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Summary

Background Pneumocystis pneumonia (PCP) is a life-threatening opportunistic infectious disease of immunocom-
promised patients. Its incidence has decreased worldwide in the past, but data concerning its recent epidemiology
are lacking.

. . . 2022
Methods We retrospectively analyzed all German inpatient cases from January 1, 2014 to December 31, 2019, to

describe the recent epidemiology, incidence, clinical course, mortality and underlying diseases of PCP. Simulta-
neously, we conducted a retrospective multi-center study at two German university hospitals, and analyzed PCP
cases treated there to gain deeper insights on the basis of primary patient data.

Findings The incidence of PCP significantly increased from 23 to 2-6 per 100,000 population from 2014 to 2019
(1857 to 2,172 cases, +17:0%, p < 0-0001I), as well as PCP-related deaths (516 to 615 cases, +19-2%, p = o-o11). The
spectrum of underlying diseases changed: Risk groups with established chemoprophylaxis for PCP based on interna-
tional guidelines (HIV, hematologic malignancies, and transplantation) showed a significant decrease in PCP cases
and deaths. Others, especially those with solid malignancies, and autoimmune and pulmonary diseases showed a
significant increase in case numbers and deaths. Data from the retrospective multi-center study added information
regarding prophylaxis and diagnostics of PCP.

Interpretation The incidence of PCP has reversed its trend, showing a significant increase in mortality on popula-
tion level. Patients who were not previously considered in prophylactic measures are increasingly affected by PCP.
This development deserves further investigation, and additional comprehensive guidelines for the use of chemopro-
phylaxis in new risk groups are needed.
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Introduction

Pneumocystis pneumonia (PCP) is an opportunistic
pulmonary infection caused by the fungus Pneumo-
cystis jirovecii. It has traditionally been considered
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cal office; HIV, human immunodeficiency virus; ICD, interna-
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an acquired immunodeficiency syndrome (AIDS)-
defining illness, although it also occurs in immuno-
suppressed patients without the human immunode-
ficiency virus (HIV), where it more often takes a
fatal course.'”* Despite the existence of effective
chemoprophylaxis, current global estimates are as
high as 500,000 annual cases, with a mortality of
10 to 30%.° To optimize current prevention strate-
gies, a precise knowledge of PCP’s epidemiology is
of central importance; however, studies providing
data on the epidemiology of PCP have been scarce
in recent years.
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Research in context

Evidence before this study

We searched PubMed for articles published between
January 1, 2000, and June 30, 2021, with no language
restrictions on the epidemiology of pneumocystis pneu-
monia (PCP) in patients with the human immunodefi-
ciency virus (HIV) and non-HIV patients, and
recommendations for prophylaxis. We used the follow-
ing search terms: “pneumocystis pneumonia” OR “pneu-
mocystosis” AND “epidemiology” OR “incidence” OR
“prophylaxis” AND “HIV" OR “non-HIV”. Since PCP is a
major acquired immunodeficiency syndrome (AIDS)-
defining disease, numerous reports have focused on
HIV patients, which have shown a decline in the inci-
dence of PCP worldwide, from the mid-1990s through
2010. In contrast, only three longitudinal studies on the
epidemiology of PCP in the general populations of
industrialized countries (USA, Spain and France) have
published data from 2000 through 2014. They reported
a further decrease in the incidence and deaths of over-
all- and HIV-specific PCP. Since no epidemiologic data
later than 2014 have been published, it is unclear how
the incidence, particularly that of non-HIV patients, has
evolved in recent years.

Added value of this study

Our study is the first to describe an increase in the inci-
dence of PCP in the general population since 2000. This
comeback of PCP is solely due to an increase in PCP
cases among non-HIV risk groups, while the number of
HIV-related PCP cases continues to decline slightly. We
report a substantial increase in PCP-related deaths at
the population level, which is a new and concerning
finding. Furthermore, we describe a remarkable trend:
Where chemoprophylaxis for PCP is established based
on international guidelines (namely, for HIV- and hema-
tologic patients and organ transplant recipients), case
numbers and mortality rates are decreasing. In contrast,
they are increasing significantly in other risk groups
(namely, patients with oncological, rheumatological
and pulmonological diseases). Finally, we demonstrate
that mortality of these patients is very high, but use of
PCP prophylaxis is inadequate, implying that better use
of PCP prophylaxis is of extraordinary importance in
these groups.

