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Background: Pneumocystis is difficult to culture or detect in laboratory environments.
Its ecology including the timing and method of transmission as well as environmental
sources and communicability remain unclear.
Methods: We retrospectively evaluated the pattern and treatment outcome of
Pneumocystis jirovecii pneumonia (PCP) in children with acute lymphoblastic leukemia
(ALL) who received chemotherapy.
Results: A total of 56 patients with ALL were evaluated. While on chemotherapy, all
patients received PCP prophylaxis. PCP were found in a total of 6 patients, including
definite PCP in 2, probable PCP in 2, and possible PCP in 2 patients. There were no
significant differences in sex, age group, National Cancer Institute risk group, or pneumocystis prophylaxis type between PCP and non-PCP groups. However, there was a
significant statistical difference in the times of ALL diagnosis. Regarding recent chemotherapy at the time of PCP diagnosis, there were one induction, one consolidation, and
four maintenance cases. All PCP patients were treated with high-dose sulfamethoxazole
(100 mg/kg/day) and trimethoprim (20 mg/kg/day) intravenously. Five patients survived,
while one patient with endotracheal mechanical ventilation therapy died due to respiratory failure in spite of aggressive treatment.
Conclusion: Pediatric PCP became extremely rare due to routine prophylaxis in clinical
practice of pediatric malignancy. Nevertheless, we analyzed patients with acute lymphoblastic leukemia who had received PCP prophylaxis for 14 years, and analyzed the clustered outbreaks of PCP. It is still important to emphasize the need for prophylaxis and
to increase the level of attention and isolation under environmental and personal risk
factors.
Key Words: Acute lymphoblastic leukemia, Chemotherapy, Compliance, Outbreaks,
Pneumocystis jirovecii pneumonia, Prophylaxis
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Pneumocystis Pneumonia in Pediatric ALL

Introduction
The most common cause of treatment-related toxicity in

Materials and Methods
1) Patients and study design

childhood acute lymphoblastic leukemia (ALL) is infection.

We retrospectively evaluated all the pediatric patients

In immunocompromised patients undergoing chemo-

with newly diagnosed ALL who were treated with chemo-

therapy, infections can often be fatal. Thus, prophylactic

therapy at Kyungpook National University Hospital be-

antibiotic therapy, including sulfamethoxazole/trimethoprim

tween January 2004 and December 2017. We reviewed

(SMX/TMP) for pneumocystis jirovecii pneumonia (PCP)

carefully their medical histories of both admission and out-

prophylaxis and antifungal agents, is recommended [1,2].

patient clinic data and results of patients who were sus-

The genus Pneumocystis is a yeast-like fungus found in

pected with any type of PCP. This study was approved by

lungs of mammals. It appears to be a unique organism

the Institutional Review Board (IRB) of our medical institute

showing some biological characteristics of protozoa while

(IRB file No.: KNUCH 2018-08-026).

retaining the genetic structure of fungus. Its life cycle consists of trophic form and cyst form. The cyst form might

2) Data collection

be the spreading form because it can survive in the external

For all evaluated ALL patients, demographics, ALL diag-

environment for a long time. It is possibly infectious [3].

nosis, chemotherapy regimen, and PCP prophylaxis were

The distribution of these pathogens is ubiquitous.

reviewed. We collected data of patients according to risk

Infection is thought to be acquired by inhalation. It is

group. Exclusion criteria were as follow: patients with

known to be infecting children aged 2-4 years, causing la-

Burkitt leukemia, bilineage or biphenotypic leukemia, pa-

tent infection. Standard precaution rather than droplet pre-

tients with high-risk leukemia and those who were trans-

caution or contact precaution is recommended by the

ferred to other hospitals.

Centers for Disease Control (CDC) [3,4]. Pneumocystis is

For all patients who were suspected with any types of

difficult to be cultured or detected in laboratory environ-

PCP, clinical, radiologic and microbiologic findings of PCP

ments. Its ecology including the timing and method of

patients were reviewed, including the timing of PCP devel-

transmission as well as environmental sources and commu-

opment, type of prophylaxis, clinical features, anti-PCP

nicability remain unclear [3,5,6].

treatment and outcome of treatment.

