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Pneumocystis pneumonia (PCP) is a rare disease in healthy people but a potentially
fatal opportunistic infection by Pneumocystis jirovecii in immunocompromised
patients with organ transplantation. We present three cases of PCP after kidney
transplantation in pediatric patients. First case was a 4-year-old boy diagnosed
with Denys-Drash syndrome and received living-donor kidney transplantation
from his mother at age of 1. Second case was a 19-year-old male, with polycystic
kidney disease, who received kidney transplantation from his mother at the age of
18.Third case was a 19-year-old female with chronic kidney disease of unknown
etiology, who received kidney transplantation from her father at age of 15. These
three patients who were on immunosuppressive therapy and completed of
routine PCP prophylaxis for 6 months had presented with cough and dyspnea
more than 1 year after transplantation. Chest x-ray all showed diffuse haziness of
both lung fields, and bronchoalveolar lavage from bronchoscopy revealed Pneu-
mocystis jirovecii infection. All patients showed clinical resolution with intravenous
trimethoprim-sulfamethoxazole (TMP-SMX) therapy for at least 3 weeks and had
continued secondary prophylaxis for another 6-12 months. This report suggests
that clinicians should have suspicion for the possibilities of opportunistic infection
such as PCP after kidney transplantation in children.
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Introduction

Kidney transplantation has become the treatment of choice for children
with end-stage renal disease. Kidney transplantation has the potential for
normal growth and development with fewer complications”. However, trans-
plant recipients require lifelong maintenance immunosuppression. In kidney
transplant recipients, opportunistic infections are causes of morbidity and
mortality. Risk factors which affect the incidence and severity of opportuni-
stic infections after kidney transplantation include transmission in graft, re-
cipient immunity, immunosuppression medications, and availability of pro-
phylaxis®.

Pneumocystis pneumonia (PCP) is known to complicate 0.6-14% of pati-
ents with renal transplant recipients with a mortality rate of about 33% in the
absence of prophylaxis™”. The risk for infection is highest in first 6 months
after transplantation due to intensified immunosuppressive therapy”. Oral
trimethoprim-sulfamethoxazole (TMP-SMX) is the most effective agent for
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both treatment and prophylaxis of PCP. Therefore, routine
PCP prophylaxis with TMP-SMX is recommended for at
least 6 months after kidney transplantation by many cen-
ters, including our center®”. The incidence of PCP in renal
transplant recipients has gradually decreased to 0.4-7%
with the use of prophylaxis™”. Herein, we report three cases
of pediatric kidney transplant recipients who developed
late-onset PCP after the first year of transplantation.

