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L. CEE) Wi B iidrfe 2 L. (k)
THRREIEZ L. PARAERR 2 L.

(AT i (X H 7 H)]

WBC 7200/uL. (Meta 1%, Band 30%, Seg 64%,
Lymph 1%, Mono 2%, Baso 1%, Eos 1%), RBC
3.39x10°/uL, Hb 9.9g/dL, Hct 29.9%, MCV 88.2fL,

Plt 194 x10°/uL, Alb 1.6g/dL, BUN 27.0mg/dL,
Cr 08lmg/dL, T.Bil 0.5mg/dL, LDH 401IU/L,
AST 641U/L, ALT 46IU/L, CRP 30.14mg/dL, Glu

99mg/dL, Na 141mEq/L, K 47mEq/L, Cl 106mEq/
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L, BNP 456pg/mL (i [E#4s (1 4 HHi) : 386.0pg/
mL), B-D-Z VA~ 1636pg/mL (fiklid: (2 H
Hi) : 489pg/mL)

BRI 7 A (= A 7 W3 5L/43) * pH 7480,
PaCO. 380Torr, PaO, 834Torr, HCO; 27.7mEq/
L

Ul X fiets XA 7H)] X ASHEREKELT
ATHEORAKEREIZE2b 0L Bbh b 5
OFEFIEIRD LT 2A, EMBICL#R A Y FT
IR H B L Tw 5 (Fig 1).

W CT (X H 5 H)] ALl 12 /N3 B AL
DWRENE) AN H T ABEIRBOLN, AVHFT
ABEFENIHIMIRE A S D . BTl Ry
BOGANFRD BN D, AN A A3 B
% (Fig. 2).
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B L 0 BB 2R U7 5880 B & UMK R
MAE, JR#LZ IR O SRS & L CRITH M 25,
JEMNHPEM % (Herpes simplex virus (HSV) [
S %0ES HSV Flide, —a—FY AFAi%kR L),
ARG 2, BhZKHE, 5N A 7 — 7 B I i
JRGE 7 EOBEFR M EGGE 2 BET L. ZHED
WSS 2 2 v b, WP O, TUSEGER
Wi & O O HSV-PCR #R AL, W53 Preumocystis
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VEAEN S =2 —F Y AF AM KOS MR L
7205, PO AR G\ZHE D IR %% 7% X4
B E2BEWTIE AT B A NEHF R Rz iiiE o 55
7%, ZofbofMlatkfEZ s et T EEETR
DRV EM SRRV & 2, RERERO
SRENG L eho7z, Fio, e o & FRHA
WX B UAREDORERERLIITL TITo 72, Uik
b L BRI LR R EL A SN, X 8 H
PRI A — NN 71— 40L/50% M5 TD
B Lo, 2, X H S HOREXHEMATE
TR I EE 3mm R OELE R S, s
DB L 7o B SGT & 2 b/, IRBYGE
Mo, XA 11 HiIZid= 2 —F Y A F Akt
WELTHMIRANTY L -H V77X NFH Y=L
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=50
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240mg/1200mg 8 W¢f4HE (MY A M7V A H T
15mg/kg/H) #HEOHS., BRNEEDOL I+ 41 F
Bzt 2% 2 CoOLR7aFH ¥ ¥ 500mg
24 T O 5% B L 7-.

W HMICHEE LA o &5 R1E, s 2813 2
ty bl y hDAED S Staphylococcus epidermidis
O (T ¥ 5 I 2= av), BEEEPOIZS Y
INTF L ERT ) VIRV R AT S Entero-
bacter cloacae DI, WKEFFE XM, MK HANLEE
TIEEMEAMEZ L, HEEGRWES L OEED
HSV-PCR k&M, W& P. jirovecii-PCR WA 1Bk
Tholz. TNHDORAEREDNS, HEBERE LR
HOMBE M9 GENE : E. cloacae) B =2 —
TYVAFAMIREECEZHIL, XA 12 HUFEIE Y Y
INTZHZN-ERTIYYBIFM)IAMNTY L -
V77 A RFF—VOEGOHMEEL, ZOMmD
P AEm T RTHIE L7z, 72, AaDO: BK,
B FIMAE Z £ ) = 2 —F ¥ A F AMi o P -
LT, YV F=vur 60mg/H%5HIH, 30mg/
H#%5HM, 15mg/H% 10 HE 05217572, 7
B, BVEH O I SRS 28 2 5 #iPH T
RO HNTZDS, AT a4 RIS LT
wiiliE e OB E E L THIEMN LRI R E T &
R\,

X H 12 HUAREI X L, MPIRIRTE & TR 4 12408 L
72 XH24HWZE I N2 5L - ¥ERFT VY ok
Hadgik L7z, X+1) HIHIZIE M)A MTY A -

PH264:11 H20H
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KFBHFELTHIYXAPTY A -HF VT 7 X FH
V= VKD 1g/ HO B S o5 L Lz, X+
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RIFERE) A7 DB ) ST GHIO TR 5% BE§ X
&P E LT, NCCN Guidelines™ Version 2.2011
Prevention and Treatment of Cancer-Related Infec-
tions Ti&, [HIESFIC T €Y' T I FHEH O
EEAISA] [TV F=va v #85C 20mg/ H L
LoWEa v a4 VS & 48U EAT D A
BT HNTVRE05, AFNIINHITITFEY L.
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Prneumocystis 1% 1909 412 Carlos Chagas (2 & o C
ENVEY POMICEGT AL LTRSS
7o, MMV XY —<D—Ffi& LT Schizotrypa-
num cruzi & ENT2DS, TOH, Fx IO
# Otto Jiroveci 12X 1, 193040 4123 — 1 » /T
KRR O/ o [ THAT L 72 SR BRI 7% |
DJERIFIEAR & LT D Pneumocystis 25itilk S 7=V,
[T OB 28 ] OFRBMAR 2 Pl V3 d SHess
KMONRBOFRDP SFONTRETH Y, LR
CEaHO HIVBIHER A T 04 F & &K
PESIEAREIEIIAH L CWird»72. Mayo Clinic ®
Hench 575, Y v~ F HB#EIZ [compound E] %
BhHL, TNETERZE) THo M) v~ F
FHLBERICHET L L) ICETHELAEZ L 2K
B L72DA 1948 4D “Mayo Clinic Proceedings” T
H 5. 1950 FHIHEIZ, 4 H OBEEVERIEARSIE DY
MEnATuA FiaHE, %56 CICREREEHEC
B B BGHEDWREARD 1 DT % Pneumocystis 73
LIS N TV B EITHBRE W,

Pneumocystis jirovecii {3 AR 7ERGIE T LML S
TWZWn7e, fll 2 RIS 02 % o> Tn e,
Il T2 ik #ir B A 2 D B8\ Preumocystis i & (DL
PcP) PMERIIEL /-2 &M IhTBY, iz
ARERETE VL PR F—N—L o TnDH
e L RIS hCwd (Fig 1).

R RREDER
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B, ZOEBIEEIIRY FHA FOBZESAD
TIEITF SN TS,

T THUREAE DL R & MRS B AL A D 5 A
%0, % (humoral immunity) ] [H0F
3% (cellular immunity) ] &) BUEMN R 7z,
D IFZBRIZIE I % B G & i O 7z Classic 7
SETH DY, RS THFPEREAE] 2z 2=
SPREDS TRIEESIEA ST | 2 B3 5 R CldR7
WZAERTH B,

IE Y AT A, #UZLEATT - WY R EEO %
SEZ - EW ARSI LRI TV S, F
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recognition receptor) /- L C, ZDIE =Ry %
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Fig. 1 Pneumocystis jirovecii

Normal Host
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Normal Host

FTHEEZOLNEEASH. Tz, CD4¥AHs200 ULk
T PcP Z385E$ % HIV EEZOBITIX, 714 VA
& (viral load) 2SIEF TRV, PcP SRR L 72
wHETH, REDO)AZHTRRBEINS.

INET “non-HIV' -PcP & LT—HENhTE
P, FEBITIEIEE IC heterogenous 2 #EHC
HDH. I REY A7 #EE LT -
BN EFREAE - BPEIEE (V) v Rk Mg g) - B
B H OSSR R EFAE SN TVwDA, 2
NSIREREZO S D, BITH BRI L o THRA %
REORENH %KL, LT L TELETE
5HDOTIE R\,

PcP PR O HE—RINIETH 5 ST GANLILIRITH
ThHY, ToOLEEINKGIIERALZEATITH) X
ETHA ). STHAIOMHITEGEET) 7~ F—
TADEALE FHT 5 & v ) iR, fluconazole
TPEH ¥ ¥ FI12 X 2 MGREGHE & B3 5 & v ) R
B0 HRLND.

L7 L, non-HIV PcP i3# U C HIV Bd:# PcP X
N HEIEL LT L, HHPENLYE O mortality
b . 2 NS PeP o AR B o> F B 2 B o 3
Preumocystis WAKRDIRKFED virulence 12X %5 b DT
(&7 <, [Pneumocystis WA X3 2 lili D 5835 SUS T
HbH] FeHEERINTWS, LaL, HIV B
PcP T [CD4 2%E\v (& ) SEdidsfiiznsz?) K
ETHIAE L7z PcP] 2SEIETH B, &) HEidk
V., Zodipn, PP I [RBESTL] VAZHFE
PP [EEE| 2302V A7 HTIERLRLOT
Fwvh b v ) IRFAEA»N S, HIV B PcP 123
W, HAART BARZICRIEHRESEMREE L LT

PH264:11 H20H

Compromised
Host

Fulminant Pneumonia

PLoS Pathog 2012; 8(11): 1003025
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PcP AL T % DI [ Preumocystis (2B L9 % %
ED (Vb o TL57:0]] LHRETES.

Non-HIV PcP O X &

HIV B3 PcP &[4k, non-HIV PcP IiZBWTd
CDA% A Y A2 T LT iz d 557, HIV
B PcP &2 ) 7 B % 52 T & v, SR
7% % & & Fr BLEE R O BRRRER D 2 [ Clfrb b
%Y, FHHEROTREREOM R R L
25, [PcPEIEY A7 ICHIERD VLI LA
HHENTWwAS (Fig. 2).

& 5|2 Hidden agenda & LT [BEEDNER B
5 Z &, W% Preumocystis WK EG: L 72D -
V7TV ADANZALPREINTND Z LR,
ICRARIRE (REEEHOM <, Jirovec IZH IR
O TP DENWN 2> & Preumocystis jirovecii % [FE L
708, DA L Tk [MKRARIRE] A3 PcP )
A2z &L THAZ Eidironical THbH) REE Z
NEFTEHEINTVWRVWEELY A ZHRTTHEH
REVEDSD 5.

YUEEFANOT7TO—F

PR ENTAEBNT B AT AN L TR 2205
B (LY AYORICHEFEATOA FR i filH H
ZENR) FEATHRICHERELZMET, =2—FY
AF A LTH ) A7 WY (A7uA4 K
OHERD FORMEG 2 L) 28 32w,
empirical 72 PUR FAREIR I UL LR Wiz, =2 —
EVAF AR AR L2MERITWEE L, &
WILOTHE. AT [ATHA4F BEEaVF



Fig. 2 ADVISORY COMMITTEE MEETING
TOFACITINIB FOR THE TREATMENT OF
RHEUMATOID ARTHRITIS NDA 203214
BRIEFING DOCUMENT May 9, 2012

* Two of the 3 Pneumocystis jirovecii
pneumonia cases occurred in Japan, a country
where pneumocystis is diagnosed 10 times
more frequently than in the United States.

http:/fwww.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials
/Drugs/ArthritisAdvisoryCommittee/UCM302960. pdf

a4 F) OFE] IOV TIZFEL Nz 7255,
T 22704 FOMBXF VTV F=vor,
TLbk=vury, FXHAyUURY), KK
i, G-I, BN R LT ARB R EICI o TIA
T4 FFERMPP] O 2713855 L BESh
5.

FFRIICIE PP RHEEE & LT, BT Prneumocystis 1
& & 1T [Preumocystis 1R 3 % 5o SIS & H§ 5
IR % ] ER 2 A L7235 IRE S b 28,
FNETEARREB T LEY ¥ =2 T2 8912,
(PcP DFWIBMEZ AL RD) [BEb L] EFICHR
RO STHAEATUA FEHRSTHLIGWT
%9 (Fig. 3).
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Pneumocystis jirovecii (former carinii) pneumonia, is a life-threatening opportunistic infection occurring
in immunocompromised hosts. The aim of this study was to investigate the predisposing factors, clinical
features and outcome of Pneumocystis pneumonia (PCP) in HIV-negative patients. The medical records of
62 adult patients with PCP, hospitalized at the University Hospital of Heraklion, Crete, Greece during a
10-year period (2004—2013) were retrospectively reviewed. All patients were immunosuppressed prior
to the development of PCP. Thirty one patients (50%) suffered malignant hematological disease, 16 (26%)
solid tumor and 15 (24%) had chronic inflammatory disease. Only 17 (27%) had received long-term
systemic corticosteroids. All had symptoms of pneumonia upon admission, while 12 (19%) were
suffering respiratory failure. Twenty one (34%) had received trimethoprim/sulfamethoxazole (TMP-SMX)
prophylaxis before the PCP onset. Eight patients (13%) were admitted to the ICU. Mortality attributable to
PCP reached 29%. Mortality attributable to PCP was higher in patients with solid tumors. TMP-SMX
prophylaxis failed in a significant portion of the present cohort. Hence, PCP should be included in the
differential diagnosis in immunocompromised patients with symptoms from the respiratory tract even if

TMP-SMX has been given as prophylaxis.
© 2014, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.

