; Fig. 2.

Hazard ralic p-valle
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Sex (Male) 1.7 | I
(N = 182 o33 | = | 000

Admission oxygen saturation (+1)
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0.94 H <0 GH
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B Evenis 45 Gobel p-vaiue (Log-Rank)
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Irdaw; 072
Fig. 2 Fovest Plot of the factons independently associated with in-haspital marality
Discussion

This report describes the results of a large cohort study involving 162 non-HIV-infected
patients aged > 75 years with PCP, most of whom had immunosuppressive conditions or were
receiving immunosuppressive medications. Patients commonly presented with dyspnoea,
elevated CRP levels and bilateral lung involvement. PCP was primarily diagnosed by PCR
testing of bronchoalveolar lavage or sputum samples, and most cases were treated with
cotrimoxazole, combined with corticosteroids in two-thirds of patients. Lower oxygen
saturation, CRP > 110 mg/L and corticosteroid initiation for PCP were independently linked
to higher mortality.



For more than two decades, the use of corticosteroids as adjunct therapy for the treatment of
PCP in non-HIV-infected populations has remained highly controversial [9, 12]. Some studies
[12, 13], have highlighted adverse effects associated with corticosteroid use in this population.
A retrospective cohort study [14] recently confirmed this finding, reporting increased
mortality in severe cases admitted to the ICU. Consistent with these findings, our results
indicate that corticosteroids may have a detrimental effect when used as adjunct therapy in
older non-HIV-infected patients with PCP, as previously reported in older COVID-19 patients
[15]. Older people and critically ill patients are known to be susceptible to infection [8] and
the observed increase in mortality might be attributable to superinfections [9]. However, this
remains unclear from the available data [9, 13] and decompensation of comorbidities induced
by corticosteroids could also contribute to the increased mortality [15]. In our work, although
overall mortality was higher in the corticosteroid group, the distribution of causes of death
was similar in both groups (~ 2/3 PCP, ~ 1/3 other), suggesting that corticosteroid therapy did
not reduce PCP-related mortality. Nevertheless, the association should be interpreted with
caution given the retrospective design and the possibility of residual confounding. Further
randomised controlled trials (RCTs) are needed to assess the potential benefits and risks of
corticosteroids in older non-HIV patients.

Our results suggest a role of CRP or hypoxaemia severity in discriminating patients at higher
risk of death. These markers [16, 17], along with others such as urea and albumin [18, 19],
have already been shown to be relevant in various infectious contexts and should also be
explored in PCP among older patients. Overall, the predictive factors we identified should be
regarded as markers of respiratory disease severity rather than PCP-specific prognostic
indicators. Nevertheless, the identification of patient subgroups likely to benefit from
corticosteroids according to CRP levels should be investigated in RCTs [9]. As demonstrated
in COVID-19 [20], CRP could potentially help to distinguish a highly inflammatory profile of
patients who may benefit from immunomodulatory treatment, from a profile of less
inflammatory patients in whom antimicrobial treatment alone should be prioritised.

Comorbid conditions, especially immunosuppression, are known to drive the prognosis of
PCP and may also influence the potential impact of corticosteroid therapy [9, 12, 13]. In our
cohort, comorbidities were similar to those described in younger non-HIV patients [3-5].
However, the proportion of patients with solid tumours was higher (34.5%) and the proportion
of transplant patients (7.4%) was lower, as described previously in older people [21, 22]. In
addition, more than a half of the patients in the current study were treated with corticosteroids
(59.8%), as reported in other cohorts [3-5]. Accordingly, and despite the higher median age
of our cohort, the in-hospital mortality rate was 27.8%, which is equivalent to or lower than
that reported in younger non-HIV-infected adults with PCP (ranging from 30 to 60%) [23].
This could be explained by the inclusion in our study of patients with similar disease severity
to those in cohorts of younger patients [3-5]. In addition, the patients included were not very
old and had low frailty levels, and clinical presentations, taking into account some geriatric-
specific features (delirium, falls, low fever), were similar to younger patients [3-5]. It is pos-
sible that patients with higher levels of frailty were not diagnosed and therefore not included
in our retrospective cohort, raising concerns about the generalisability of our results to the
whole geriatric population.



One striking finding was the greater reliance on PCR testing of sputum samples compared to
other cohorts [3— 5]. PCP was confirmed by PCR testing of BALF samples in just two-thirds
of cases, highlighting the limitations of invasive procedures in older patients. Frail
individuals, often with severe cognitive impairments, are less likely to undergo these tests,
possibly contributing to the underdiagnosis of PCP in this subgroup. Future studies on non-
invasive diagnostics, such as plasma beta-D-glucan measurement [24, 25], could better define
the incidence of the disease in older adults.