Implications of all the available evidence

The overall incidence and number of PCP-related
deaths have increased significantly in recent years,
mainly among oncological, rheumatological and pulmo-
nological patients. However, the opposite trend has
been observed in patient groups for which there
already are guideline recommendations for PCP prophy-
laxis. Further research and new guidelines for PCP pro-
phylaxis in previously neglected patient groups are
necessary.

Based on the international literature, the incidence of
PCP, especially in HIV patients, has declined since the
1990s. In addition to significant improvements in HIV
detection and the wide availability of antiretroviral therapy,
the establishment of prophylaxis for PCP as a standard
HIV therapy has played a decisive role."*°~® However, the
more recent epidemiology of PCP is difficult to assess. The
current incidence and/or number of PCP-related deaths in
the general population have been reported in only three
longitudinal studies from France, Spain and the US, and
their data extended at most to 2014. These studies showed
a further pronounced decline in PCP incidence and deaths,
which had stalled in recent years.” " This picture is chal-
lenged by some smaller studies that have shown an
increase in the incidence and mortality rates.”™"” In addi-
tion, there are a multitude of center-based studies focusing
on PCP in patients with very specific underlying diseases,
but these investigations cannot provide meaningful
insights into the epidemiology of PCP due to their small
cohorts and selection bias.

Taking into consideration the declining relevance of
HIV-related PCP and the worldwide rise in the number
of people with risk factors for non-HIV-related PCP —
such as old age, cancer, and immunosuppression — it
seems possible that the dynamics of PCP are changing
unobserved.'#" Therefore, current epidemiological data
are essential to identify patient populations in which
treatment could be improved through consistent pri-
mary prophylaxes or lower thresholds for diagnostics
and therapies. To address this problem, we combined
secondary data of all German inpatient cases with data
from a retrospective multi-center study conducted in
two German university hospitals to address the follow-
ing questions:

1. How frequent is PCP currently and is its incidence
increasing?

2. Which underlying diseases are responsible for the
development of PCP?

3. What are the course and outcomes of PCP?

Materials and methods

Data source and study design of the nationwide
analysis of PCP inpatient cases

The data source for this nationwide analysis was the Sta-
tistisches Bundesamt (which is the German Federal Sta-
tistical Office, GFSO). All hospitals in Germany are
required by law to report annual data on all inpatient
cases to the diagnosis related group (DRG) database of
the GFSO, the dataset therefore has full coverage of Ger-
man inpatient cases. The original purpose of collecting
these data is to determine hospital charges for subse-
quent years under the German DRG system. Our study
is therefore a secondary data analysis using data that

www.thelancet.com Vol 18 Month July, 2022



Articles

were not primarily collected for scientific purposes. The
reported data mandatorily include basic patient and hos-
pital characteristics and one main diagnosis. Further
included can be up to 89 subsidiary diagnoses accord-
ing to the International Classification of Diseases (ICD)
10" Revision, German Modification, as well as up to
100 German Operation and Procedure Classification
System key codes per individual case. Specific anony-
mized data can be requested for research purposes via
remote data processing; therefore, no ethics approval is
required.

The GFSO enabled us to analyze data for the years
2014 to 2019, which was the most current information
available at the time the research was conducted (Octo-
ber 2021). Among all the German inpatient cases dur-
ing this period, we identified those with the main or
one of the subsidiary diagnoses of an ICD-code for PCP
(B59 until 2018, changed to B48.5 in Germany in
2019). Additional detailed information was retrieved
from these cases: age, sex, reason for discharge, infor-
mation regarding clinical course, procedures performed
(Table S1), and the underlying disease leading to immu-
nosuppression. Patients treated at university hospitals
were identified by hospital institution codes.