Published by Elsevier Ltd. All rights reserved.

1. Introduction

Pneumocystis jirovecii (former carinii) pneumonia is a relatively
common, life-threatening opportunistic infection of the immuno-
compromised hosts [1,2].

Although Pneumocystis pneumonia (PCP) is the most common
opportunistic infection in human immunodeficiency virus (HIV)
infected patients, may also occur in individuals with other forms of
immunosuppression, including those with hematological malig-
nancies, solid tumors, organ transplant recipients and patients
suffering from inflammatory conditions requiring chronic immu-
nosuppression with corticosteroids or cytotoxic agents [2—8].

* Corresponding author. Department of Internal Medicine, University Hospital of
Heraklion, P.O. Box 1352, 71110 Heraklion, Crete, Greece. Tel.: +-30 2810 392688;
fax: +30 2810 392359.

E-mail address: kofterid@med.uoc.gr (D.P. Kofteridis).

http://dx.doi.org/10.1016/j.jiac.2014.03.003

In developed countries, the incidence and mortality of PCP in
patients with HIV infection has been reduced due to the intro-
duction of prophylaxis against P. jirovecii and the highly active an-
tiretroviral therapy [2,9—11]. In contrast, the incidence of PCP
among non-HIV patients has increased [9,11], as well as the need
for hospitalization and intensive care unit (ICU) admission, while
mortality is high (30%—50%), remaining unchanged over the last
two decades [2,10,12—17].

Several studies have compared clinical manifestations of PCP in
patients with and without AIDS [10,14,16,17], while others have
tried to determine risk factors for PCP development in non-HIV
patients. However, few data have been published on the impact
of different types of immunosuppression on clinical presentation
and outcome of PCP in non-HIV patients [15,18].

Improved knowledge of presenting symptoms, risk factors and
identification of patients who need primary prophylaxis may help
to reduce the PCP high mortality rate among non-HIV patients.
Hence, the aim of the present study was to describe the underlying

1341-321X/© 2014, Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases. Published by Elsevier Ltd. All rights reserved.
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disorders and risk factors facilitating the PCP development, as well
as the clinical presentation and factors influencing the outcome.

2. Patients and methods

The medical records of HIV-negative adult patients admitted to
the University Hospital of Heraklion, Crete, Greece and diagnosed
with PCP from January 2004 through to May 2013 were retro-
spectively reviewed.

Eligible for inclusion in the study were patients having clinical
and radiological signs of pneumonia and positive results of direct
fluorescent antibody staining for P. jirovecii in samples of induced
sputum or bronchoalveolar lavage (BAL) fluid using indirect
immunofluorescence microscopy with monoclonal antibodies
(MONOFLUO TM, Pneumocystis carinii IFA-test kit, BIORAD).

Data collected from the patients’ medical records included de-
mographic information, past medical history, presenting signs and
symptoms, laboratory and imaging results, treatment (antimicro-
bial and steroid treatment, P. jirovecii prophylaxis), need for me-
chanical ventilation, need for ICU admission and outcome.

PCP was considered as cause of mortality when death occurred
during the diseases’ treatment without other identified causes.

2.1. Definitions

Systemic inflammatory response syndrome (SIRS): 2 or more
SIRS criteria [19].

Respiratory failure: hypoxemic (type I) if the arterial oxygen
tension (P,0,) was lower than 60 mm Hg with a normal or low
arterial carbon dioxide tension (P,CO,) or hypercapnic respiratory
failure (type II) if the PaCO, was higher than 50 mm Hg with a low
P,0,.

Fever: a body temperature elevation over 37.8 °C,
Neutropenia: absolute neutrophil count <1000 neutrophils/pL
Lymphopenia: absolute lymphocyte count <1500 cells/uL

Use of corticosteroids: equivalent of >20 mg prednisone per day
for >30 days

Hypoxemia: inadequate level of oxygen in the blood. defined as
a Pa0; < 80 mm Hg

. Statistical analysis

Statistical analysis was performed using Statistical Package for
the Social Sciences (SPSS) for Windows Version 17.0 (Chicago, IL,
USA). Descriptive statistics for continuous variables are expressed
as median (range) and categorical variables are presented as
number and percentage (unless otherwise stated). Analysis of
variance or Kruskal—Wallis tests (as applicable) were applied to
continuous variables to determine if differences existed among the
3 cohorts (hematological malignancy vs. solid tumor vs. chronic
inflammatory/autoimmune disease). Chi-square or Fisher’s exact
tests were conducted to assess differences between the 3 cohorts
on categorical variables. For bivariate analysis, categorical variables
were compared using the chi-square test, or Fisher’s exact test
when appropriate, while continuous variables were compared us-
ing Student’s t-test or non-parametric Mann—Whitney U test (for
not normally distributed variables). Multivariate analysis, using
logistic regression model, was performed to determine the vari-
ables associated with mortality. Variables with a p-value <0.05 by
bivariate analysis were included in the logistic regression analysis.
The 0.05 p-value cut-off for inclusion in the multivariate analysis
was chosen due to the small number of events (deaths) in this
cohort.
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All p-values were two sided, and statistical significance was
accepted for p-value <0.05.

4. Results
4.1. Epidemiology and clinical characteristics

During the 10-year study period 62 patients with P. jiroveci
positive sputum or BAL samples were identified by microscopy.

The mean age (standard deviation) of the patients was
65.2 + 13.7 years. All 62 patients were immunosuppressed at the
time of PCP development. Thirty one patients (50%) suffered he-
matological malignancies, 16 (26%) solid tumor, and 15 (24%) had
chronic inflammatory disease. Regarding the type of immunosup-
pressive treatment, 26 (42%) patients were treated with chemo-
therapy, 17 (27%) had received chemotherapy and steroids and 13
(21%), had received long-term systemic corticosteroids only. Table 1
summarizes the immunosuppressive conditions in patients who
suffered from PCP.

Twenty-nine patients (47%) had received steroids before the
development of symptoms. Median time of steroid treatment was
40.5 days (range: 4—2190). In 8 out of 29 patients treated with
steroids the dose was lowered before the onset of PCP, while in 10,
PCP was diagnosed after the steroid treatment was withdrawn. The
median time between the end of steroid treatment and the onset of
PCP was 9.5 days (range: 2—51).

4.2. Clinical presentation and laboratory values of PCP on
admission

Upon admission all patients had symptoms of pneumonia. Fever
(52%) and cough (40%) were the two most common signs followed
by dyspnea (32%). Half of the patients had more than 2 SIRS criteria
(Table 2). The median time interval between the onset of symptoms

Table 1
Immunosupressive conditions associated with Pneumocystis girovecii pneumonia.

Condition No of patients (%)

Hematologic malignancy
AML 1

non-Hodgkin lymphomas 10)
Multiple myeloma 8)
CLL 6)
CML 2)
ALL 2)

Hairy-cell Leukemia
Myelodysplastic syndrome
Hodgkin lymphomas

Solid tumor

Lung cancer

Breast cancer

Stomach cancer

Colon cancer

Cervical cancer

Chronic inflammatory disease/autoimmune disease 1
Reumatoid arthritis

Sarcoidosis

Pulmonary fibrosis

Ankylosing spondylarthritis

Pemphigus

Monoclonal gammopathy of undetermine significance

Type of immunosuppressive treatment

Chemotherapy alone 26 (42)
Steroids + chemotherapy 17 (27)
Long-term steroids 13 (21)
Transplantation 3(5)

AML: Acute myeloid leukemia, CLL: Chronic lymphocytic leukemia, CML: Chronic
myelogenous leukemia, ALL: Acute lymphocytic leukemia.
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Demographics and clinical characteristics of 62 patients with Pneumocystis jirovecii pneumonia.

Characteristic Total (n = 62) Hematological Solid tumor Chronic inflammatory/
malignancy (n = 31) (n=16) autoimmune disease (n = 15)
Male gender 43 (70) 24 (77) 10 (62.5) 9 (60)
Comorbidities 33 (53) 10 (32)° 9(56)° 14 (93)°
Number of comorbidities®, mean (SD) 0.7 (+1.2)° 0.9 (+0.9)° 24 (£1.2)°
Co-infection 16 (26) 10(32) 1(6) 5(33)
Duration of symptoms before admission 10 (0-32) 10 (4-32) 8 (0—-26) 15 (3—-25)
Steroid use
PCP during lowering dose 8/29 6/18 0 2/11
PCP after stoppage 10/29 7/18 0 3/11
Duration of steroid use 40.5 (4-2190) 10.5 (4—-1820) 47 (20-70) 210 (39-2190)
Duration from steroid stoppage to PCP 9.5 (2-51) 6.5(2—13) 51 10
SIRS on admission 31 (50) 17 (55) 7 (44) 7 (47)
Symptoms/signs
Fever 32(52) 20 (64) 6 (37.5) 6 (40)
Cough 25 (40) 10 (32) 6 (37.5) 9 (60)
Dypsnea 20 (32) 7 (22.5) 8 (50) 5(33)
Haemoptysis 8(13) 6(19) 2(125) 0(0)
Skin rash 12 (19) 5 (16) 1(6) 6 (40)
Respiratory failure 12 (19) 3(10) 5(31) 4(27)
Days from admission to diagnosis 8.5 (3-79) 11.5(3-53) 9(3-32) 7 (3-79)
Type of pneumonia
Interstitial 48 (77) 27 (87)° 13 (81)° 8 (53)°
Alveolar 14 (23) 4(13) 3(19) 7 (47)
Pleural effusion 22(35) 13 (42) 7 (44) 2(13)
Neutropenia 18 (29) 17 (55)° 1(6)° 0 (0)°
Lymphopenia 31 (50) 17 (55) 9 (56) 5(33)
Hypoxia 23(37) 10 (32) 5(31) 8(53)
Arterial ph 7.47 (7.27-7.55) 7.48 (7.41-7.55) 7.48 (7.39-7.50) 7.43 (7.27-7.50)
LDH 303 (87—1274) 333.5 (87.0-1211.0) 298 (168—1274) 301 (150—475)
Albumin 3.45(2.20—4.70) 3.35(2.20—4.70) 3.10 (2.40—-3.80) 3.5(2.30—4.00)
Need for MV 8(13) 2(6.5) 5(31) 1(7)
ICU admission 9(14.5) 2 (6.5) 2(12.5) 5(33)
Prophylaxis 21(34) 15 (48)° 3(19)° 3 (20)°
Type of treatment
TMP-SMX without other antimicrobials 28 (45) 15 (48) 7 (70) 6 (40)
Adjunctive steroids 50 (81) 22 (71) 13 (70) 15 (100)
Duration of hospitalization 24 (3-117) 34.5(9-117) 20 (3—44) 21 (3—-100)
Death attributable to PCP 18 (29) 8(26) 8 (50) 2(13)

SD: Standard deviation; SIRS: Systemic Inflammatory Response Syndrome; MV: mechanical ventilation; ICU: Intensive Care Unit; TMP-SMX: Trimethoprim/sulfamethoxazole;

PCP: Pneumocystis jirovecii pneumonia.

@ Other comorbidities other than hematological malignancy, solid tumor, or chronic inflammatory/autoimmune disease.

b p-value < 0.001.
¢ p-value = 0.047.

and hospital admission was 10 days (range: 0—32) and the median
time from admission to PCP diagnosis 8.5 (3—79).

Upon admission, hypoxemia was present in 23 (37%) patients,
while 12 (19%) were suffering from respiratory failure. Over than
one-fourth (29%) suffered from neutropenia, whereas lymphopenia
was more common (50%).

Twenty one patients (34%) had received only trimethoprim-
sulfamethoxazole (TMP-SMX) prophylaxis for PCP before the dis-
ease onset. Prophylaxis was more common in patients suffering
from hematological malignancies (p-value < 0.001).

4.3. Radiographic findings

Chest radiographs revealed consistently abnormal findings in all
patients and were categorized by the major and most prominent
radiological pattern. Interstitial infiltrates was the most common
feature in all types of immunosuppression being present in 48
patients (77%), while alveolar infiltrates were present in 14 (23%).
Interstitial infiltrates were more common in patients with chronic
inflammatory/autoimmune disease as compared to those with
hematological malignancies and solid tumors. Twenty two (35%)
had pleural effusion (Table 2).
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4.4. Treatment and outcome

All 62 patients were treated with TMP-SMX for a total of 3
weeks. Fifty (81%) received steroids as adjunctive treatment
(Table 2).

Eight patients (13%) with P. jirovecii related acute respiratory
failure were admitted to the ICU; all required mechanical ventila-
tion (MV).

The median length of hospital stay was 24 days (3—117). No
differences between immunosuppressive condition and length of
hospital stay were revealed.

The mortality attributable to PCP reached 29% (Table 2). The
therapeutic use of steroids did not affect mortality (15 patients out
of 50 who received steroids died vs. 3 out of 12 patients who did not
receive steroids, p-value = 0.999).