Case report

First case was a 4-year-old boy diagnosed with Denys-
Drash syndrome and received living-donor kidney trans-
plantation from his mother at 1 year old. To prevent acute
rejection, we used basiliximab as induction immunosup-
pressant during the perioperative period. He presented with
sore throat, cough and chest pain 3 years after transplanta-
tion while taking deflazacort (1 mg/kg/day), tacrolimus
(0.16 mg/kg/day, a mean trough level of 10 ng/mL), and
mycophenolic acid (50 mg/kg/day) as maintenance therapy.
The initial vital signs were as follows: blood pressure, 103/64
mmHg; heart rate, 144 beats per minute; respiratory rate,
28 breaths per minute; temperature, 37.5C; Oxygen satura-
tion, 96% on room air. His breathing sounds were coarse,
and wheezing were present in both lung fields. Initial labo-
ratory evaluation of complete blood count showed a white
blood cell count of 8.7x10°/L with 73.9% neutrophils, 15.3%
lymphocytes, and 10.0% monocytes, hemoglobin 7.8 g/dL,
and platelets 485,000/mm’. The C-reactive protein level
was 0.12 mg/dL (normal <0.6 mg/dL). Venous blood gas
analysis at room air yielded the following values: pH, 7.41;
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PCO,, 46 mmHg; PO,, 37 mmHg; and HCO,, 29.2 mEq/L.
The serum creatinine level was 0.85 mg/dL. Initial plain
chest radiography revealed bilateral haziness in both lung
fields, suggestive of atypical pneumonia (Fig. 1A). We per-
formed bronchoscopy and found positive polymerase chain
reaction (PCR) result for Pneumocystis jirovecii from bron-
choalveolar lavage. We started intravenous TMP-SMX and
discontinued mycophenolic acid. While hospitalized, he
showed substernal retraction and needed nasal cannula
oxygen of 4 L/min. After 10 days of treatment, his cough
and dyspnea resolved, and then supplemental oxygen was
not required. He was treated with intravenous TMP-SMX
(15 mg/kg/day TMP-75 mg/kg/day SMX) for total 3 weeks
and continued PCP prophylaxis with oral TMP-SMX (6
mg/kg/day TMP-30 mg/kg/day SMX) for another 6 months
without recurrence. Currently, he is taking deflazacort,
mycophenolic acid, and changed from tacrolimus to cyclo-
sporine due to chronic diarrhea and failure to thrive.
Second case was a 19-year-old male, with polycystic kid-
ney disease, who received kidney transplantation from his
mother at the age of 18 and basiliximab as induction the-
rapy. One year after transplantation, he presented with
symptoms of fever, cough, and tachypnea while taking de-
flazacort (0.12 mg/kg/day), tacrolimus (0.16 mg/kg/day, a
mean trough level of 5 ng/mL), and mycophenolic acid
(14.4 mg/kg/day). The patient was transferred from a local
hospital, where he progressed to hypoxic respiratory failure
and septic shock requiring endotracheal intubation and
intravenous vasopressor within 24 hours of symptom onset.
On arrival at our hospital, he was hospitalized to the pedia-
tric intensive care unit and initial vital signs were as follows:

blood pressure, 113/85 mmHg; heart rate, 108 beats per mi-

Fig. 1. Chest radiography. Chest radiography of (A) the first patient showing bilateral haziness of
lung fields, (B) the second patient showing diffuse ground glass opacities of both lungs, and (C)
the third patient showing patchy ground glass opacities of both lungs.



www.chikd.org

nute; respiratory rate, 27 breaths per minute; temperature,
36.6 C; Oxygen saturation, 97% on pressure control venti-
lator with FiO, of 60 %, positive end-expiratory pressure of
7 cm H,0, peak inspiratory pressure of 17 cm H,0 and a
respiratory rate of 13 per minute. Coarse crackles were
present from bilateral lung fields. Laboratory evaluation
showed a white blood cell count of 7.7x10°/L with 78% neu-
trophils, 15.8% lymphocytes, and 4.8% monocytes, hemo-
globin 10.0 g/dL, and platelets 193,000/mm”. The C-reactive
protein level was elevated at 14.16 mg/dL. His arterial blood
gas analysis showed the following values: pH, 7.41; PCO,, 35
mmHg; PO,, 77 mmHg; and HCO;, 22.2 mEq/L on FiO,
0f 60%. Serum creatinine level was mildly elevated at 1.59
mg/dL. Plain chest radiography and computed tomography
(CT) of lung showed diffuse ground glass opacities, sug-
gesting interstitial pneumonia (Fig. 1B and 2A, B). On the
third day of hospital stay, bronchoalveolar lavage was done
and positive results for Pneumocystis jirovecii were found
from immunohistochemistry and PCR. He was initially
treated with intravenous cefepime, azithromycin, and
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TMP-SMX for both communityacquired bacterial pneu-
monia or possibly atypical pneumonia and discontinued
mycophenolic acid. On the second day of hospitalization,
he was extubated and changed to high flow nasal cannula.
Finally, he had improved to breathe at room air on the ninth
day. He completed a total 5 weeks of intravenous and oral
TMP-SMX (15 mg/kg/day TMP-75 mg/kg/day SMX) treat
ment and started PCP prophylaxis with oral TMP-SMX
(80 mg/day TMP-400 mg/day SMX) for another 12 months.
And then, he is on maintenance immunosuppressive the-
rapy with deflazacort and tacrolimus.