To identify the causes of PCP, we formed the follow-
ing groups based on various ICD-codes (Table S2): (1)
HIV and AIDS, (2) solid malignancies, (3) hematologic
malignancies, (4) other hematologic diseases, (5) rheu-
matic/kidney diseases, (6) pulmonary diseases, (7) gas-
trointestinal diseases, and (8) solid organ transplant.
Patients with more than one possible risk factor for
developing PCP were classified in the group “more than
one underlying disease”, whereas patients without any
identifiable risk factors were assigned to the group “not
otherwise classified”. Based on this classification, every
patient was assigned to exactly one group and there
were no duplications of patients among different groups
(Figure S1). We used annual census data from the
GFSO to calculate the overall and sex-specific incidence
of PCP."*

Study design of the retrospective multi-center study
Simultaneously, we conducted a retrospective cohort
study of all PCP inpatient cases that had been treated
between 2014 and 2019 at the University Hospitals of
Kiel and Liibeck, two northern German tertiary care
centers. All inpatient cases in the internal databases
from 2014 to 2019 were screened for the presence of
PCP in their diagnoses at discharge. Among the cases
identified in this way, all other necessary information
was collected by chart review and anonymized for fur-
ther analyses. None of the patients had been hospital-
ized twice for PCP during the study period. This part of
the study was approved by the responsible ethics com-
mittee of the Christian-Albrechts-University of Kiel (file
number D600/20).
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Statistical methods

Quantitative results are reported as absolute and relative
frequencies or medians with interquartile ranges (IQR),
as appropriate. The chi-square test or Fisher's exact test
were used to compare dichotomous variables as well as
changes in the number of cases or deaths between the
first and the last year of the study, depending on the
sample size. Time to pathogen detection and time to
therapy between the different groups were not normally
distributed, therefore the non-parametric Mann-Whit-
ney U-test was applied for statistical testing. Results
were considered statistically significant with a p-value
<0-05. Syntax files were created in IBM SPSS Statistics
for Windows (version 22.0.0.2, IBM, 2013) to analyze
the data provided by the GFSO. In each of these syntax
files, the requested data set elements were checked for
completeness. When querying the relative proportion of
all PCP patients treated in university hospitals nation-
wide, 364 of the total 12,455 PCP cases could not be clas-
sified due to missing data; these cases had not been
taken into account when the proportion of PCP cases in
university hospitals nationwide was given. For all other
variables examined, the data set of the GFSO was com-
plete and all cases have been included in the analyses.

Role of the funding source

The funding source of this study had no influence on
the study’s design, data collection, analysis, interpreta-
tion, writing of the paper, or the decision to submit the
paper for publication.

Results

PCP incidence is increasing

A total of 112,640,154 inpatient cases were included in our
nationwide secondary data analysis, of which 12,455 were
identified as PCP cases (1I1-1 per 100,000 hospitalizations).
We observed a continuous, significant increase in the
annual number of PCP patients from 1857 in 2014 to 2172
in 2019 (+17-0%, p < 0-0001) (Table S3). The annual inci-
dence increased from 2-3 to 2-6 per 100,000 inhabitants
and approximately two-thirds (65-3%) of the patients were
male (Figure 1A/B). Nearly half of PCP patients (48-8%)
were between 50 and 75 years of age, with an increase in
the median patient age from 62 (IQR 49—72) to 64 (IQR
52—74) years between 2014 and 2019 (Figure 1C). A total
of 3655 (30-2%) PCP patients were treated in university
hospitals nationwide.

Underlying diseases are changing

Among all the PCP cases, 2124 (17-1%) occurred in HIV-
seropositive patients and 10,331 (82:9%) in non-HIV
patients. The number of annual HIV-related PCP cases
decreased significantly from 346 in 2014 to 331 in 2019
(-4:3%, p = 0-00406), while during the same period, the
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Figure 1. Epidemiological parameters of PCP in Germany 2014—2019.