For definition of PCP prognostic factors, data of the 18 patients
who died were compared with data of the 44 patients who sur-
vived in the bivariate analysis. Solid tumor, need for MV, presence
of SIRS criteria on admission, presence of pleural effusion, and
respiratory failure were found to be associated with mortality
(Table 3). However, in the multivariate logistic regression analysis,
a tendency for increased mortality in patients with respiratory
failure [OR: 6.45 (95% CI: 1.19—34.48), p-value = 0.031] has been
found.
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5. Discussion

This retrospective, 10-year period study of 62 non-HIV patients
with PCP has revealed that the infection occurred in 33% of patients
receiving TMP-SMX prophylaxis and that patients with solid tu-
mors had a higher mortality rate than those with other immuno-
suppressive conditions. The type of immunosupression did not
affect the clinical characteristics of the disease.

PCP is a life-threatening infection occurring in immunocom-
promised individuals. The most significant risk factors for PCP
development in patients without HIV infection are steroid use,
cancer (particularly hematological malignancy), hematopoietic
stem cell or solid organ transplantation, organ rejection, treat-
ment for certain inflammatory conditions (particularly rheu-

matic diseases), primary immunodeficiencies (eg, severe
combined immunodeficiency), and severe malnutrition
[2,15,18,20—23].

All patients in the present study had an established risk factor
for PCP. The majority suffered from hematological malignancies
with acute myeloid leukemia (AML) and non-Hodgkin lymphomas
(NHL) being the most frequent and from solid tumors while, 24%
had a chronic inflammatory or autoimmune disease. The risk of PCP
is particularly high among patients receiving steroids in combina-
tion with cytotoxic agents. However, it is of interest that over than
one third (42%) of the patients in the present study were receiving
only chemotherapy, when PCP occurred. This finding is in accor-
dance with previous studies examining PCP in cancer patients and
may indicate that chemotherapy or even malignancy per se can
increase the PCP risk [23,24].
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Previous studies revealed differences between type of immu-
nosuppression and clinical characteristics of the disease [18]. On
the contrary, significant differences either in signs and symptoms
or in laboratory values could not be found in the present study. The
only significant difference was the frequency of pleural effusion,
which was lower in patients suffering chronic inflammatory dis-
ease when compared to patients with malignancies. In general,
pleural effusion is considered a rare finding in patients with PCP
[1,2]. However, the present findings have shown that pleural effu-
sion in non-HIV patients with PCP occurs frequently, especially in
patients with malignancies, a finding reported also by others [18].

PCP prophylaxis with TMP-SMX is considered to be highly
effective, with significant reduction of mortality and a 91% reduc-
tion in the occurrence of the disease in patients with hematological
malignancies or after transplantation [25]. On the contrary, such
data regarding patients with solid tumors and immunosuppressed
patients with rheumatic diseases are lacking.

There are guidelines supporting PCP chemoprophylaxis in pa-
tients with hematological malignancies or solid tumors but are only
referring to patients receiving concomitant steroid therapy [26].
The present study as well as others have shown that cancer patients
who receive only chemotherapy are also at risk for PCP and could
potentially benefit from chemoprophylaxis [18,23]. However,
guidelines supporting PCP prophylaxis in this subgroup of patients
are lacking. In our series only three patients with solid tumor
received PCP chemoprophylaxis, while half of those with hemato-
logical malignancies did so.

Interestingly, failure of TMP-SMX prophylaxis occurred in a
significant portion of patients of the present cohort (34%). This

Table 3
Bivariate analysis of clinical characteristics in relation to death attributable to Pneumocystis jirovecii pneumonia.
Variable Patients who died (n = 18) Patients who survived (n = 44) p-value
Male gender 11 (61) 32 (73) 0.368
Chronic inflammatory disease 2(11) 13 (30) 0.193
Hematological malignancy 8 (44) 23(52) 0.576
Solid tumor 8 (44) 8(18) 0.032
Number of comorbidities, mean (SD) 1.2 (£1.4) 1.2 (£1.3) 0.976
Symptoms/Signs
Fever 8 (44) 24 (55) 0.470
Cough 6(33) 19 (43) 0.473
Dypsnea 5(28) 15(34) 0.629
Haemoptysis 3(17) 5(11) 0.738
Skin rash 5(28) 7(16) 0.282
Respiratory failure 9 (50) 3(7) <0.001
Duration of symptoms before admission, median (range) 11.5 (0-32) 9.5 (0—26) 0.872
SIRS on admission 14 (78) 17 (39) 0.011
Type of pneumonia
Interstitial 15 (83) 33(75) 0.476
Alveolar 3(17) 11 (25) 0.326
Presence of pleural effusion 10 (56) 12 (27) 0.035
Co-infection 4(22) 12 (27) 0.760
Days from admission to diagnosis 11.5 (3-53) 8(3-79) 0.157
Neutropenia (<1500/uL) 6(33) 12 (27) 0.633
Lymphopenia (<1000/uL) 10 (56) 21 (48) 0.576
Hypoxia (<70 mmHg) at room air 10 (56) 13 (30) 0.082
Arterial pH 7.46 (7.41-7.50) 7.48 (7.27—-17.55) 0.539
LDH 304 (176—1274) 302 (87—-1211) 0.318
Albumin 3.30(2.30—3.90) 3.45(2.20-4.70) 0.799
Need for MV 6(33) 2 (4.5) <0.001
ICU admission 6(33) 3(7) 0.011
Prophylaxis 6(33) 15 (34) 0.999
PCP therapy
TMP-SMX without other antimicrobials 8 (44) 20 (45) 0.999
TMP-SMX combined with other antimicrobials 10 (56) 24 (55) 0.999
Adjunctive steroids 15(83) 35 (80) 0.999

PCP: Pneumocystis jirovecii pneumonia; CT: computed tomography; MV: mechanical ventilation; SIRS: Systemic Inflammatory Response Syndrome; ICU: Intensive Care Unit;

TMP-SMX: Trimethoprim/sulfamethoxazole
Bold numbers represent statistically significant results.
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observation is consistent with some previous reports [4,27,28].In a
study by Saah et al., that documented a 20% failure of PCP pro-
phylaxis in 476 HIV patients, the main predictor of failure was
profound T-helper lymphocytopenia [27]. Furthermore, failure of
primary or secondary anti-PCP prophylaxis is associated with a
specific P. jiroveci genotype [28]. In the present study we were
unable to reveal any predictor for prophylaxis failure.

Regarding PCP treatment, all patients of the present study
received TMP-SMX as initial empirical treatment. Of interest, 81% of
them received adjunctive steroid therapy. Whereas this approach
has been proven to be helpful in patients with AIDS [29], it has not
been validated in non — HIV immunocompromised patients.
Despite the fact that there are some studies suggesting that steroids
can be helpful as treatment of HIV-negative patients with PCP [29]
the present study has shown that adjunctive corticosteroid therapy
did not affect the prognosis at all, as previously reported by others
[15,21,23]. However, this result needs to be confirmed by large
randomized trials.

In the present study the mortality attributable to PCP reached
29%, being similar to that reported by several authors
[7,12,18,20,23]. Evaluation of the parameters influencing outcome
of the present PCP cases has shown that only respiratory failure was
an independent predictive factor for mortality.

The present study has limitations. Firstly due to the relatively
small number of cases, sufficient power might not have been pre-
sent to demonstrate potential differences between type of immu-
nosuppressive condition and clinical characteristics. Similarly, the
relative small number of patients who died affects the statistical
power to reveal potential predictors of outcome. Secondly the
retrospective nature did not allow some variables to be recorded
such as the number of CD4 cells and the total dose of steroids in all
included patients.

In conclusion, all immunocompromised non-HIV patients with
symptoms of pulmonary infection should be carefully evaluated for
PCP. Mortality of this infection remains high. Limited data are
available for the efficiency of PCP prophylaxis in solid tumors and
immunosuppressed patients with rheumatic diseases. Hence, PCP
should be included in the differential diagnosis even in patients
receiving TMP-SMX prophylactically.
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Abstract In human immunodeficiency virus (HIV)-
infected patients, Pneumocystis jirovecii pneumonia (PCP)
is a well-known opportunistic infection, and its management
has been established. However, PCP is an emerging threat to
immunocompromised patients without HIV infection, such
as those receiving novel immunosuppressive therapeutics for
malignancy, organ transplantation, or connective tissue
diseases. Clinical manifestations of PCP are quite different
between patients with and without HIV infections. In
patients without HIV infection, PCP rapidly progresses, is
difficult to diagnose correctly, and causes severe respiratory
failure with a poor prognosis. High-resolution computed
tomography findings are different between PCP patients with
HIV infection and those without. These differences in clin-
ical and radiologic features are the result of severe or dys-
regulated inflammatory responses that are evoked by a
relatively small number of Pneumocystis organisms in
patients without HIV infection. In recent years, the useful-
ness of PCR and serum f-p-glucan assay for rapid and
noninvasive diagnosis of PCP has been revealed. Although
corticosteroid adjunctive to anti-Pneumocystis agents has
been shown to be beneficial in some populations, the optimal
dose and duration remain to be determined. Recent investi-
gations revealed that Pneumocystis colonization is prevalent,
and that asymptomatic carriers are at risk for developing PCP
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and can serve as the reservoir for the spread of Prneumocystis
by person-to-person transmission. These findings suggest
the need for chemoprophylaxis in immunocompromised
patients without HIV infection, although its indication and
duration are still controversial. Because a variety of novel
immunosuppressive therapeutics have been emerging in
medical practice, further innovations in the diagnosis and
treatment of PCP are needed.

Keywords Pneumocystis jirovecii pneumonia -
Non-HIV-infected patients - Rheumatoid arthritis -
p-p-Glucan - PCR

Introduction

Pneumocystis jirovecii pneumonia (PCP) is a potentially
life-threatening fungal infection that is seen in immuno-
compromised individuals. Before the 1980s, PCP was
recognized as a rare but fatal infection primarily among
patients with acute leukemia and other hematological
malignancies. In the 1980s, the worldwide epidemic of
human immunodeficiency virus (HIV) dramatically increased
the prevalence of PCP as one of its most common com-
plications. Although PCP once increased explosively
among HIV-infected patients, progress in anti-retroviral
therapies and the use of routine prophylaxis against PCP
has led to reduced rates of PCP in the HIV-infected pop-
ulation in most industrialized countries. However, PCP
remains a significant cause of pneumonia in patients with
other types of immunodeficiencies [1-4]. In particular,
with the recent introduction of biologics and molecular-
targeted agents for the treatment of rheumatic diseases,
inflammatory bowel diseases (IBD), and malignancies, a
rising incidence of PCP has been noticed [4-8].
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PCP occurs in non-HIV patients with a variety of under-
lying diseases or conditions, including hematological malig-
nancies, solid tumors, organ transplantations, and connective
tissue diseases. The clinical manifestations of PCP are quite
different between non-HIV patients and those with HIV
infection and also between patients with different underlying
diseases [8—13]. There are many issues to be solved con-
cerning the diagnosis, treatment, and prophylaxis of PCP in
non-HIV patients. In addition, ethnic differences in the inci-
dences of PCP have been indicated [14, 15], which suggests an
unknown mechanism of the pathogenesis. This article reviews
the current understanding of the pathogenesis, clinical pre-
sentation, diagnosis, treatment, prophylaxis, and prognosis of
PCP in the non-HIV population.

Mycology

In 1909, Carlos Chagas first discovered Pneumocystis cystic
forms in the lungs of guinea pigs. A year later, Antonio Carini
found similar cysts in the lungs of rats. They first concluded
that the cysts are a new species of trypanosome. In the 1940s,
Preumocystis was recognized as a pathogen for pneumonia in
malnourished or premature infants. In 1952, Otto Jirovec, a
Czech pathologist, first identified this organism as the cause
of interstitial pneumonia in these infants. Preumocystis,
which was first classified as a protozoa, indeed shares some
biological characteristics with protozoa [3]. Based on DNA
sequence analyses, Pneumocystis is now classified as a fun-
gus, although in contrast to other fungi it lacks ergosterol and
is extraordinarily difficult to grow in culture. The whole
genome analysis of Pneumocystis has been completed [3, 6].
In the recent nomenclature change, the form that infects
humans has been renamed Preumocystis jirovecii after Otto
Jirovec [16]. A unique form of Prneumocystis has been iden-
tified in virtually every mammal, each with differing genetics
and stringent host specificity. For example, the form that
infects rats cannot infect humans and vice versa. Study of the
life cycle and drug susceptibility of Pneumocystis has been
hindered by the inability to isolate it in pure culture. Mor-
phological studies revealed three distinct stages: the tropho-
zoite (trophic form), in which it often exists in clusters, the
sporozoite (precystic form), and the cyst, which contains
several intracystic bodies (spores). The trophic form is
1-4 pm in diameter, and the mature cyst is 810 pm in
diameter. During infection of the lung, the trophic forms
predominate over the cyst forms by ~10:1 [8-10].

Colonization and transmission

Based on serological testing, most children acquire infec-
tion with P. jirovecii by age 4 [17, 18], but the rates of
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colonization were unclear until the investigations using
polymerase chain reaction (PCR). In HIV-infected patients,
the rates of colonization were reported to be as high as
69 % [19]. Recent evidence has revealed that the non-HIV
population is also frequently colonized with Pneumocystis
[20]. Pneumocystis colonization has been reported in
infants, elderly patients with chronic obstructive pulmon-
ary disease (COPD) and other lung diseases, patients
undergoing immunosuppressive therapy, and healthcare
workers [21-26]. In addition, Chilean investigators iden-
tified P. jirovecii in 65 % of the autopsied lungs of 77
healthy individuals, which provided convincing evidence
that colonization of Pneumocystis is highly prevalent
among the general population [27].