Third case was a 19-year-old female with chronic kidney
disease of unknown etiology. She received kidney trans-
plantation from her father at the age of 15 and had induc-
tion immunosuppression with basiliximab. However, acute
cellular rejection presented at two years after transplanta-
tion and intensive immunosuppressive therapy was admi-
nistered with double strength steroid for a while. At three
years after transplantation, she developed dyspnea while
taking deflazacort (0.61 mg/kg/day), tacrolimus (0.1 mg/

Fig. 2. Computed tomography (CT). (A) and (B): chest CT of the second patient shows diffuse
ground glass opacities of both lungs. (C) and (D): chest CT of the third patient shows diffuse
patchy opacities of both lung fields.
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kg/day, a mean trough level of 7 ng/mL), and mycophenolic
acid (12.82 mg/kg/day). The initial vital signs were as fol-
lows: blood pressure, 107/75 mmHg; heart rate, 93 beats per
minute; respiratory rate, 24 breaths per minute; tempera-
ture, 36.3°C; Oxygen saturation, 99% on room air. Auscul-
tation revealed wheezing from bilateral lung fields. Initial
laboratory evaluation showed a white blood cell count of 5.0x
10°/L with 69.6% neutrophils, 17.1% lymphocytes, and 9.3
% monocytes, hemoglobin 8.4 g/dL, and platelets 551,000/
mm’. The C-reactive protein level was mildly elevated at
2.3 mg/dL. Venous blood gas analysis at room air showed
the following values: pH, 7.39; PCO,, 45 mmHg; PO,, 33
mmHg; and HCO;, 27.0 mEq/L. The serum creatinine level
was mildly elevated at 1.83 mg/dL. Plain chest radiography
and CT showed diffuse patchy ground glass opacities in
both lung fields, suggesting atypical or viral pneumonia
(Fig. 1C and 2C, D). Bronchoscopy was done on the third
day of hospital stay, and PCR for Pneumocystis jirovecii
from a bronchoalveolar lavage was positive. On the impres-
sion of atypical pneumonia, she was started treatment with
levofloxacin and TMP-SMX. She required oxygen therapy
via nasal cannula of 1-3 L/min for 10 days of hospital stay,
and gradually improved to breathe at room air afterwards.
She completed TMP-SMX treatment for total 3 weeks and
continued another 6 months. However, she was later diag-
nosed and treated for post-transplantation lymphoprolife-

Table 1. Clinical Characteristics of the Patients
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rative disorder (PTLD) 4 years after transplantation. Starting
chemotherapy for PTLD, we changed immunosuppressive
regimen from tacrolimus and mycophenolic acid to siroli-
mus (0.15 mg/kg/day) and prednisolone (0.25 mg/kg/day).
Two more recurrent PCP occurred in 5 and 7 years post-
transplantation. At each time of recurrence, she was treated
with intravenous and oral TMP-SMX (15 mg/kg/day TMP-
75 mg/kg/day SMX) for 3 weeks and continued additional
prophylaxis with oral TMP-SMX (6 mg/kg/day TMP-30
mg/kg/day SMX) for at least 6 months, respectively. Still,
she is on maintenance immunosuppression with predniso-
lone and sirolimus. Clinical characteristics of three cases

are summarized in Table 1.

Discussion

It is well known that PCP resulted in a worse clinical
course and could be a cause of morbidity and mortality in
renal transplant recipients receiving immunosuppressive
therapy”. Previous studies reported the incidence of PCP
), but
there is no incidence data for children. This study reported

in adult renal transplant recipients were 0.6-14%">*

three patients who had PCP after pediatric kidney trans-
plantation which occurred after the completion of primary
prophylaxis for PCP, with an incidence rate of 2.08% in our

Characteristic Patient 1 Patient 2 Patient 3
Age at diagnosis (yr) 4 19 19
Gender Male Male Female