(@) Absolute numbers of PCP cases treated yearly in German hospitals (2014—2019), all (gray), male (blue) and female (red)
patients; (b) Overall (gray) and sex-specific (red/blue) incidence of PCP in Germany (2014-2019); (c) Relative distribution of PCP

patients by age in Germany in 2014 (black) and 2019 (gray).
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number of non-HIV-related PCP cases increased from
1511 to 1,841 (+21-8%, p = 0-0046) (Figure 2A). Patients
with HIV were younger (in 2019 the median age was
46 [IQR 37—53] years) than non-HIV patients (in 2019
the median age was 67 [IQR 57—75] years) (Figure S2).
The distribution of underlying immunosuppressive dis-
eases among the non-HIV patients changed signifi-
cantly. There was a significant increase in the annual
number of cases among the “pulmonary diseases” (95
to 167; +75:8%, p = 0-0010), "solid malignancies" (203
to 316; +55-7%, p = 0-0007), and “not otherwise classi-
fied” (265 to 399; +50:6%, p = 0-0005) groups. The
groups with "more than one underlying disease" (337 to
373; +10-7%, p = 0-43) and "rheumatic/kidney diseases"
(170 to 201; +18-2%, p = 0-96) showed positive, but not
significant trends. However, the annual number of
cases in the group with "hematologic malignancies"
decreased significantly (326 to 270; -17-2%,
p < o-o001), whereas the “transplantation” group also
showed a negative, but not significant trend (76 to 67;
-11-8%, p = 0-088) (Figure 2B, Table S4).

PCP-related deaths are increasing
A significant increase was found in PCP-related deaths
from 516 cases in 2014 to 615 cases in 2019 (+19-2%,
p = o-o11) (Figure 3A, Table S3). As PCP-related deaths
in HIV patients significantly decreased from 38 to 25
per year (-34:2%, p = o-o19), this development was
mainly due to an increase of deaths in non-HIV patients
from 478 to 590 per year (+23-4%, p = 0-019). Pro-
nounced changes were also observed in the number of
annual deaths among the subgroups of non-HIV cases.
We observed a significant increase in the annual num-
ber of deaths in the group "solid malignancies" (77 to
129; +67-5%, p = 0-0080). Positive trends were also
obvious in the following groups: “not otherwise classi-
fied” (93 to 136; +46-2%, p = o-11), "theumatic/kidney
diseases" (41 to 58; +41-5%, p = 0-40), “pulmonary dis-
eases” (26 to 36; +38-5%, p = 0-6010) and "more than
one underlying disease" (95 to 115; +21-1%, p = 0-94).
On the contrary, the number of deaths decreased signifi-
cantly in the "hematologic malignancies” (117 to 88;
-24-8%, p = 0-0003) and slightly in the “transplant” (18
to 17; -5-6%, p = 0-50) groups (Figure 3B, Table Ss).
Among all the underlying diseases, HIV had, by far,
the lowest in-hospital mortality, which decreased from
11-0% in 2014 to 7-6% in 2019. However, the mean in-
hospital mortality of non-HIV patients plateaued at
high levels (31:6% in 2014 vs. 32:0% in 2019)
(Figure 3C). Considering the in-hospital mortality of
each non-HIV group over the entire study period, the
group with “solid malignancies” had the highest
(40-4%) mortality rate, and the “transplant” group had
the lowest (18-8%) mortality rate (Figure 3D). It is note-
worthy, with regard to the treatment and course of PCP,
that cross-sectional imaging of the thorax and

www.thelancet.com Vol 18 Month July, 2022

bronchoscopies were performed significantly less fre-
quently for HIV patients than they were for non-HIV
patients (Tables 1 and S6/7). Furthermore, all the
parameters that were investigated indicated that a
severe course of disease (the need for ICU care,
mechanical ventilation, renal replacement therapy,
organ failure) occurred substantially more often among
non-HIV patients than it did among HIV patients
(Tables 2 and S8).