Cotrimoxazole is the cornerstone in the management of PCP in older patients as in young
adults [9, 26]. However, cotrimoxazole-related adverse events appeared to be more common
in the geriatric population [27]. In the current study, 20.8% of patients experienced adverse
events, including renal toxicity and/or severe cutaneous reactions, which necessitated
treatment withdrawal. This rate is three times higher than that observed in younger patients
[3]. Most of these patients were subsequently treated with atovaquone as a second-line option,
despite its reputation for being less effective [28]. In our cohort, none of the 12 patients
treated with atovaquone died; however, the small sample size does not allow for firm
conclusions (Table S1). Future research should focus on defining optimal treatment strategies
for older patients. Notably, emerging evidence indicates that lower doses of cotrimoxazole
may provide a safer and equally effective alternative [29, 30]. Although the effect of delayed
initiation of antimicrobial therapy was not documented in our cohort, this has been
demonstrated by others [14]. In the presence of severity criteria, rapid initiation of antimi-
crobial treatment remains a key element of management [14].

This study has several limitations, including its observational and retrospective design, which
may have introduced biases in data collection and interpretation. Additionally, the limited
inclusion of very frail patients or those over 85-years-old may affect the external validity of
our findings to this specific population. Some diagnoses lacked robust evidence and may have
been misclassified. In particular, the use of a high Ct / low copies/mL threshold to improve
sensitivity at the screening stage carried a risk of overdiagnosis, a limitation that was
mitigated by the adjudication process. Missing data prevented the analysis of certain frailty
and diagnostic markers, such as B-D-glucan, or precise causes of death unrelated to PCP.
Information on factors like cotrimoxazole prophylaxis in patients on long-term corticosteroids
was not collected and the study design did not allow the investigation of reduced doses of
cotrimoxazole. Finally, as in other studies [9, 12, 14, 26], the analysis of the impact of
corticosteroid therapy is prone to bias because many patients are already receiving
corticosteroids before developing PCP. To minimise this bias, we specifically focused on the
effect of initiating corticosteroid therapy at the time of PCP diagnosis. Moreover, in our
statistical analysis comparing outcomes of patients treated or not with corticosteroids, we
adjusted for baseline severity. We also performed additional checks to ensure that both groups
remained comparable in terms of severity (Table S2).

Despite these limitations, our work also has several strengths. To our knowledge, this is the
first large multicentre analysis of older, non-HIV-infected patients with PCP, addressing both



short- and long-term outcomes and highlighting unique characteristics and challenges in this
population. The study design allowed us to highlight the unique characteristics and challenges
of this population, which is underrepresented in the literature. The large sample size provided
sufficient statistical power for adjusted analyses, and we carefully accounted for baseline
severity when comparing groups. Together, these strengths reinforce the validity of our
findings and contribute new insights into the management of PCP in older adults. A rigorous
adjudication process ensured diagnostic accuracy and minimized the risk of misclassification.
The large sample size provided sufficient statistical power for adjusted analyses, and we
carefully accounted for baseline severity when comparing groups. Together, these strengths
reinforce the validity of our findings, which may help guide future approaches to the
management of PCP in older adults.

In conclusion, this multicentre, retrospective study highlighted the clinical, microbiological
and imaging characteristics of non-HIV-infected patients aged > 75 years with PCP. The
disease was prevalent among immunocompromised patients, particularly those with haema-
tological malignancies, solid tumours or corticosteroid treatment. CRP levels > 110 mg/L and
severity of hypoxaemia at admission were identified as independent factors associated with
increased mortality and the study suggested that the initiation of corticosteroid therapy may
increase mortality in this population. Cotrimoxazole was the cornerstone antimicrobial
therapy for PCP, but its management in older patients can be challenging.

These findings emphasise the need for individualised treatment strategies that consider
disease severity, comorbidities and potential risks associated with corticosteroid and
cotrimoxazole use, as well as the exploration of safer alternative therapies. Although PCP is
primarily diagnosed through PCR testing, the use of non-invasive diagnostic tools, such as -
D-glucan measurement, may improve early detection in this vulnerable population. Future
prospective studies are needed to refine therapeutic recommendations and enhance the
diagnostic accuracy of PCP in non-HIV-infected older patients.
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ADL Activities of Daily Living

BALF Bronchoalveolar Lavage Fluid
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HIV Human Immunodeficiency Virus
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PCR Polymerase Chain Reaction
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