According to previous studies, adult non-HIV patients
present more acute and atrocious symptoms than HIV pa-

3) Criteria for PCP

tients, showing atypical symptoms that may lead to mortal-

Regarding the method of identifying PCP organisms, con-

ity [3,5,6]. Although the outbreak of PCP is 0.09-1.3% under

ventional staining, fluorescent antibody staining and PCR

the first-line or second-line PCP prophylaxis in pediatric

with respiratory specimens can be used [5,10]. Since bron-

cancer patients [1,7,8], there is a lack of information on the

choalveolar lavage (BAL) or lung biopsy is not easy to per-

occurrence of PCP in the detailed subtypes of pediatric can-

form in young pediatric patients and not possible in our

cer patients with different degree of chemotherapy and

institution due to lack of pediatric infection and broncho-

immunosuppression. There are a few domestic studies of

scopy specialists, PCR was used mainly for the diagnosis

non-HIV children with PCP [6,9], however there is no PCP

of PCP organisms. Induced sputum was collected by a neb-

study in pediatric cancer patients or pediatric ALL patients

ulization technique using hypertonic saline or chest mas-

with PCP in Korea.

sage technique [11].

The objective of the present descriptive study was to investigate the pattern and treatment outcome of PCP in children with ALL who received chemotherapy.
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The diagnosis of PCP was classified into definite PCP,
probable PCP, or possible PCP.
Definite PCP was defined by characteristic clinical fea-
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tures of progressing pneumonia, radiologic findings of in-

PCP was found in a total of 6 patients (Table 1), includ-

terstitial pneumonia including ground glass opacities, and

ing one patient in 2005 (February 2005), one patient in

microbiologic findings including positive result of quantita-

2015 (June 2015), and four patients in 2016 (August,

tive PCP PCR [12] using induced sputum. Probable PCP was

September, October, and November 2016, respectively)

defined by inability to confirm microbiologic findings with

(Fig. 1).

any risk factor of PCP such as immunocompromised status

There were no significant differences in sex, age group,

and both clinical and radiological findings of PCP. Possible

NCI risk group, or pneumocystis prophylaxis type between

PCP was defined by inability to confirm microbiologic find-

PCP group and non-PCP group. However, there was a sig-

ings with any risk factor of PCP such as immunocompro-

nificant difference in the times of ALL diagnosis. PCP was

mised status, clinical findings of PCP, and either radiologic

found more in patients diagnosed after 2014 than those in

findings of PCP or resolution of symptoms after anti-PCP

other times of ALL diagnosis (Table 1).
For these six PCP patients, detailed clinical, radiologic

treatment.

and microbiologic findings are described in Table 2. The

4) Statistical analysis

six PCP patients were classified into definite PCP (N=2),

Descriptive statistics were used for demographic data,

probable PCP (N=2), or possible PCP (N=2).

frequency and percentage for categorical data, and median

Recent chemotherapy at the time of PCP diagnosis

and range for continuous data. To compare characteristics

showed induction in one patient, consolidation in one pa-

between PCP group and non-PCP group, chi-test was used

tient, and maintenance course in four patients. All these six

for categorical variables and Student’s t-test was used for

PCP patients underwent prophylaxis at the time of PCP di-

continuous variables using STATA/IC version 15.1 (STATA

agnosis, although two of four patients with oral SMX/TMP

Corporation, College Station, Texas, Newark, Delaware,

prophylaxis poorly adhered and two patients with pentam-

USA). The p value below 0.05 was defined as significance.