In-depth analysis of primary data in the retrospective
multi-center study

The retrospective multi-center study evaluated 627,970
inpatient cases from January 1, 2014 to December 31,
2019. A total of 68 PCP cases were identified, corre-
sponding to a rate of 10-5 per 100,000 hospitalizations
(Figure S3). Of these cases, patients had a median age
of 56 years (IQR 44—69) and 50 (73-5%) were male. We
identified 19 (27-9%) HIV patients and 49 (72:1%) non-
HIV patients. Eleven (16-2%) of the non-HIV patients
were in the “transplant” group, 9 (13-2%) in the group
with “hematologic malignancies”, 8 (11-8%) in the
group with “more than one underlying disease”, 7
(10-3%) in each of the “solid malignancies” and
“rheumatic/kidney diseases” groups, 3 (4:4%) in the
group “not otherwise classified”, 2 (2-9%) in the group
with “other hematologic diseases”, and 1 (1-5%) each of
the “pulmonary diseases” and “gastrointestinal dis-
eases” groups (Figure S4). Of the 68 cases, 15 (22-1%)
had a fatal outcome, with mortality being substantially
higher among non-HIV patients than it was among
HIV patients (28:6% vs. 5:3%) (Tables 3 and So).
Remarkably, pathogen detection was successful in a sig-
nificantly lower proportion of non-HIV patients than it
was in HIV patients (73:5% vs. 100%, p = o0-014). In
addition, therapy was started significantly later in the
non-HIV patients, although the median time to patho-
gen detection did not differ (Table 4). Furthermore,
although only 4 (8-2%) of the non-HIV patients did not
have an immunosuppressive condition in their medical
history, 45 (91-8%) were not on prescribed chemopro-
phylaxis at the time they developed PCP (Table s5).

Discussion

In the present study, we aimed to describe the current
epidemiology of PCP in Germany. Therefore, we com-
bined an analysis of secondary data on all inpatient hos-
pital cases with a retrospective multi-center study over a
concomitant period of five years. Our study produced
three major findings: (1) the incidence of PCP has
markedly increased in Germany between 2014 and
2019; (2) the spectrum of underlying immunosuppres-
sive diseases has changed; and (3) PCP-related deaths
are increasing significantly among non-HIV patients,
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who often do not receive chemoprophylaxis despite
known immunosuppression.

Contrary to the findings of the relevant studies in the
general population over the last 20 years, we found a
recent increase in PCP incidence, with a peak of 2-6 per
100,000 persons in 2019. Previous longitudinal studies

had observed a drastic decline in PCP worldwide,
mainly due to the decreasing rates in HIV patients
around the start of the new millennium.">°~® Subse-
quent epidemiologic investigations revealed a further
decrease in PCP, followed by a steady low incidence
rate: a decrease in the PCP incidence from 2-6 to 1-0
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Procedure All patients (n = 12,455) HIV (n = 2,124) Non-HIV (n =10,331) p-value HIV vs non-HIV
Thorax CT/MRI 8,932 (71-7%) 1,307 (61-5%) 7,625 (73-8%) <0-0001
Bronchoscopy 8,894 (71-4%) 1,440 (67-8%) 7,454 (72-2%) 0-0003'
Thorax CT/MRI and bronchoscopy 6,919 (55-6%) 1,013 (47-7%) 5,906 (57-2%) <0-0001

tChi-square test.

Table 1: Diagnostic procedures performed on PCP patients (nationwide).

PCP, pneumocystis pneumonia; CT, computed tomography; MRI, magnetic resonance imaging; HIV, human immunodeficiency virus.

Mechanical ventilation

)

)

5,142 (41-3%)

Renal replacement therapy )
)

(
(
(
1,663 (13-4%,
Multiple organ dysfunction 5,023 (40-3%,
392 (3-1%)
(

489 (3-9%)

Palliative care

Cardiac arrest/resuscitation

Event All cases (n = 12,455) HIV (n = 2,124) Non-HIV (n = 10,331)
Death 3,417 (27-4%; 180 (8-5%) 3,237 (31-3%,
ICU care 5,494 (44-1% 705 (33-2%) 4,789 (46-4%

574 (27-0%)
106 (5-0%)
422 (19-9%)
0 (0-0%)
37 (1:7%)

( )
( )
4,568 (44-2%)
1,557 (15-1%)
4,601 (44-5%)
392 (3-8%)
447 (4-3%)

Table 2: Course of PCP and its complications (nationwide).