Earlier expert opinions suggested that PCP develops
after reactivation of latent infection, but a growing body of
evidence indicates that de novo exposure from individuals
with PCP or those who are colonized with Pneumocystis
may result in person-to-person transmission [28-31]. In
HIV-infected patients who experienced two episodes of
PCP, genetically distinct isolates were associated with each
episode, which suggests that the recurrent episodes of PCP
were caused by reinfection rather than by reactivation of
a latent infection [21, 32]. In addition, in a large outbreak
of PCP in renal transplant recipients, genotyping of the
P. jirovecii isolates indicated airborne transmission from an
index case at the outpatient clinic and the ward [22]. The
results of these genetic epidemiological studies using
genotyping support person-to-person spread of Pneumo-
cystis [6, 7].

Pneumocystis-colonized individuals may not only serve
as a reservoir for disease transmission but also pose a risk
for developing PCP [23]. Previous studies have found
disease onset following colonization, usually with Pneu-
mocystis with the same genotype [4-8, 23]. Mori and
colleagues performed PCR for P. jirovecii on respiratory
specimens from 82 patients with rheumatoid arthritis (RA)
and identified 9 (11 %) as asymptomatic carriers. Three
among the 9 carriers developed PCP within 1 month after
the PCR testing [33]. These findings suggested that a col-
onized individual can be at risk for rapid development of
PCP.

Host response to Pneumocystis

The host immune response during PCP involves complex
interactions between CD4™" T cells, CD8" T cells, neu-
trophils, alveolar macrophages, and soluble mediators that
facilitate clearance of the infection [34, 35]. The trophic
forms of Pneumocystis adhere tightly to alveolar type I
epithelial cells. In response to proliferation of Pneumo-
cystis, uptake of the organisms by macrophages occurs
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through multiple receptor systems, including the action of
mannose receptors that interact with gpA/major surface
glycoprotein (MSG) on the surface of Pneumocystis, and
the interaction between Pneumocystis f-D-glucan and the
macrophage surface receptors, dectin-1 and toll-like
receptor 2 [3]. Opsonic proteins, including IgG, in the
alveolar spaces also participate in this uptake process.
Alveolar macrophages are known to play a key role in the
recognition, phagocytosis, and degradation of Pneumo-
cystis [36]. In addition, various proinflammatory cytokines
and chemokines that are released from activated macro-
phages and epithelial cells are essential for the optimal
elimination of the organisms [2, 36, 37].

CD4" T cells have crucial activities in host defense
against Pneumocystis. CD4™ T cells proliferate in response
to Pneumocystis antigens and generate interferon (IFN)-y,
which induces further recruitment of macrophages. Inter-
leukin (IL)-8, which is released from epithelial cells and
macrophages, strongly enhances the recruitment of neu-
trophils that not only contribute to the organism clearance
but also mediate lung injury through the release of prote-
ases and oxygen radicals. Severe PCP is characterized by
neutrophilic lung inflammation that may result in diffuse
alveolar damage, impaired gas exchange, and respiratory
failure. In acquired immunodeficiency syndrome (AIDS)-
associated PCP, IL-8 and neutrophil levels in bronchoal-
veolar lavage (BAL) fluid correlate closely with impaired
oxygenation and mortality [38]. In non-HIV patients with
PCP, the IL-8 levels in BAL fluid were higher than in HIV-
infected patients and correlated with the oxygenation index
[39]. These findings indicate that, once the host immune
response is excessive, pulmonary inflammation potently
contributes to lung injury, which is the outline of PCP in
non-HIV patients [3, 6, 7].

During PCP, pulmonary inflammation more potently
contributes to lung injury than direct effects of the organ-
ism. The inflammatory response is triggered by the surface
antigens of the organism, such as MSG and f-p-glucan
[2, 3, 11]. Mice with severe combined immunodeficiency
(SCID) lacking functional T and B lymphocytes have
spontaneous Pneumocystis infection by 3 weeks of age. In
spite of progressive infection, the SCID mice show normal
oxygenation and lung function until the late stages of the
disease [40]. When the immune systems in these animals
are reconstituted with the use of intact spleen cells, an
intense T-cell-mediated inflammatory response ensues,
resulting in substantially impaired gas exchange. Similarly,
in HIV-positive patients, the initiation of antiretroviral
therapy during the course of PCP treatment is often asso-
ciated with a paradoxical worsening of PCP with a relapse
in their symptoms and a deterioration in their respiratory
status. This phenomenon, which is known as the immune
reconstitution syndrome (IRS), is a consequence of the
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recovery of immune function resulting from antiretroviral
therapy. These observations indicate that the development
of lung injury requires cellular immune response besides
Pneumocystis infection [3].

Clinical features of Prneumocystis pneumonia in patients
with various underlying diseases

PCP develops in patients with immunosuppression or
immunomodulation in response to the underlying disease
or its treatment. The underlying diseases or conditions of
PCP in non-HIV patients include hematological malig-
nancies, solid tumor, organ or hematopoietic stem cell
transplantation (HSCT), and connective tissue diseases
under immunosuppressive treatment [12]. Risk assessments
for PCP in these population are somewhat complex and
cannot be clearly determined by CD4% lymphocyte counts
as in patients with HIV infection [41]. The most common
treatment-related risk factors include the use of cortico-
steroids, purine analogues, anti-CD52 and anti-CD20
monoclonal antibodies, calcineurin inhibitors, and tumor
necrosis factor (TNF)-a antagonists (Table 1).

The clinical features of PCP are quite different between
HIV-infected patients and those without HIV infection.
PCP in non-HIV patients is characterized by an abrupt
onset of respiratory insufficiency. In non-HIV patients, it
takes about a week from the onset of fever and dry cough
until the development of respiratory failure, whereas
PCP in HIV-infected patients has a more gradual disease
course that lasts for 2 weeks to 2 months. Respiratory

Table 1 Immunosuppressive agents associated with the development
of Pneumocystis pneumonia

Corticosteroids Purine analogs

Alkylating agents Azathioprine
Cyclophosphamide Cladribine
Temozolomide Fludarabine

Antibiotics/immunosuppressants Mycophenolate mofetil

Bleomycin TNF-a inhibitors

Antimetabolites Adalimumab
Cytarabine Etanercept
Fluorouracil Infliximab
Methotrexate Monoclonal antibodies

Calcineurin inhibitors Alemtuzumab
Cyclosporine Rituximab
Tacrolimus Tocilizumab

mTOR inhibitors CTLA4-1g*
Everolimus Belatacept
Sirolimus

* CTLA4-Ig: fusion protein composed of the extracellular domain of
cytotoxic T-lymphocyte antigen 4 (CTLA-4)
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insufficiency is usually more severe in non-HIV patients
than in the HIV-infected population. Pneumocystis is more
difficult to detect in non-HIV patients because of the
smaller numbers of organisms in the lungs. The outcomes
of PCP are more favorable in HIV-infected patients than in
those without HIV infection. The mortality rates of PCP
range from 30 % to 60 % among non-HIV patients,
whereas the rates are 10-20 % among the HIV-infected
population [2, 9, 10].

These differences in the clinical features of PCP are
thought to be caused by the differences in the immune
response of the host. Limper and colleagues evaluated the
numbers of inflammatory cells and organisms in BAL fluid
during PCP in patients with various underlying disorders
[11]. They observed that HIV-infected patients with PCP
had significantly greater numbers of organisms and fewer
neutrophils in BAL fluid and less severe oxygenation
impairment compared to other immunocompromised
patients with PCP, which suggested that the severity of
PCP could be determined by the inflammatory response
rather than by the load of the organisms [11]. After this
epoch-making investigation, it has become common
understanding that PCP in the non-HIV population is
characterized by severe inflammatory response evoked by a
relatively small number of organisms.

Hematological malignancy

Hematological malignant disorders, especially leukemia
and lymphomas, are the most common underlying immu-
nosuppressive conditions of PCP in HIV-negative patients
[2, 4]. HSCT for these disorders is associated with an
increased risk for PCP [42—44]. A retrospective cohort
study that was conducted at the M.D. Anderson Cancer
Center during 1990-2003 revealed that, among 80 episodes
of PCP in 79 patients, 53 (66 %) episodes occurred in
patients with hematological malignancies and 23 (29 %) in
HSCT recipients [42]. Sepkowitz and colleagues described
that PCP in patients with hematological malignancies was
characterized by poor prognoses with in-hospital mortali-
ties of 34-53 % [43].

Some specific therapeutic regimens are associated with
an increased level of cellular immunosuppression and a
consequently increased risk of PCP. Most of the patients
received corticosteroids at the time of the PCP diagnosis. In
addition, fludarabine and other purine analogues, commonly
used in the treatment of chronic lymphoid malignancies,
lead to severe and prolonged T-cell immunosuppression,
predisposing to PCP and other opportunistic infections.
Other cytotoxic agents that have been found to be associated
with an increased risk of PCP include cytarabine, vincris-
tine, cyclophosphamide, and methotrexate. Rituximab,
which targets CD20™ B cells, also increases the risk of PCP
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in patients receiving CHOP-based chemotherapy [4, 45].
Although tyrosine kinase inhibitors are also used for treat-
ment of hematological malignancies, there has been only
one lethal case of PCP reported in a patient who received
dasatinib, a multikinase inhibitor, for chronic myeloid leu-
kemia [46].

Today, guidelines have been published in which tri-
methoprim-sulfamethoxazole (TMP-SMX) prophylaxis is
recommended in patients with some hematological malig-
nancies and in HSCT recipients [47]. Routine prophylaxis
is suggested in patients with acute lymphoblastic leukemia
or in those treated with T-cell-depleting agents or high-
dose corticosteroids. With the routine use of PCP prophy-
laxis, the attack rate was 0.17 % for patients with acute
lymphoblastic leukemia, 0.31-0.34 % for lymphoma
patients, and 0.32 % for patients with leukemia other than
acute lymphoblastic leukemia [4]. In HSCT recipients, the
attack rate was as high as 5-15 % without prophylaxis. A
meta-analysis of randomized controlled trials, including
1,245 patients who had undergone autologous bone mar-
row transplants or who had hematological malignancies,
showed that the prophylaxis markedly reduced the PCP-
related mortality [48]. PCP in patients with hematological
malignancies may be becoming a preventable disease as in
HIV-infected subjects.

Solid tumors

Among solid tumors, primary or metastatic brain tumors,
lung cancer, and breast cancer are associated with higher
risks of PCP, whereas PCP rarely occurs in patients with
malignancies of the digestive organs [43]. The attack rate
for those with primary or metastatic brain tumors was
reported to be 1.3-1.7 % [43]. In patients with solid
tumors, corticosteroid use and radiotherapy were consid-
ered risk factors for the development of PCP [49]. In
contrast, PCP has been rarely reported in cancer patients
treated with platinum-based and other regimens of che-
motherapy alone [4]. It remains to be determined whether
novel molecular-targeted therapeutics are associated with a
risk of PCP.

Solid organ transplant recipients

PCP is one of the critical issues in recipients after trans-
plantation of solid organs [4, 50]. The reported incidence of
PCP among heart transplant recipients has varied widely,
from 5 % to 41 %. Among liver transplant recipients,
10-11 % of patients developed PCP. PCP is more frequent
in the recipients of heart-lung transplants, with reported
rates of 1643 % in the absence of prophylaxis [4].

Until the early 2000s, the risk of PCP was estimated to
be lower in renal transplant recipients than in recipients of
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other organ transplants. Subsequently, several outbreaks of
PCP among renal transplant recipients have been reported
[22, 51, 52]. This dramatic change might be associated
with the introduction of a new generation of immunosup-
pressants, rituximab and mycophenolate mofetil (MMF), in
addition to corticosteroids and calcineurin inhibitors, which
achieved marked reduction of the rejection rate. The
increase in PCP could be associated with the use of MMF,
which targets lymphocyte proliferation [53]. There has been
an increasing number of reports of PCP in renal transplant
recipients receiving everolimus and other mammalian tar-
get of rapamycin (mTOR) inhibitors. De Castro and col-
leagues [54] identified 11 cases of PCP in renal transplant
recipients and found that the duration of corticosteroid
treatment, the use of mTOR inhibitors, and lymphocyto-
penia at the time of prophylaxis discontinuation were risk
factors for PCP.

Connective tissue diseases other than rheumatoid
arthritis

Among connective tissue diseases, Wegener’s granuloma-
tosis is associated with a higher risk for the development of
PCP: the incidence of PCP was 6 % in a series of 180
patients followed between 1968 and 1992 [55]. This higher
incidence may be the result of daily corticosteroid with
additional immunosuppressive agents [56].

There is also a higher incidence of PCP among patients
with dermatomyositis or polymyositis (PM/DM) and those
with systemic lupus erythematosus (SLE) [57]. In these
patients, high-dose corticosteroid and immunosuppressive
therapies are associated with the risk of PCP [58, 59]. In
patients with these diseases, PCP could develop early in the
course of the immunosuppressive therapy, the risk of which
might be associated with lymphopenia before the initiation
of corticosteroid treatment [60].