idine inhalation prophylaxis were suspicious of inhalation

Results

Table 1. Characteristics of PCP group and non-PCP group
among ALL patients

A total of 56 patients with acute lymphoblastic leukemia
were evaluated, covering 33 (58.9%) males and 23 (41.1%)
females. The median age of patients was 5.2 years (range,
1.3 to 16.7 yr). Forty-one (73.2%) patients aged 1 to 9 years
while 15 (26.8 %) patients were over 10 years old.
According to National Cancer Institute (NCI) risk group [13],
27 (48.2%) patients were standard risk group while 29
(51.8%) patients were high risk group. Regarding chemotherapy regimens, AALL0232 protocol [14] in 6 patients,
AALL0331 protocol [15] in 19 patients, CCG1961 protocol
[16] in 20 patients, CCG1991 protocol [17] in 1 patient,
CCG1881 protocol [18] in 7 patients, and CCG1952 protocol
[19] in 3 patients were used. During chemotherapy periods,
all patients received PCP prophylaxis with oral SMX/TMP
(SMX 30 mg/kg/day and TMP 6 mg/kg/day) prophylaxis on
three consecutive days every week or pentamidine inhalation prophylaxis (TMP 300 mg/dose) every month.
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Characteristic
Sex
Male
Female
Age
1-9 yr
＞10 yr
NCI risk group
Standard risk group
High risk group
Pneumocystis prophylaxis
SMX/TMP (po)
Pentamidine (ih)
Times of ALL diagnosis
2004 to 2007
2008 to 2013
2014 to 2017

PCP
(N=6)

non-PCP
(N=50)

3
3

30
20

5
1

36
14

2
4

25
25

4
2

44
6

1

17
18
15

P
0.638

0.618

0.44

0.158

0.031

5

ALL, acute lymphoblastic leukemia; PCP, Pneumocystis
jirovecii pneumonia; NCI, National Cancer Institute; SMX/TMP,
sulfamethoxazole/trimethoprim; po, per oral; ih, inhalation.
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Fig. 1. Epidemiologic map of PCP outbreaks for years among ALL patients. The x axis indicates the date (year.month). Dark, neutral,
and light green colored bar indicates the chemotherapy courses of induction, consolidation, and maintenance, respectively. Blue,
orange and gray colored bar indicates the timing of PCP outbreaks and the patients with definite PCP, probable PCP, and possible
PCP, respectively. The patient number of PCP group was shown with separate arrows.

noncompliance.

steroid therapy (methylprednisolone 2 mg/kg/day). For

Clinical presentations were fever, cough, chest pain, cya-

three patients, high frequency nasal cannula was delivered

nosis, tachypnea, and low oxygen saturation or hypoxemia.

within the first 24 hour after recognition of PCP and one

Radiologic findings were interstitial pneumonia and diffuse

patient required mechanical ventilation therapy. Five pa-

ground grass opacity. PCP PCR was done for four patients.

tients survived and one patient who required endotracheal

Two patients (age at PCP diagnosis; 18.1 yr for P44 and

mechanical ventilation therapy died of respiratory failure at

7.1 yr for P38) showed positive microbiologic results.

46 days after PCP treatment.

Inducing sputum in another two infant patients (2.3 yr for
P47 and 3.1 yr for P50 at time of PCP diagnosis) was very

Discussion

difficult. They did not show positive microbiologic results.
All six PCP patients received high-dose sulfamethoxazole

In this study, there was a statistically significant differ-

(100 mg/kg/day) and trimethoprim (20 mg/kg/day)

ence in the times of ALL diagnosis between PCP group and

intravenously. The median treatment periods were 20.5

non-PCP group, but not other values. Five PCP were diag-

days (range, 11 to 29 days) (Fig. 1). Four patients received

nosed after 2014. In 2016, PCP showed clustered
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Table 2. Clinical, radiologic and microbiologic findings of PCP patients
Patient

P01

P39

P47

P44

P50

P38

Gender
Age at ALL Dx. (yr)
Date of ALL Dx. (yr)
CTx. Protocol
Recent
chemotherapy
Recent Prophylaxis
type
Prophylaxis
compliance
PCP type
Age at PCP Dx (yr)
Date of PCP Dx
(mo.yr)
Clinical
presentation