PCP, pneumocystis pneumonia; HIV, human immunodeficiency virus; ICU, intensive care unit.

Event All cases (n = 68) HIV (n=19) Non-HIV (n = 49)
Death 15 (22:1%) 1(5:3%) 14 (28-6%)

ICU 25 (36-8%) 5(26-3%) 20 (40-8%)
Mechanical ventilation 41 (60-3%) 8(42-1%) 33 (67-3%)

Renal replacement therapy 17 (25-0%) 1(5-:3%) 16 (32:7%)
Multiple organ dysfunction 41 (60-3%) 10 (52-6%) 31 (63-3%)
Palliative care 7 (10-3%) 1(5:3%) 6 (12-:2%)
Cardiac arrest/resuscitation 0 (0-0%) 0(0-0%) 1 (2-0%)

Table 3: Course of PCP and its complications (multi-center study).

PCP, pneumocystis pneumonia; HIV, human immunodeficiency virus; ICU, intensive care unit.

Procedures All cases (n = 68) HIV (n=19) Non-HIV (n = 49) p-value HIV vs. non-HIV
Thorax CT/MRI 55 (80-9% 12 (63-2%) 43 (87-8%) 0-036'

Bronchoscopy 61 (89-7% 17 (89-5%) 44 (89-8%) 1

Thorax CT/MRI and bronchoscopy 51(75-0% 12 (63-2%) 39 (79-6%) 021

Pathogen detection successful* 55 (80-9% 19 (100-0%) 36 (73-5%) 0-014"

Time to pathogen detection [median number of days (IQR)]** 3(1;7) 3(0;7) 3(2:8) 0-38

Time to therapy [median number of days (IQR)] 3(0,7) 1(0;4) 3(1;,9) 0-019°

T Fisher’s exact test.
# Mann-Whitney U-test.

Table 4: Diagnostic procedures and time to therapy (multi-center study).

*Direct detection of Pneumocystis jirovecii via PCR, microscopy or immunofluorescence.
**Only patients with successful pathogen detection were included in this analysis.
CT, computed tomography; MRI, magnetic resonance imaging; HIV, human immunodeficiency virus; IQR, interquartile range.

per 100,000 population was reported from 2001 to
2010 in a study based on the French national hospital
database, which includes almost all inpatient cases.”
Another study using nationwide hospital data from
Spain found that the PCP incidence was consistently

about 2-0 per 100,000 population from 2008 to 2012."
As for the incidence of PCP in other parts of the world,
apart from rough estimates, there are currently no valid
data at the population level.> However, the number of
people susceptible to developing PCP due to
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Circumstances regarding PCP prophylaxis HIV (n =19) Non-HIV (n = 49)
Immunocompromised status unknown to patient prior to the development of PCP 15 (78-9 %) 4(8-2%)

Taking immunosuppressive medication prior to the development of PCP 0 (0-0 %) 45 (91-8 %)

Ever on PCP prophylaxis prior to the development of PCP 0 (0-0 %) 21 (429 %)

Not on prescribed PCP prophylaxis at development of PCP 19 (100-0 %) 45 (91-8 %)

Table 5: Use of PCP prophylaxis (multi-center study).
PCP, pneumocystis pneumonia; HIV, human immunodeficiency virus.

immunosuppression, other than HIV, is increasing
worldwide: populations are aging; therefore, malignant
diseases are increasing, and there have been significant
advances in the treatment of autoimmune
disorders."*"'7 Based on these developments, we
assume that the trend we observed of an increasing inci-
dence of PCP in Germany is also applicable to other
countries.