Rheumatoid arthritis

PCP used to be uncommon in patients with RA, with
reported frequencies of 0.02 % in RA patients compared to
0.89 % in patients with Wegener’s granulomatosis [59] and
8 % in HIV-infected patients with lymphocytopenia [61].
Since the introduction of low-dose methotrexate (MTX) as
an important therapeutic for RA in the 1980s, increasing
numbers of RA patients have developed PCP, although the
accurate incidence remains unclear [62]. Tokuda and col-
leagues [63] evaluated the clinical features of PCP in RA
patients who were treated with MTX. Compared to PCP in
HIV-infected patients, PCP in those with RA developed
more rapidly, showing higher serum CRP levels and severe
oxygenation impairment. In most of the RA patients with
PCP, Pneumocystis could not be detected microscopically,
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requiring PCR for the microbiological diagnosis [63].
No significant immunosuppression was observed in RA
patients with PCP in terms of the preserved concentrations
of serum IgG and CD4* lymphocytes in peripheral blood.
All the 14 RA patients with PCP received TMP-SMX with
corticosteroids, and 2 (14 %) were deceased [63].

TNF-o inhibitors and other biologics were introduced
for the treatment of RA around 2000, after which PCP was
reported in those receiving the biologics [14]. The Japanese
postmarketing surveillance (PMS) program for infliximab,
a monoclonal antibody against TNF-o, showed that the
incidence of PCP was 0.4 % in the 5,000 patients enrolled
[64], which is more than ten times higher than the reported
incidence of this infection in data from Western studies of
this agent [15]. An epidemiological survey in the United
States revealed no increase in the incidence of PCP after
the introduction of biologics [65]. Compared to the inf-
liximab-treated patients without PCP, patients with PCP
were significantly older, had a higher prevalence of coex-
isting pulmonary disease, and were treated with a higher
daily dose of prednisolone [66]. Interestingly, the median
time to develop PCP was 8.5 weeks from the first infusion
of infliximab, and 16 (76 %) patients developed PCP
within 14 weeks after the first infusion [66]. This pattern is
quite different from that seen in the patients treated with
corticosteroid and classical immunosuppressants such as
cyclophosphamide in whom the risk of PCP increases in
proportion to the duration of the administration [66].

Similar results were shown in PMS of adalimumab,
etanercept, and tocilizumab. During the PMS in Japan for
etanercept, a recombinant tumor necrosis factor receptor:Fc
fusion protein, PCP developed in 15 (0.2 %) patients in the
7,091 patients evaluated [67]. Because 6 (24 %) of the 25
patients died, a particular concern was raised that Japanese
patients treated with TNF-blocking agents might have an
increased risk of the fatal lung complication, PCP. The
PMS for tocilizumab, an anti-IL-6 receptor monoclonal
antibody, and adalimumab, a fully human IgG; anti-TNF
monoclonal antibody, also revealed comparable data.
Kameda and coworkers evaluated 26 patients who devel-
oped acute respiratory failure with diffuse ground-glass
opacity (GGO) on chest computed tomography (CT) while
receiving a biological agent [68]. The final diagnoses for
26 patients examined were definite PCP for 13 patients,
probable PCP for 11, and MTX-induced pneumonitis for
2 patients. In all the PCP cases, the onset was around
3 months after the first administration of the biological
agent [68]. PCP in those treated with a biological agent was
characterized by severe respiratory failure, requiring oxy-
gen supplementation in 17 (71 %) patients and mechanical
ventilation in 6 (25 %). The clinical outcome, however,
was favorable with treatment with TMP-SMX and corti-
costeroids, with only 1 (4 %) deceased patient [68].

@ Springer



798

J Infect Chemother (2012) 18:793-806

Inflammatory bowel diseases

Patients with IBD, ulcerative colitis and Crohn’s disease,
are effectively treated with corticosteroids with or without
cyclosporine or TNF-o inhibitors, which may increase the
risk of PCP. There have been some reports of severe or
fatal episodes of PCP in patients with IBD under immu-
nosuppressive therapies [69, 70]. In PMS in Japan, only a
few cases of PCP were reported in patients receiving inf-
liximab for IBD [71]. This low incidence of PCP could be
owing to the younger average age of the patients and the
low prevalence of preexisting lung diseases.

Diagnosis
Clinical presentation

PCP classically presents with fever, cough, and dyspnea,
which are not specific to PCP. Compared with PCP in HIV-
infected patients, PCP in non-HIV population usually
develops more rapidly and causes more severe oxygenation
impairment. Physical examination is nonspecific, and the
pulmonary auscultation is often normal, even in the pres-
ence of significant hypoxemia [2].

Microbiological diagnosis

Because Pneumocystis cannot readily be cultured in the
laboratory, the microscopic demonstration of the organisms
in respiratory specimens has been the gold standard for
the diagnosis of PCP [2, 4, 6]. Cysts can be stained with
Grocott—-Gomori methenamine-silver, which has good
specificity, but its sensitivity is not satisfactory. Because
the trophic forms predominate over the cyst forms, Giemsa
and Diff-Quik staining of the trophic forms is supposed to
have high sensitivity, but it is not consistent, depending
upon the skill and experience of the observer.

In non-HIV patients, bronchoscopic procedures for the
diagnosis of PCP are often difficult because of rapidly
progressive respiratory insufficiency [5, 8]. In addition,
PCP patients without HIV infection have a lower burden of
Pneumocystis than those with AIDS, which leads to diffi-
culty in detecting the organisms by microscopic observa-
tion [5]. PCR has 94-100 % sensitivity and 79-96 %
specificity for the diagnosis of microscopically positive
PCP [72-75]. Because of its high sensitivity, PCR is
increasingly used for the microbiological diagnosis of PCP.
Although BAL fluid is the optimal specimen for PCR
analysis, induced sputum has been shown to be acceptable.
Moreover, recent investigation has shown that Pneumo-
cystis DNA can be detected by PCR in oropharyngeal
washes and nasopharyngeal aspirates [5, 8].
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Nested or conventional PCR, which uses PCR primers
for the gene for Pneumocystis mitochondrial large-subunit
ribosomal RNA, is a technically established method that is
widely used in clinical practice [76]. Because PCR is
known to often produce false-positive results, partly
because of Pneumocystis colonization in elderly patients,
especially those with COPD and other chronic lung dis-
eases, a positive PCR of P. jirovecii does not always mean
the infection or PCP [77]. In patients with positive PCR
results in BAL fluid or sputum but with negative smears,
clinical management of the disease remains a challenge
[2]. Azoulay and colleagues [78] described that, among
immunocompromised patients with lung infiltrates and
positive PCR results, positive and negative predictive
values were 51.5 % and 98.7 %, respectively. Considering
the disease severity, positive PCR results in immunocom-
promised patients with hypoxemia and typical radiologic
findings could be sufficient to start treatment of PCP. As
PCR shows a high negative predictive value, negative PCR
results allow for withdrawal of anti-Preumocystis therapy
[78].

Quantitative real-time PCR assays have been reported to
be more promising for the diagnosis of PCP than conven-
tional PCR assays that lack specificity in distinguishing the
disease from colonization [79, 80]. Flori and coworkers
[72] compared the sensitivity and specificity of standard
staining, conventional PCR, and real-time PCR using 173
BAL fluid specimens from 150 patients (19 HIV-infected
and 131 non-HIV patients). They found that the sensitivity
and specificity of the techniques were 60 % and 100 % for
staining, 100 % and 87.0 % for conventional PCR, and
100 % and 84.9 % for real-time PCR, respectively [72].
Matsumura and coworkers described that the sensitivity
and specificity for discriminating definite PCP from colo-
nization were 100 % and 80.0 %, respectively, at a cutoff
value of 1,300 copies/ml; the values for discriminating
probable PCP from colonization were 66.7 % and 73.3 %,
respectively, at a cutoff value of 340 copies/ml [81].
Although real-time PCR displayed high accuracy for dis-
criminating colonization from PCP, the DNA sequences
targeted for PCR and the cutoff values used in these assays
have not been standardized.

Serological diagnosis

Because BAL is often difficult for patients with respiratory
failure, serological diagnoses of PCP have been investi-
gated. (1 — 3)-f-p-glucan (f-p-glucan) is derived from the
cell wall of several fungi including Prneumocystis [82]. The
p-p-glucan assay was originally developed in Japan for
diagnosis of deep-seated mycosis and has been best studied
for Candida and Aspergillus spp. [82]. Although it is
not specific for Pneumocystis, measurement of serum
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p-pD-glucan level has been used for the diagnosis of PCP
[83-86]. There remain, however, a couple of issues to be
solved [83]. First, at least four different methods of mea-
surement are commercially available, and they are not
always compatible with each other [82]. Fungitec G-Test
MK, a kinetic chromogenic assay using the serum of Tac-
hypleus tridentatus as the lysate, and f-pD-glucan Test
Wako, an endpoint chromogenic assay using the serum of 7.
tridentatus as the lysate, are widely used in Japan. When the
same sample is assayed, the former method usually pro-
duces a higher value than the latter. In Western countries,
Fungitell, a kinetic chromogenic assay using the serum of
Limulus polyphemus as the lysate, is widely used. Second,
false-positive results caused by a number of factors, such
as the administration of immunoglobulin, bacteremia,
hemodialysis, surgical gauze exposure, and certain antibi-
otics, are known. Third, the cutoff value for the diagnosis of
PCP still remains to be determined. In a retrospective case—
control study of 295 patients with suspected PCP who had
microscopy of BAL fluid for PCP and serum f-p-glucan
assay with f-p-glucan Test Wako, Tasaka and colleagues
found a cutoff value of 31.1 pg/ml with a sensitivity of
92 % and a specificity of 86 % for detecting PCP [85]. On
the other hand, Watanabe and coworkers evaluated the
diagnostic value of the assay in 111 patients with AIDS and
described a cutoff value of 23.2 pg/ml with a sensitivity of
96.4 % and a specificity of 87.8 % [86]. de Boer and col-
leagues [87] assessed the diagnostic accuracy in 31 non-
HIV immunocompromised patients who were suspected of
having PCP based on the clinical presentation and chest
imaging. They showed that ff-p-glucan measured by Fun-
gitell was a reliable indicator for PCP with a sensitivity of
0.90 and specificity of 0.89 at the 60 pg/ml cutoff level [87].
Because a meta-analysis revealed a high sensitivity for PCP
[83], the f-p-glucan assay could be useful at least for the
screening of the disease. It remains controversial whether or
how serum f-D-glucan assay is utilized for the assessment
of treatment response or the prediction of the outcome of
PCP [13, 87, 88].

Although elevated levels of serum lactate dehydroge-
nase (LDH) and KL-6 and lower levels of plasma
S-adenosylmethionine were noted in patients with PCP, the
diagnostic significance of these markers has been shown to
be inferior to that of f-p-glucan [85, 87, 89, 90]. Because
this field has been intensely investigated, a standard for the
serological diagnosis of PCP will be established in the near
future.

Radiologic presentation
On chest radiographs, PCP typically presents with bilateral

or diffuse GGO. The chest radiograph is sometimes
normal. High-resolution computed tomography (HRCT)
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typically shows diffuse GGO with patchy distribution.
In some patients with PCP, GGO is distributed in the
subpleural lung parenchyma, whereas peripheral sparing of
GGO occurs in others [91, 92].

Differences in the radiological characteristics of PCP in
patients with various underlying disorders had not been
intensively investigated until Tokuda and colleagues
reported the imaging features of PCP in patients with RA
and PCP in HIV-infected patients [63]. In half the RA
patients with PCP, HRCT revealed diffuse GGO distrib-
uted in a panlobular manner; that is, GGO was sharply
demarcated from the adjacent normal lung by interlobular
septa (Fig. 1a). The other half of the RA patients with PCP
presented diffuse GGO without sharp demarcation, which
is characteristic of PCP in HIV-infected patients (Fig. 1b)
[63]. In contrast, diffuse GGO distributed in a panlobular
manner was rarely observed in PCP patients who received
a biological agent for RA [68]. This difference in the
HRCT patterns may result from difference in the host
immune response.

PCP in patients with hematological malignancies is
characterized by GGO with patchy consolidation along the
bronchovascular bundle on HRCT (Fig. 1c) [93]. Although
cystic lesions were observed in similar percentages for both
patients with HIV infection and those with malignancies
(Fig. 1d) [93], other investigators described that cyst for-
mation is a characteristic CT finding of PCP in AIDS
patients [94]. This discrepancy might be because only
limited data are available for the CT findings of PCP in
patients with malignancies.

Treatment

Because of the high efficacy and the availability of oral and
parenteral forms, TMP-SMX is the first-line agent for the
treatment of mild to severe PCP in both HIV-infected and
non-HIV patients [2, 4, 8, 95]. This therapy, however, is
often complicated with adverse events, which include
hepatotoxicity, nephrotoxicity, bone marrow depression,
and skin rash, that sometimes become an obstacle to the
completion of the treatment. The recommended daily dose
is trimethoprim 15-20 mg/kg plus sulfamethoxazole
75-100 mg/kg [95]. Because this dose recommendation is
not based on a randomized controlled trial, the optimal
dose of TMP-SMX remains unclear. A retrospective
investigation by Thomas and colleagues revealed a good
outcome with trimethoprim 10 mg/kg/day plus sulfameth-
oxazole 50 mg/kg/day for PCP in HIV-infected patients
[96]. Kameda and coworkers reported that 67 % of the
rheumatic patients treated with TMP-SMX experienced
adverse events, such as gastrointestinal and hematological
disorders, and 38 % could not complete the treatment [68].
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Fig. 1 High-resolution computed tomography findings of Pneumo-
cystis jirovecii pneumonia (PCP). a PCP in a patient with rheumatoid
arthritis receiving methotrexate therapy. Diffuse ground-glass opacity
(GGO) is distributed in a panlobular manner, in which GGO is
sharply demarcated from the adjacent lung by interlobular septa.
b PCP in a patient with human immunodeficiency virus (HIV)
infection. Diffuse GGO is distributed in an inhomogeneous manner

In their case series, the clinical outcome was favorable with
only 4 % of mortality, suggesting that a reduced dose of
TMP-SMX may be sufficient for PCP in RA patients who
were treated with a biological agent.