M
5.2
Feb. 2005
CCG1961
Induction

M
5.5
Mar. 2014
AALL0331
Maintenance

F
1.3
Jul. 2015
AALL1131
Maintenance

F
16.7
Apr. 2015
AALL0232
Maintenance

F
2.9
Jul. 2016
AALL0331
Consolidation

M
4.4
Feb. 2014
CCG1961
Maintenance

SMX/TMP (po)

SMX/TMP (po)

SMX/TMP (po)

Pentamidine (ih)

SMX/TMP (po)

Pentamidine (ih)

No record

No record

Irregular

Regular

Irregular

Regular

Possible PCP
5.2
Feb. 2005

Possible PCP
6.8
Jun. 2015

Probable PCP
2.3
Aug. 2016

Typical PCP
18.1
Sep. 2016

Probable PCP
3.1
Oct. 2016

Typical PCP
7.1
Nov. 2016

Fever, cough

Fever

Fever,
hypoxemia

Fever, cough,
dyspnea,
tachypnea,
hypoxemia

Fever, cough,
hypoxemia

No record

40

Fever, cough,
chest pain,
cyanosis,
tachypnea,
hypoxemia
65

42

60

55

No record
Interstitial
pneumonia

96
Interstitial
pneumonia

87
Interstitial
pneumonia

78
Interstitial
pneumonia

PCP PCR
PCP treatment

Not done
SMX/TMP iv

Not done
SMX/TMP iv

Ventilator care
PCP outcome

Survived

Survived

RR, maximum
(/min)
SpO2, lowest (%)
Radiologic
presentation

80
74
Interstitial
Interstitial
pneumonia,
pneumonia
diffuse GGO
Negative
Positive
Negativea)
Positive
SMX/TMP iv
SMX/TMP iv
SMX/TMP iv
SMX/TMP iv
Corticosteroid iv corticosteroid iv Corticosteroid iv Corticosteroid iv
Ventilator
Survived
Survived
Died
Survived

a)

PCP PCR was done weekly for 3 times and all results showed negative.
ALL, acute lymphoblastic leukemia; CTx, chemotherapy; Dx, diagnosis; F, female; GGO, ground glass opacities; ih, inhalation; M,
male; min, minute; mo, month; PCP, Pneumocystis jirovecii pneumonia; po, per oral; SMX/TMP, sulfamethoxazole/trimethoprim;
yr, years.

outbreaks. Four PCP cases were diagnosed within 90 days

breaks and clusters of specific genotypes support the de

(August, September, October and November 2016, re-

novo person to person or environmental transmission of

spectively).
Several hypotheses can be used to explain this
phenomenon.

Pneumocystis jirovecii [3,5]. Unfortunately, we didn’t study
the genotypes of these clustered PCP patients.
Regarding environmental transmission, it is difficult to

First, this can be from person to person or environmental

cultivate Pneumocystis jirovecii species in vitro. Thus, there

transmission following de novo infection by community ac-

is no clear evidence of the source of Pneumocystis jirovecii.

quired infection. “Latent infection concept” has been pro-

Recently, a CDC study has shown that outdoor activities

posed, in which Pneumocystis jirovecii is infecting a host

such as gardening, outdoor camping, and mountain climb-

during childhood, becoming latent state and reactivation

ing are independent risk factors for PCP in HIV patients

when the host becomes immune-compromised [20].

[21]. Pneumocystis DNA has been found in ponds [22] and

Recently several reports on Pneumocystis jirovecii out-

surrounding air of PCP patients [23].
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In 2014, our pediatric hematology and oncology out-

Furthermore, pentamidine inhalation prophylaxis requires

patient clinic and inpatient ward were moved and opened

specialized nebulizer and negative-pressure room to admin-

in new building and new area. Therefore, outpatient clinic

ister effectively and safely against theoretical risks to health

and inpatient ward services were performed in separate and

care workers and occupational exposure [29]. These could

independent areas not intermixed with other department’s

be intolerant in young pediatric patients under age of 5

patients. This could lead to closer contact of patients in pe-

years and may not be available at all institutions.

diatric hematology and oncology department. Although

Breakthrough PCP incidence has been reported to be 9-25%

there is no evidence, person to person transmission might

after pentamidine inhalation prophylaxis [1,7,8,24].

have occurred from P47 to P44, P50, and P38 subsequently.