As for our second main finding, we found a dis-
tinct change in the spectrum of underlying diseases.
The number of HIV patients with PCP continued to
decrease. This development was quite surprising,
because the prevalence of HIV had been increasing
in Germany, according to the Robert-Koch-Institute,
which is the leading federal research institution for
public health in Germany.'® Our findings are, there-
fore, an indicator of adequate medical care and the
consistent and successful use of PCP chemoprophy-
laxis for HIV patients. This assumption is supported
by the fact that the absolute number of HIV-related
deaths in Germany has declined yearly since 2014
(Figure Ss).

The increase in the incidence of PCP in the general
population that we observed is attributable entirely to
an increase in the incidence in the HIV-negative risk
groups. Additionally, the common course of illness
among non-HIV patients was more severe than it was
among HIV patients, in both our multi-center and
nationwide studies. These observations are consistent
with previous comparative center studies and a National
Inpatient Sample Database study from the USA.>#'9>°
Three subgroups of non-HIV patients were particularly
affected by an increasing PCP incidence. First, the pro-
portion of PCP patients with solid tumors has increased
from 10-9% in 2014 to 14-5% in 2019. This trend was
also evident in studies from Spain and the USA, but
was masked in the overall analyses by the sharp declines
in their HIV-related PCP cases.'"" Second, the propor-
tion of PCP patients with an isolated pulmonary disease
as only risk factor significantly increased from 5-1 to
7-7%. Although frequent colonization of these patients
by Pneumocystis jirovecii in the last century had been
documented, these patients have only recently been
identified as a group at considerable risk for PCP in epi-
demiological studies.””"**" We cannot specify the
causes of this development, but our findings should
encourage investigations that are more detailed. Third,
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the last of the three subgroups with a significant
increase in PCP incidence consisted of patients to
whom we could not assign an underlying immunosup-
pressive disease (16-8% of all identified PCP cases). A
similar proportion was reported in the study conducted
in Spain, which also investigated PCP cases using DRG
data.” Since PCP is an opportunistic illness that typi-
cally manifests only in immunocompromised individu-
als, these numbers seem surprising. In addition, only
2:9% of the PCP cases in our multi-center analysis did
not have an underlying immunosuppressive disease.
Therefore, the large proportion of PCP patients without
apparent underlying diseases in our nationwide analysis
may be due to the inability to detect diseases leading to
immunosuppression among the DRG data in some
cases. Due to the severe course of PCP in these patients
and the fact that HIV infection is usually a prominent
diagnosis, we conclude that these cases were correctly
classified as non-HIV patients.

A general problem in researching PCP, which also
affects our present study, is the uncertainty about how
to confirm the diagnosis of PCP, as there is no uni-
formly accepted approach for this. Commonly, detection
of P. jirovecii is considered easier in HIV patients, where
in many cases induced sputum may be sufficient to
detect the pathogen. In HIV-negative patients, on the
other hand, invasive diagnostics for pathogen detection
are supposed to be necessary more frequently. The
introduction of the polymerase chain reaction for the
detection of P.jirovecii in the 2000s has improved sensi-
tivity, but it exacerbated another problem. Since the
pathogen can colonize humans without causing disease,
physicians are now confronted with the question as to
the clinical significance of the pathogen detection and
whether therapy should be initiated or not.** The diag-
nostic uncertainty is underscored by the fact, that physi-
cians have diagnosed PCP in some non-HIV patients
included in our study even without definitive evidence
of the pathogen. Consistent with the previous assump-
tions about the diagnostics of PCP, our data show that
confirmation of a PCP diagnosis in non-HIV patients
required more invasive diagnostics, pathogen detection
was less successful, and therapy for these patients was
started significantly later than in HIV patients. This
delay could have posed a major problem for the affected
individuals, since a delayed start of therapy implies a
considerably worse prognosis.**?
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The most alarming major finding of our study was
the significant increase in PCP-related deaths by 19-2%
from 2014 to 2019. Taking into account a general
increase in the annual deaths in Germany during the
same time, a clear disproportionate increase in PCP
fatalities of 10-2% could still be seen (Figure SG6). Either
way, our work is the first to show that an increase in
PCP-related deaths in an industrialized country was
entirely due to non-HIV causes. The increase was most
striking in the group of patients with solid malignancies
(+67-5%). We can rule out that this increase was part of
a general increase in cancer-related deaths. Au contra-
ire, the proportion of cancer-related deaths among all
deaths in Germany actually decreased during the period
under review (Figure S7).