Intravenous pentamidine is the most studied drug as an
alternative to TMP-SMX. Although pentamidine is about
as effective as TMP-SMX, the incidence of adverse events,
such as nephrotoxicity and dysglycemia, during treatment
with pentamidine is even higher compared to TMP-SMX.
Atovaquone, which is less effective but better tolerated
than TMP-SMX, is as effective as pentamidine. Clinda-
mycin-primaquine is the salvage regimen of choice for
those patients who fail standard therapy with TMP-SMX or
pentamidine [8, 10, 97].

Putative TMP-SMX drug resistance is an emerging
concern. Because this drug is widely used not only for
treatment but also for prophylaxis, the emergence of drug
resistance is anticipated. The inability to culture Preumo-
cystis in a standardized culture system prevents routine
susceptibility testing and detection of drug resistance. In
other microorganisms, sulfa drug resistance has resulted
from specific point mutations in the dihydropteroate syn-
thase (DHPS) gene. Similar mutations have been observed
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without sharp demarcation. Subpleural sparing is also indicated.
¢ PCP in a patient with malignant lymphoma. Among GGO, patchy
consolidation is located along the bronchovascular bundle. d PCP in a
cancer patient who was receiving chemotherapy and high-dose
corticosteroid. Cysts are observed within the affected area, suggesting
that they were formed by PCP

in P. jirovecii, and its association with prior sulfa pro-
phylaxis failure has been reported [98]. Prevalence of these
mutations has been increasing to as high as 81 % [99],
although there have been no data showing significant
association between the DHPS gene mutations and treat-
ment failure [4, 8].

The recommended duration of treatment is 21 days in
HIV-infected patients and 14 days in non-HIV immuno-
compromised hosts. Recommendation for longer treatment
in HIV-infected patients is based on the higher organism
burden and slower clinical response, which may result in a
higher risk of relapse after only 14 days of treatment. In
non-HIV patients, extended treatment should be considered
in case of severe immunosuppression, high organism bur-
den, or prolonged clinical improvement [4, 8].

In the guidelines, the addition of corticosteroids is rec-
ommended for HIV-infected patients with PCP [95].
Adjunctive corticosteroid therapy is advocated for PCP
patients with arterial oxygen pressure less than 70 mmHg
because it could attenuate lung injury by blunting the
inflammatory response initiated by the degradation and
clearance of the organisms [95]. A systematic review showed
a significant mortality-risk reduction with adjunctive
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corticosteroids in HIV-infected patients with PCP when
substantial hypoxemia exists [100]. In the non-HIV popu-
lation, however, there have been no randomized studies on
the use of adjunctive corticosteroids for PCP. Only a few
retrospective studies have examined this matter [101-103].
Pareja and colleagues found that non-HIV patients with
severe PCP who received 60 mg or more of prednisone
daily demonstrated favorable outcomes compared to those
maintained on a low-dose corticosteroid regimen [101].
They concluded that high-dose adjunctive corticosteroids
might accelerate recovery in cases of severe PCP in adult
non-HIV patients [101]. In another retrospective study,
Korean investigators evaluated the outcomes of 88 non-
HIV patients with moderate-to-severe PCP, comparing 59
patients with adjunctive corticosteroid use and 29 without
[102]. As the survival analysis did not reveal any difference
between the two groups, they concluded that adjunctive
corticosteroid use might not improve the outcomes of
moderate-to-severe PCP in non-HIV patients [102]. These
diverse results may result from the heterogeneous back-
ground of the non-HIV subjects examined. Adjunctive
corticosteroid use for PCP in a non-HIV patient should be

considered after taking the background of the patient into
account.

Prophylaxis

Despite intensive treatment, the mortality of PCP remains
high, which is the rationale for chemoprophylaxis. As
already mentioned, there have been guidelines for pro-
phylaxis against PCP for patients with hematological dis-
eases and solid tumors and recipients of HSCT and solid
organ transplantation [47, 104-106]. Although these
guidelines are not based on a randomized controlled trial,
they have been contributing to effective prophylaxis
(Table 2). For immunocompromised patients with other
underlying diseases, the indication and dosage for pro-
phylaxis should be considered carefully, taking into
account hepatotoxicity, bone marrow depression, and other
side effects of TMP-SMX [107].

In renal transplant recipients, PCP prophylaxis is rec-
ommended, although its duration varies among the guide-
lines, with a range of 3-12 months after transplantation

Table 2 Proposed indications for chemoprophylaxis against Pneumocystis pneumonia

General patients

Prednisone at least 20 mg for >4 weeks if patient has underlying immunosuppressive disorder or COPD [12, 107]

Cancer

Receiving corticosteroids [47]

Alemtuzumab during and for at least 2 months after treatment and CD4 >200 cells/ml [47]

Temozolomide and radiation therapy and until CD4 is >200 cells/ml [47]
Fludarabine and T-cell-depleting agent (e.g., cladribine) until CD4 >200 cells/ml [47]

All patients while receiving anti-leukemic therapy [47]

Connective tissue diseases

Wegener’s granulomatosis treated with cyclophosphamide, especially if also receiving corticosteroids [55, 56]

Primary systemic vasculitis treated with corticosteroids and steroid-sparing agent (e.g., methotrexate) [113]

ANCA-associated vasculitis treated with cyclophosphamide and corticosteroids [114]

Rheumatoid arthritis treated with TNF-o inhibitors especially if on corticosteroids or other intensive immunosuppression [66]

Connective tissue diseases treated with prednisolone >20 mg per day or equivalent doses of corticosteroid for more than 2 weeks [111]

Hematopoietic stem cell transplantation

Allogeneic stem cell recipients for at least 180 days [47]

Autologous peripheral blood stem cell transplant recipients for 3-6 months after transplant [47]

All recipients for 6 months [104]

Recipients receiving immunosuppressive therapy or with chronic graft-versus-host disease (GVHD) for >6 months or the duration of

immunosuppression [104]

Solid organ transplantation

Solid organ transplant recipients for at least 6-12 months after transplant [106]

Renal transplant recipients for a minimum of 4 months after transplantation [108]

Renal transplant recipients for 3—-6 months after transplantation and at least 6 weeks during and after treatment for acute rejection [107]

Inflammatory bowel disease

Patients receiving TNF-« inhibitors especially if on corticosteroids or other intensive immunosuppression [70]

COPD chronic obstructive pulmonary disease, ANCA anti-neutrophil cytoplasmic antibodies, TNF-o tumor necrosis factor-alpha

34

@ Springer



802

J Infect Chemother (2012) 18:793-806

[108]. The mortality rate from PCP among renal transplant
recipients was reported to be 5-33 % in the absence of
prophylaxis [109]. From a survey of the United States renal
transplant centers, 84 % of the centers use PCP prophy-
laxis. The incidence of PCP has been markedly reduced
with TMP-SMX prophylaxis to <1 % in renal transplant
recipients [109, 110]. However, occurrence of PCP even
10 years or more after transplantation has been docu-
mented [22] and, thus, lifelong prophylaxis is advocated
for high-risk patients. To prevent an outbreak, when a
single case of PCP occurs, 6 months of prophylaxis with
TMP-SMX may be worth considering for all the recipients
who shared the waiting space of the outpatient clinic [107].

PCP prophylaxis has been recommended in patients with
Wegener’s granulomatosis because of the high incidence of
PCP among the patients [55]. Although there are no pub-
lished guidelines, PCP prophylaxis should be initiated in
patients with SLE or PM/DM who receive considerable
immunosuppressive treatment. In high-risk patients with
connective tissue diseases other than RA, TMP-SMX was
used effectively as a primary prophylaxis against PCP and
associated only with mild side effects, suggesting that the
prophylaxis is reasonable [111-114].

Although PCP in patients with RA has become a critical
issue, there is no explicit guideline for the prophylaxis.
Komano and colleagues reported that the development of
PCP in patients with RA treated with infliximab was best
predicted by age (>65 years), dosage of prednisolone
(=6 mg/day), and pulmonary comorbidities [66]. Because
patients with two or three of the foregoing risk factors
developed PCP more frequently than those with only one
or none, they recommended that prophylaxis should begin
in patients with two or three risk factors [66]. However,
Green and coworkers described that, balanced against the
serious adverse events that required discontinuation
occurred in 3.1 %, PCP prophylaxis in non-HIV population
is warranted when the risk for PCP is estimated to be
higher than 3.5 % [48]. Because the risk for PCP in
patients with RA has been estimated to be less than 0.5 %
in Japan, the indication for prophylaxis should be consid-
ered carefully. Thomas and Limper suggested that RA
patients treated with MTX only, MTX plus corticosteroids,
or TNF-a antagonists only, should not be the subjects of
chemoprophylaxis [115]. Prophylaxis should be limited to
those receiving considerable immunosuppressive therapies,
such as a TNF-a antagonist plus high-dose corticosteroid.

TMP-SMX is the first-choice prophylaxis in HIV-
infected and in non-HIV immunocompromised hosts. The
dosage usually recommended is one tablet (80 mg TMP
and 400 mg SMX) daily or two tablets three times per
week. A meta-analysis showed no difference in the rate
of PCP infections after daily versus three-times-weekly
prophylaxis [33]. Chemoprophylaxis is usually continued
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throughout the period of immunosuppression or so long as
the risk lasts. Duration of the prophylaxis should be deci-
ded in a patient-based manner. In patients with RA or renal
transplant recipients, a shorter period of prophylaxis may
be sufficient [33, 116].

Prognosis

Mortality in non-HIV patients with PCP is 30-60 %,
whereas the mortality rate ranges from 10 % to 20 %
during the initial episode of PCP in HIV-infected patients
[2]. In non-HIV patients, mortality depends on the popu-
lation at risk, with a greater risk of death among patients
with cancer than among patients undergoing transplanta-
tion or those with connective tissue disease [12, 13, 101].
In addition, multivariate analyses revealed that low serum
albumin levels and mechanical ventilation were indepen-
dent predictors of mortality, which indicates that poorer
general and respiratory conditions at diagnosis are associ-
ated with poor outcome of the patient [88, 117].

Summary

There still remain many clinical issues regarding PCP in
the non-HIV population. For example, it is controversial
how to utilize PCR for the diagnosis, how to use serum
f-p-glucan testing as a diagnostic aid, and how and when to
use adjunctive corticosteroids. Further efforts by investi-
gators are warranted for better management of the disease.

References

1. Kovacs JA, Masur H. Evolving health effects of Prneumocystis:
one hundred years of progress in diagnosis and treatment.
JAMA. 2009;301:2578-85.

2. Thomas CF, Limper AH. Pneumocystis pneumonia. N Engl J
Med. 2004;350:2487-98.

3. Thomas CF Jr, Limper AH. Current insights into the biology and
pathogenesis of Pneumocystis pneumonia. Nat Rev Microbiol.
2007;5:298-308.

. Catherinot E, Lanternier F, Bougnoux ME, Lecuit M, Couderc
LJ, Lortholary O. Pneumocystis jirovecii Pneumonia. Infect Dis
Clin North Am. 2010;24:107-38.

5. Reid AB, Chen SC, Worth LJ. Pneumocystis jirovecii pneu-
monia in non-HIV-infected patients: new risks and diagnostic
tools. Curr Opin Infect Dis. 2011;24:534-44.

6. Beck JM, Cushion MT. Pneumocystis workshop: 10th anniver-
sary summary. Eukaryot Cell. 2009;8:446-60.

7. Huang L, Morris A, Limper AH, Beck JM. An official ATS
workshop summary: recent advances and future directions in
Pneumocystis pneumonia. Proc Am Thorac Soc. 2006;3:655-64.

8. Carmona EM, Limper AH. Update on the diagnosis and treat-
ment of Pneumocystis pneumonia. Ther Adv Respir Dis. 2011;5:
41-59.



J Infect Chemother (2012) 18:793-806

803

9.

12.

14.

18.

20.

21.

22.

24.

25.

26.

27.

Kovacs JA, Hiemenz JW, Macher AM, Stover D, Murray HW,
Shelhamer J, et al. Pneumocystis carinii pneumonia: a comparison
between patients with the acquired immunodeficiency syndrome
and patients with other immunodeficiencies. Ann Intern Med.
1984;100:663-71.

. Calder6n EJ, Gutiérrez-Rivero S, Durand-Joly I, Dei-Cas E.

Pneumocystis infection in humans: diagnosis and treatment.
Expert Rev Anti Infect Ther. 2010;8:683-701.

. Limper AH, Offord KP, Smith TF, Martin WJ 2nd. Pnreumo-

cystis carinii pneumonia. Differences in lung parasite number
and inflammation in patients with and without AIDS. Am Rev
Respir Dis. 1989;140:1204-9.

Yale SH, Limper AH. Pneumocystis carinii pneumonia in
patients without acquired immunodeficiency syndrome. Mayo
Clin Proc. 1996;71:5-13.