Several studies have reported that intravenous pentam-

Second, this can be related to the failure of prophylaxis

idine for second line PCP prophylaxis in children is toler-

such as nonadherence or intolerance. Among clustered PCP

able with breakthrough incidence of 0.06-1.3% [1,7,8].

patients, the medication was difficult to administer to two

Those results are comparable to other second line prophy-

PCP patients having oral SMX/TMP prophylaxis due to pa-

laxis and even superior to pentamidine inhalation

tients’ non-cooperation or combined intestinal inflammatory

prophylaxis. In the present study, five patients (P49,

disease. Two PCP patients having pentamidine inhalation

P51-P54) having intolerance to SMX/TMP or pentamidine

prophylaxis were challenged by coughing and disgusting

inhalation prophylaxis changed to intravenous pentamidine

odors.

after 2016’. We found that intravenous pentamidine pro-

After initiation of appropriate prophylaxis against

phylaxis was well tolerated without severe adverse events

Pneumocystis jirovecii in non-HIV patients, the risk of developing PCP has decreased from 22-45% to less than 0-9%
[1,7,24]. Before PCP prophylaxis era, the risk of PCP in pediatric oncology patients has been reported up to 43% [25].
Even though with PCP prophylaxis recommendations [26],
PCP can be developed in 5-20% of childhood acute leukemia patients due to PCP prophylaxis interruption or failure
[27,28].
SMX/TMP is considered the first line PCP prophylaxis in
non-HIV patients while other prophylactic agents are considered second-line drugs because of their range of coverage, drug tolerance, and effectiveness. Adverse effects of
SMX/TMP include drug allergy, renal dysfunction, neutropenia, thrombocytopenia, and electrolyte disorders, leading to the need for second line PCP prophylaxis such as
pentamidine, dapsone, and atovaquone [1,24].
The gold standard for second line of PCP prophylaxis in
children has not been established yet. Regarding pentamidine, inhalation is a preferred method for PCP prophylaxis
due to high adverse effects associated with intravenous
therapy in adults [24]. Adverse effects of pentamidine include tachycardia, shortness of breath, QTc prolongation,
pancreatitis, hypoglycemia, and nephrotoxicity that should
be avoided for patients with a history of asthma.

to discontinue the medication. Therefore, we may consider

Clin Pediatr Hematol Oncol

clinical trials for prophylaxis effect of intravenous pentamidine due to tolerable effects.
Regarding prognosis intravenous SMX/TMP was used for
all the patients as initial therapy. Four patients (2 definite
PCP and 2 probable PCP) received corticosteroid adjuvant
therapy. One probable PCP patient required ventilator therapy and eventually died. Although routine steroids therapy
are not recommended for the treatment of PCP in non-HIV
patients, the ECIL guideline states that steroid administration should be determined on an individual basis in patients with respiratory failure [30].
Limitations of this study include retrospective data, limited data on patient compliances for PCP and non-PCP patients, a single center study, and small numbers of patients.
Another limitation is the use of highly sensitive PCR method
as microbiologic diagnostic method that some PCP patients
might have been included to cause over- or under-estimation of results. However, invasive BAL or lung biopsy is
not easy to perform in young pediatric patients and not
possible to do in our institution due to lack of pediatric
infection and bronchoscopy specialists. It may be limited
in some institutions. And the more, we did not perform
outbreak investigation with infection control departments
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when the PCPs occurred.
Pediatric PCP is becoming extremely rare thanks to routine prophylaxis in clinical practice of ALL. In this study,
we analyzed patients with ALL who had received PCP prophylaxis for 14 years and analyzed clustered outbreaks of
PCP. Out results suggest that it is still important to emphasize prophylaxis and increase the level of attention and isolation for such patients due to environmental and personal
risk factors.
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