We were not able to determine with certainty the rea-
sons for the sharp increase in the PCP incidence and
deaths among certain patients, as the methodology of our
nationwide secondary data analysis did not allow us to
examine individual cases, and the cohort of solid malig-
nancy-related PCP cases in our multi-center study was too
small to draw meaningful conclusions. What we do know
for sure, however, is that the proper use of PCP prophylaxis
could most likely prevent the vast majority of PCP cases
and subsequent deaths.** Unfortunately, we often fail in
the adequate use of prophylaxis, which had already been
observed in the past and was also evident from our own
primary data.> A major problem is the question of who
needs prophylaxis, which must be clarified. Regarding this
question, the implementation of PCP prophylaxis for non-
HIV patients has been recommended in international
guidelines and established in clinical practice for those
with hematologic malignancies and those with organ trans-
plantations.*® >® In contrast to all the other underlying dis-
eases and conditions, these two groups of patients showed
declines in the incidence of PCP and its related deaths.
Therefore, in this study, we have provided evidence at the
population level that PCP prophylaxis is effective in these
patients. At the same time, our results provide an urgent
reason to consider coordinated measures to establish PCP
prophylaxis for other groups at risk, particularly high-risk
patients with solid malignancies and multimorbid individ-
uals.

Of course, it would be unrealistic to prescribe PCP
prophylaxis to all patients in the identified risk groups.
Further research is needed: the next reasonable step
would be to evaluate the databases of large health insur-
ers. In Germany, these companies have in-depth infor-
mation on therapies and temporal relationships prior to
the development of PCP, based on thousands of PCP
cases. This information could be used to identify clus-
ters of individuals with a particularly high risk of devel-
oping PCP. Ideally, randomized controlled trials on the
efficacy of PCP prophylaxis, in particular for high-risk
patient populations identified in this way would then be
conducted, as has been done in the past for patients
with hematological cancers and HIV, and kidney

transplant recipients.>#*93° Until then, it is incumbent
upon treating physicians to be vigilant in managing
each individual case and in prescribing PCP chemopro-
phylaxis outside of existing guidelines for potential
high-risk patients.

Conclusion

Since PCP is re-emerging, particularly in older patients
with solid malignancies, morbidity rates and overall
mortality will be higher than past rates. Physicians
must be aware of this changing patient population and
the urgent need for comprehensive guidelines for PCP
prophylaxis for patients with solid malignancies and
pulmonary and autoimmune disorders, as well as multi-
morbid patients. The reasons for the marked increase in
PCP cases and deaths in patients with solid malignan-
cies need further investigation.

Limitations

The data of the German DRG statistics are the basis for the
billing of hospital treatments in Germany, and are there-
fore audited by hospitals and health insurers. Nevertheless,
the major limitation of using these data is that their accu-
racy cannot be verified on individual-case level. Their great-
est advantage, however, is the enormous sample size that
could never have been achieved in a single- or multi-center
trial. On the other hand, the major limitation of the multi-
center data is the small sample size and the resulting lack
of representativeness for the nationwide situation. By com-
paring the primary patient data collected in our multi-cen-
ter study with the nationwide secondary data analysis, we
sought to provide more in-depth insight and uncover
potential pitfalls in the secondary data. Apart from the over-
estimation of PCP patients without underlying diseases,
the findings appear to be valid, and, to the best of our
knowledge, we are not aware of any secondary data analysis
of this size ever being directly paired with and supported by
concomitant primary patient data. Finally, it should be
noted that our data are most likely only representative of
industrialized countries with similar demographics to
those of Germany.
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