. Roblot F, Godet C, Le Moal G, Garo B. Faouzi Souala M, Dary

M, et al. Analysis of underlying diseases and prognosis factors
associated with Preumocystis carinii pneumonia in immuno-
compromised HIV-negative patients. Eur J Clin Microbiol Infect
Dis. 2002;21:523-31.

Takeuchi T, Kameda H. The Japanese experience with biologic
therapies for rheumatoid arthritis. Nat Rev Rheumatol. 2010;6:
644-52.

. FDA arthritis advisory committee. Safety update on TNF-«

antagonists: infliximab and etanercept. http://www.fda.gov/
ohrms/dockets/ac/01/briefing/3779b2_01_cber_safety%20_revision
2.pdf. (online).

. Stringer JR, Beard CB, Miller RF, Wakefield AE. A new name

(Pneumocystis jiroveci) for Pneumocystis from humans. Emerg
Infect Dis. 2002;8:891.

. Pifer LL, Hughes WT, Stagno S, Woods D. Pneumocystis

carinii infection: evidence for high prevalence in normal and
immunosuppressed children. Pediatrics. 1978;61:35-41.
Peglow SL, Smulian AG, Linke MJ, Pogue CL, Nurre S, Crisler
J, et al. Serologic responses to Pneumocystis carinii antigens in
health and disease. J Infect Dis. 1990;161:296-306.

. Huang L, Crothers K, Morris A, Groner G, Fox M, Turner JR,

et al. Pneumocystis colonization in HIV-infected patients.
J Eukaryot Microbiol. 2003;50(Suppl):616-7.

Nevez G, Raccurt C, Jounieaux V, Dei-Cas E, Mazars E. Pneu-
mocystosis versus pulmonary Pneumocystis carinii colonization in
HIV-negative and HIV-positive patients. AIDS. 1999;13:535-6.
Medrano FJ, Montes-Cano M, Conde M, de la Horra C,
Respaldiza N, Calderon EJ, et al. Pneumocystis jirovecii in
general population. Emerg Infect Dis. 2005;11:245-50.

Yazaki H, Goto N, Uchida K, Kobayashi T, Gatanaga H, Oka S.
Outbreak of Pneumocystis jiroveci pneumonia in renal trans-
plant recipients: P. jiroveci is contagious to the susceptible host.
Transplantation. 2009;88:380-5.

. Morris A, Wei K, Afshar K, Huang L. Epidemiology and clinical

significance of Pneumocystis colonization. J Infect Dis. 2008;197:
10-7.

Mekinian A, Durand-Joly I, Hatron PY, Moranne O, Denis G,
Queyrel V. Pneumocystis jirovecii colonization in patients with
systemic autoimmune diseases: prevalence, risk factors of col-
onization and outcome. Rheumatology. 2011;50:569-77.
Wissmann G, Morilla R, Martin-Garrido I, Friaza V, Respaldiza N,
Calderén EJ, et al. Pneumocystis jirovecii colonization in patients
treated with infliximab. Eur J Clin Invest. 2011;41:343-8.
Durand-Joly I, Soula F, Chabé M, Dalle JH, Lafitte JJ, Dei-Cas
E, et al. Long-term colonization with Pneumocystis jirovecii in
hospital staffs: a challenge to prevent nosocomial pneumocys-
tosis. J Eukaryot Microbiol. 2003;50(Suppl):614-45.

Ponce CA, Gallo M, Bustamante R, Vargas SL. Pneumocystis
colonization is highly prevalent in the autopsied lungs of the
general population. Clin Infect Dis. 2010;50:347-53.

36

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Manoloff ES, Francioli P, Taffé P, Van Melle G, Bille J, Hauser
PM. Risk for Pneumocystis carinii transmission among patients
with pneumonia: a molecular epidemiology study. Emerg Infect
Dis. 2003;9:132-4.

Chen W, Gigliotti F, Harmsen AG. Latency is not an inevitable
outcome of infection with Prneumocystis carinii. Infect Immun.
1993;61:5406-9.

Morris A, Beard CB, Huang L. Update on the epidemiology and
transmission of Pneumocystis carinii. Microbes Infect. 2002;4:
95-103.

Helweg-Larsen J, Lee CH, Jin S, Hsueh JY, Benfield TL,
Hansen J, et al. Clinical correlation of variations in the internal
transcribed spacer regions of rRNA genes in Preumocystis
carinii f.sp. hominis. AIDS. 2001;15:451-9.

Keely SP, Stringer JR. Sequences of Pneumocystis carinii f. sp.
hominis strains associated with recurrent pneumonia vary at
multiple loci. J Clin Microbiol. 1997;35:2745-7.

Mori S, Cho I, Sugimoto M. A followup study of asymptomatic
carriers of Pneumocystis jiroveci during immunosuppressive
therapy for rheumatoid arthritis. J Rheumatol. 2009;36:1600-5.
Gigliotti F, Wright TW. Immunopathogenesis of Pneumosystis
carinii pneumonia. Expert Rev Mol Med. 2005;7:1-16.

Kelly MN, Shellito JE. Current understanding of Pneumocystis
immunology. Future Microbiol. 2010;5:43-65.

Limper AH, Hoyte JS, Standing JE. The role of alveolar mac-
rophages in Pneumocystis carinii degradation and clearance
from the lung. J Clin Invest. 1997;99:2110-7.

Vassallo R, Standing JE, Limper AH. Isolated Pneumocystis
carinii cell wall glucan provokes lower respiratory tract
inflammatory responses. J Immunol. 2000;164:3755-63.
Benfield TL, Vestbo J, Junge J, Nielsen TL, Jensen AB,
Lundgren JD. Prognostic value of interleukin-8 in AIDS-asso-
ciated Pneumocystis carinii pneumonia. Am J Respir Crit Care
Med. 1995;151:1058-62.

Tasaka S, Kobayashi S, Kamata H, Kimizuka Y, Fujiwara H,
Funatsu Y, et al. Cytokine profiles of bronchoalveolar lavage
fluid in patients with Pnreumocystis pneumonia. Microbiol
Immunol. 2010;54:425-33.

Roths JB, Marshall JD, Allen RD, Carlson GA, Sidman CL.
Spontaneous Pneumocystis carinii pneumonia in immunodefi-
cient mutant scid mice. Natural history and pathobiology. Am J
Pathol. 1990;136:1173-86.

Enomoto T, Azuma A, Kohno A, Kaneko K, Saito H, Kametaka
M, et al. Differences in the clinical characteristics of Pneumo-
cystis jirovecii pneumonia in immunocompromized patients
with and without HIV infection. Respirology. 2010;15:126-31.
Torres HA, Chemaly RF, Storey R, Aguilera EA, Nogueras GM,
Safdar A, et al. Influence of type of cancer and hematopoietic
stem cell transplantation on clinical presentation of Preumo-
cystis jiroveci pneumonia in cancer patients. Eur J Clin Micro-
biol Infect Dis. 2006;25:382-8.

Sepkowitz KA, Brown AE, Telzak EE, Gottlieb S, Armstrong D.
Pneumocystis carinii pneumonia among patients without AIDS
at a cancer hospital. JAMA. 1992;267:832-7.

Bollée G, Sarfati C, Thiéry G, Bergeron A, de Miranda S,
Azoulay E, et al. Clinical picture of Pneumocystis jiroveci
pneumonia in cancer patients. Chest. 2007;132:1305-10.
Gea-Banacloche JC. Rituximab-associated infections.
Hematol. 2010;47:187-98.

Sillaber C, Herrmann H, Bennett K, Rix U, Baumgartner C,
Bohm A, et al. Immunosuppression and atypical infections in
CML patients treated with dasatinib at 140 mg daily. Eur J Clin
Invest. 2009;39:1098-109.

Segal BH, Freifeld AG, Baden LR, Brown AE, Casper C,
Dubberke E, et al. Prevention and treatment of cancer-related
infections. J Natl Compr Canc Netw. 2008;6:122-74.

Semin

@ Springer



804

J Infect Chemother (2012) 18:793-806

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Green H, Paul M, Vidal L, Leibovici L. Prophylaxis of Pneu-
mocystis pneumonia in immunocompromised non-HIV-infected
patients: systematic review and meta-analysis of randomized
controlled trials. Mayo Clin Proc. 2007;82:1052-9.

Barbounis V, Aperis G, Gambletsas E, Koumakis G, Demiris M,
Vassilomanolakis M, et al. Pneumocystis carinii pneumonia in
patients with solid tumors and lymphomas: predisposing factors
and outcome. Anticancer Res. 2005;25:651-5.

Sepkowitz KA, Brown AE, Armstrong D. Pneumocystis carinii
pneumonia without acquired immunodeficiency syndrome.
More patients, same risk. Arch Intern Med. 1995;155:1125-8.
de Boer MG, Bruijnesteijn van Coppenraet LE, Gaasbeek A,
et al. An outbreak of Pneumocystis jiroveci pneumonia with 1
predominant genotype among renal transplant recipients: inter-
human transmission or a common environmental source? Clin
Infect Dis. 2007;44:1143-9.

Schmoldt S, Schuhegger R, Wendler T, Huber I, Sollner H,
Hogardt M, et al. Molecular evidence of nosocomial Preumo-
cystis jirovecii transmission among 16 patients after kidney
transplantation. J Clin Microbiol. 2008;46:966-71.

Radisic M, Lattes R, Chapman JF, et al. Risk factors for
Pneumocystis carinii pneumonia in kidney transplant recipients:
a case—control study. Transpl Infect Dis. 2003;5:84-93.

De Castro N, Xu F, Porcher R, Pavie J, Molina JM, Peraldi MN.
Pneumocystis jirovecii pneumonia in renal transplant recipients
occurring after discontinuation of prophylaxis: a case—control
study. Clin Microbiol Infect. 2010;16:1375-7.

Ognibene FP, Shelhamer JH, Hoffman GS, Kerr GS, Reda D,
Fauci AS, et al. Pneumocystis carinii pneumonia: a major
complication of immunosuppressive therapy in patients with
Wegener’s granulomatosis. Am J Respir Crit Care Med. 1995;
151:795-9.

Godeau B, Mainardi JL, Roudot-Thoraval F, Hachulla E,
Guillevin L, Du Huong LT, et al. Factors associated with
Pneumocystis carinii pneumonia in Wegener’s granulomatosis.
Ann Rheum Dis. 1995;54:991-4.

Tasaka S, Hasegawa N, Yamada W, Saito F, Nishimura T,
Ishizaka A. Clinical features of Pneumocystis pneumonia in
patients with systemic lupus erythematosus. Nihon Kokyuki
Gakkai Zasshi 2006;44:613-619 (in Japanese).

Godeau B, Coutant-Perronne V, Le Thi Huong D, Guillevin L,
Magadur G, De Bandt M, et al. Pneumocystis carinii pneumonia
in the course of connective tissue disease: report of 34 cases.
J Rheumatol. 1994;21:246-51.

Ward MM, Donald F. Pneumocystis carinii pneumonia in
patients with connective tissue diseases: the role of hospital
experience in diagnosis and mortality. Arthritis Rheum. 1999;42:
780-9.

Bachelez H, Schremmer B, Cadranel J, Mouly F, Sarfati C,
Agbalika F, et al. Fulminant Pneumocystis carinii pneumonia in
4 patients with dermatomyositis. Arch Intern Med. 1997;157:
1501-3.

Phair J, Mundz A, Detels R, Kaslow R, Rinaldo C, Saah A. The
risk of Pneumocystis carinii pneumonia among men infected
with human immunodeficiency virus type 1. Multicenter AIDS
Cohort Study Group. N Engl J Med. 1990;322:161-5.

Wollner A, Mohle-Boetani J, Lambert RE, Perruquet JL, Raffin
TA, McGuire JL. Pneumocystis carinii pneumonia complicating
low dose methotrexate treatment for rheumatoid arthritis. Tho-
rax. 1991;46:205-7.

Tokuda H, Sakai F, Yamada H, Johkoh T, Imamura A, Dohi M,
et al. Clinical and radiological features of Pneumocystis
pneumonia in patients with rheumatoid arthritis, in comparison
with methotrexate pneumonitis and Pneumocystis pneumonia
in acquired immunodeficiency syndrome. A multicenter study.
Intern Med. 2008;47:915-23.

@ Springer

37

64.

65.

66.

67.

68.

69.

70.

7

72.

73.

74.

75.

76.

71.

78.

79.

80.

Takeuchi T, Tatsuki Y, Nogami Y, Ishiguro N, Tanaka Y,
Yamanaka H, et al. Postmarketing surveillance of the safety
profile of infliximab in 5000 Japanese patients with rheumatoid
arthritis. Ann Rheum Dis. 2008;67:189-94.

Louie GH, Wang Z, Ward MM. Trends in hospitalizations for
Pneumocystis jiroveci pneumonia among patients with rheu-
matoid arthritis in the US: 1996-2007. Arthritis Rheum. 2010;
62:3826-7.

Komano Y, Harigai M, Koike R, et al. Pneumocystis jiroveci
pneumonia in patients with rheumatoid arthritis treated with
infliximab: a retrospective review and case-control study of 21
patients. Arthritis Rheum. 2009;61:305-12.

Koike T, Harigai M, Inokuma S, Inoue K, Ishiguro N, Ryu J,
et al. Postmarketing surveillance of the safety and effectiveness
of etanercept in Japan. J] Rheumatol. 2009;6:898-906.

Kameda H, Tokuda H, Sakai F, Johkoh T, Mori S, Goto H, et al.
Clinical and radiological features of acute-onset diffuse inter-
stitial lung diseases in patients with rheumatoid arthritis
receiving treatment with biological agents: importance of
Pneumocystis pneumonia in Japan revealed by a multicenter
study. Intern Med. 2011;50:305-13.

Escher M, Stange EF, Herrlinger KR. Two cases of fatal
Pneumocystis jirovecii pneumonia as a complication of tacroli-
mus therapy in ulcerative colitis—a need for prophylaxis.
J Crohns Colitis. 2010;4:606-9.

Kaur N, Mahl TC. Pneumocystis jiroveci (carinii) pneumonia
after infliximab therapy: a review of 84 cases. Dig Dis Sci.
2007;52:1481-4.

. Itaba S, Iwasa T, Sadamoto Y, Nasu T, Misawa T, Inoue K, et al.

Pneumocystis pneumonia during combined therapy of inflix-
imab, corticosteroid, and azathioprine in a patient with Crohn’s
disease. Dig Dis Sci. 2007;52:1438—41.

Flori P, Bellete B, Durand F, Raberin H, Cazorla C, Hafid J,
et al. Comparison between real-time PCR, conventional PCR
and different staining techniques for diagnosing Preumocystis
Jjiroveci pneumonia from bronchoalveolar lavage specimens.
J Med Microbiol. 2004;53:603-7.

Caliendo AM, Hewitt PL, Allega JM, Keen A, Ruoff KL,
Ferraro MJ. Performance of a PCR assay for detection of
Pneumocystis carinii from respiratory specimens. J Clin
Microbiol. 1998;36:979-82.

Alvarez-Martinez MJ, Mir6 JM, Valls ME, Moreno A, Rivas
PV, Solé M, et al. Sensitivity and specificity of nested and real-
time PCR for the detection of Pneumocystis jiroveci in clinical
specimens. Diagn Microbiol Infect Dis. 2006;56:153-60.
Ribes JA, Limper AH, Espy MJ, Smith TF. PCR detection of
Pneumocystis carinii in bronchoalveolar lavage specimens:
analysis of sensitivity and specificity. J Clin Microbiol. 1997;35:
830-5.

Wakefield AE, Guiver L, Miller RF, Hopkin JM. DNA ampli-
fication on induced sputum samples for diagnosis of Pneumo-
cystis carinii pneumonia. Lancet. 1991;337:1378-9.

Maskell NA, Waine DJ, Lindley A, et al. Asymptomatic car-
riage of Pneumocystis jiroveci in subjects undergoing bron-
choscopy: a prospective study. Thorax. 2003;58:594-7.
Azoulay E, Bergeron A, Chevret S, et al. Polymerase chain
reaction for diagnosing Pnreumocystis pneumonia in non-HIV
immunocompromised patients with pulmonary infiltrates. Chest.
2009;135:655-61.

Huggett JF, Taylor MS, Kocjan G, Evans HE, Morris-Jones S,
Gant V, et al. Development and evaluation of a real-time PCR
assay for detection of Pneumocystis jirovecii DNA in broncho-
alveolar lavage fluid of HIV-infected patients. Thorax.
2008;63:154-9.

Fujisawa T, Suda T, Matsuda H, Inui N, Nakamura Y, Sato J,
et al. Real-time PCR is more specific than conventional PCR for



J Infect Chemother (2012) 18:793-806

805

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

induced sputum diagnosis of Pneumocystis pneumonia in
immunocompromised patients without HIV infection. Respi-
rology. 2009;14:203-9.

Matsumura Y, Ito Y, linuma Y, Yasuma K, Yamamoto M,
Matsushima A, et al. Quantitative real-time PCR and the
(1 — 3)-p-p-glucan assay for differentiation between Pneumo-
cystis jirovecii pneumonia and colonization. Clin Microbiol
Infect. 2012;18:591-7.

Obayashi T, Negishi K, Suzuki T, Funata N. Reappraisal of the
serum (1 — 3)-f-p-glucan assay for the diagnosis of invasive
fungal infections: a study based on autopsy cases from 6 years.
Clin Infect Dis. 2008;46:1864-70.

Onishi A, Sugiyama D, Kogata Y, Saegusa J, Sugimoto K,
Kawano S, et al. Diagnostic accuracy of serum 1,3-f-p-glucan
for Pneumocystis jiroveci pneumonia, invasive candidiasis, and
invasive aspergillosis: systematic review and meta-analysis.
J Clin Microbiol. 2012;50:7-15.

Marty FM, Koo S, Bryar J, Baden LR. (1 — 3) Beta-p-glucan
assay positivity in patients with Prneumocystis (carinii) jiroveci
pneumonia. Ann Intern Med. 2007;147:70-2.

Tasaka S, Hasegawa N, Kobayashi S, et al. Serum indicators for
the diagnosis of Pneumocystis pneumonia. Chest. 2007;131:
1173-80.

Watanabe T, Yasuoka A, Tanuma J, et al. Serum (1 — 3) beta-
D-glucan as a noninvasive adjunct marker for the diagnosis of
Pneumocystis pneumonia in patients with AIDS. Clin Infect Dis.
2009;49:1128-31.

de Boer MG, Gelinck LB, van Zelst BD, van de Sande WW,
Willems LN, van Dissel JT, et al. f-p-Glucan and S-adenosyl-
methionine serum levels for the diagnosis of Pneumocystis
pneumonia in HIV-negative patients: a prospective study.
J Infect. 2011;62:93-100.

Koga M, Koibuchi T, Kikuchi T, Nakamura H, Miura T,
Iwamoto A, et al. Kinetics of serum f-p-glucan after Pneumo-
cystis pneumonia treatment in patients with AIDS. Intern Med.
2011;50:1397-401.

Quist J, Hill AR. Serum lactate dehydrogenase (LDH) in
Pneumocystis carinii pneumonia, tuberculosis, and bacterial
pneumonia. Chest. 1995;108:415-8.

Skelly M, Hoffman J, Fabbri M, Holzman RS, Clarkson AB Jr,
Merali S. S-adenosylmethionine concentrations in diagnosis of
Pneumocystis carinii pneumonia. Lancet. 2003;361:1267-8.
Kuhlman JE, Kavuru M, Fishman EK, Siegelman SS. Pneu-
mocystis carinii pneumonia: spectrum of parenchymal CT
findings. Radiology. 1990;175:711-4.

Fujii T, Nakamura T, Iwamoto A. Pneumocystis pneumonia in
patients with HIV infection: clinical manifestations, laboratory
findings, and radiological features. J Infect Chemother. 2007;13:
1-7.

Tasaka S, Tokuda H, Sakai F, Fujii T, Tateda K, Johkoh T, et al.
Comparison of clinical and radiological features of Preumo-
cystis pneumonia between malignancy cases and acquired
immunodeficiency syndrome cases: a multicenter study. Intern
Med. 2010;49:273-81.

Hardak E, Brook O, Yigla M. Radiological features of Pneu-
mocystis jirovecii pneumonia in immunocompromised patients
with and without AIDS. Lung. 2010;188:159-63.

Kaplan JE, Benson C, Holmes KH, Brooks JT, Pau A, Centers
for Disease Control and Prevention (CDC), National Institutes
of Health, HIV Medicine Association of the Infectious Diseases
Society of America. Guidelines for prevention and treatment of
opportunistic infections in HIV-infected adults and adolescents:
recommendations from CDC, the National Institutes of Health,
and the HIV Medicine Association of the Infectious Diseases
Society of America. MMWR Recomm Rep. 2009;58:1-207.

38

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Thomas M, Rupali P, Woodhouse A, Ellis-Pegler R. Good
outcome with trimethoprim 10 mg/kg/day-sulfamethoxazole
50 mg/kg/day for Pneumocystis jirovecii pneumonia in HIV
infected patients. Scand J Infect Dis. 2009;41:862-8.
Helweg-Larsen J, Benfield T, Atzori C, Miller RF. Clinical
efficacy of first- and second-line treatments for HIV-associated
Pneumocystis jirovecii pneumonia: a tri-centre cohort study.
J Antimicrob Chemother. 2009;64:1282-90.

Nahimana A, Rabodonirina M, Bille J, Francioli P, Hauser PM.
Mutations of Pnreumocystis jirovecii dihydrofolate reductase
associated with failure of prophylaxis. Antimicrob Agents
Chemother. 2004;48:4301-5.

Huang L, Cattamanchi A, Davis JL, den Boon S, Kovacs J, Masur
H, et al. International HIV-associated Opportunistic Pneumonias
(IHOP) Study; Lung HIV Study. HIV-associated Pneumocystis
pneumonia. Proc Am Thorac Soc. 2011;8:294-300.

Briel M, Boscacci R, Furrer H, Bucher HC. Adjunctive corti-
costeroids for Pneumocystis jiroveci pneumonia in patients with
HIV infection: a meta-analysis of randomised controlled trials.
BMC Infect Dis. 2005;5:101.

Pareja JG, Garland R, Koziel H. Use of adjunctive corticoste-
roids in severe adult non-HIV Pneumocystis carinii pneumonia.
Chest. 1998;113:1215-24.

Moon SM, Kim T, Sung H, Kim MN, Kim SH, Lee SO, et al.
Outcomes of moderate-to-severe Pneumocystis pneumonia
treated with adjunctive steroid in non-HIV-infected patients.
Antimicrob Agents Chemother. 2011;55:4613-8.

Delclaux C, Zahar JR, Amraoui G, Leleu G, Lebargy F,
Brochard L, et al. Corticosteroids as adjunctive therapy for
severe Pneumocystis carinii pneumonia in non-human immu-
nodeficiency virus infected patients: retrospective study of 31
patients. Clin Infect Dis. 1999;29:670-2.

Guidelines for preventing opportunistic infections among
hematopoietic stem cell transplant recipients. Centers for Dis-
ease Control and Prevention, Infectious Disease Society of
America, American Society of Blood and Marrow Transplan-
tation. MMWR Recomm Rep 2000;49(RR-10):25-26.

Kasiske BL, Zeier MG, Chapman JR, Craig JC, Ekberg H,
Garvey CA, et al. Kidney Disease: Improving Global Outcomes.
KDIGO clinical practice guideline for the care of kidney
transplant recipients: a summary. Kidney Int. 2010;77:299-311.
Martin SI, Fishman JA. Pneumocystis pneumonia in solid organ
transplant recipients. Am J Transpl. 2009;9:S227-33.
Sepkowitz KA. Pneumocystis carinii pneumonia without
acquired immunodeficiency syndrome: who should receive
prophylaxis? Mayo Clin Proc. 1996;71:102-3.

EBPG Expert Group on Renal Transplantation. European best
practice guidelines for renal transplantation. Section IV: Long-
term management of the transplant recipient. IV. 7.1 Late
infections. Pneumocystis carinii pneumonia. Nephrol Dial
Transpl. 2002;17:36-9.

Goto N, Oka S. Pneumocystis jirovecii pneumonia in kidney
transplantation. Transpl Infect Dis. 2011;13:551-8.

Thomas S, Vivancos R, Corless C, Wood G, Beeching NI,
Beadsworth MB. Increasing frequency of Prneumocystis jirovecii
pneumonia in renal transplant recipients in the United Kingdom:
clonal variability, clusters, and geographic location. Clin Infect
Dis. 2011;53:307-8.

Vananuvat P, Suwannalai P, Sungkanuparph S, Limsuwan T,
Ngamjanyaporn P, Janwityanujit S. Primary prophylaxis for
Pneumocystis jirovecii pneumonia in patients with connective
tissue diseases. Semin Arthritis Rheum. 2011;41:497-502.
Okada J, Kadoya A, Rana M, Ishikawa A, Iikuni Y, Kondo H.
Efficacy of sulfamethoxazole-trimethoprim administration in the
prevention of Pneumocystis carinii pneumonia in patients with

@ Springer



806

J Infect Chemother (2012) 18:793-806

113.

114.

115.

connective tissue disease. Kansenshogaku Zasshi. 1999;73:
1123-9.

Moosig F, Holle JU, Gross WL. Value of anti-infective che-
moprophylaxis in primary systemic vasculitis: what is the evi-
dence? Arthritis Res Ther. 2009;11:253.

Lapraik C, Watts R, Bacon P, Carruthers D, Chakravarty K,
D’Cruz D, et al. BSR and BHPR guidelines for the management
of adults with ANCA associated vasculitis. Rheumatology.
2007;46:1615-6.

Thomas CF, Limper AH. Treatment and prevention of Pneu-
mocystis carinii (P. jirovecii) pneumonia in non-HIV-infected

@ Springer

39

116.

117.

patients. http://www.uptodate.com/contents/. Accessed 20 Feb
2012.

Anand S, Samaniego M, Kaul DR. Pneumocystis jirovecii
pneumonia is rare in renal transplant recipients receiving only
one month of prophylaxis. Transpl Infect Dis. 2011;13:570—4.

Matsumura Y, Shindo Y, linuma Y, Yamamoto M, Shirano M,
Matsushima A, et al. Clinical characteristics of Pneumocystis
pneumonia in non-HIV patients and prognostic factors including
microbiological genotypes. BMC Infect Dis. 2011;11:76.



	110015
	110018
	110021
	110026