Underlying etiology for renal disease
Type of kidney transplantation

Immunosuppressant drugs at diagnosis Deflazacort
Tacrolimus
Mycophenolic acid
Primary prophylaxis duration after transplantation (mo) 6
Time between PCP and transplantation (yr) 3
Symptoms Sore throat
Cough
Chest pain
R jirovecii PCR from bronchoalveolar lavage Positive
Respiratory support Nasal cannula
Treatment duration with TMP-SMX (wk) 3
Secondary prophylaxis duration after treatment (mo) 6
Recurrence No

Denys - Drash syndrome
Living-donor (mother)

Polycystic kidney disease Unknown

Living-donor (mother) Living-donor (father)

Deflazacort Deflazacort
Tacrolimus Tacrolimus
Mycophenolic acid Mycophenolic acid
6 6
1 3
Fever Dyspnea
Cough
Tachypnea
Positive Positive
Ventilator Nasal cannula
5 3
12 6
No Yes*

*The third patient was converted to prednisolone and sirolimus because of post-transplantation lymphoproliferative disorder (PTLD) in 4 years after kidney
transplantation. She had unusual recurrences of PCP at 5 and 7 years after kidney transplantation.
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center from 1995 to 2019.

Renal transplant recipients receive intensive immunosup-
pressive therapy after transplantation, with combination of
steroid and calcineurin inhibitor and antimetabolite agents.
Therefore, PCP after renal transplantation usually occurred
within 6 months and most patients were diagnosed within
1 year because of intense immunosuppression, but late-
onset beyond 12 months are rare™. For this reason, renal
transplant patients receive PCP prophylaxis with TMP-
SMX for at least 6 months in general”'”. Several studies
have reported late-onset PCP which developed after 6
months of prophylaxis, or even after a year post-transplan-
tation™""”. Our three cases also had late-onset PCP more
than a year post-transplantation after the completion of
routine PCP prophylaxis for 6 months, suggesting that
transplantation recipients are not free from risks of PCP
after a year and thereafter.

There are multiple risk factors contributed to PCP in renal
transplant recipients; transmission in graft, recipient im-
munity, types and amounts of immunosuppressive drugs,
occurrence of graft rejection, and previous or concomitant
cytomegalovirus (CMV) infection**'”. The major contri-
butor to PCP occurrence is immunosuppressive therapy,
although the effect of each individual immunosuppressant
is unclear. Glucocorticoids suppress adaptive immunity
and inflammatory response, which is a not only risk factor
for PCP infection but also treatment of severe PCP". Tt is
also well-known that MMF is a risk factor for PCP”. Our
patients maintained deflazacort or predinisolone and dis-
continued MMF temporarily for PCP treatment. Several
studies showed that tacrolimus has the higher risk for PCP
than cyclosporine and sirolimus also increased the risk of
PCP in renal transplant recipients™”. All our three patients
of late-onset PCP were taking tacrolimus with a mean
trough level of 5-10 ng/mL, which was within target ranges
of maintenance immunosuppression14). Based on these
knowledge, the third patient was expected to be high risk
for PCP infection because of previous acute rejection, addi-
tional chemotherapy for PTLD, and sirolimus medication.
Regarding CMV infection, all three patients had no CMV
infection for the first 6 months after kidney transplantation.

Pneumonia is a major presentation of Pneumocystis ji-
rovecii infection. PCP in organ transplant recipients mani-

fest abrupt fever, dyspnea, and respiratory difficulty. Chest
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radiography in the patients reveals fine reticular interstitial
change, suggesting atypical pneumonia'”. These non-spe-
cific symptoms and findings are common in PCP in renal
transplant recipients. Patients in this study also had non-
specific abrupt symptoms like fever, sore throat, cough,
dyspnea, and respiratory difficulty over the course of a few
day, and showed diffuse reticular opacity in chest radio-
graphy.

Oral TMP-SMX is the first treatment of choice and pro-
phylaxis for PCP. The recommend duration of treatment is
at least 14 days but can be extended to 21 days in severe
infection or when clinical symptoms are not improved”.
Depending on patient’s condition, either oral or intrave-
nous administration is possible because of excellent oral
bioavailability. Clinical improvement is usually observed
after 4-8 days of treatment. If patients show worse course
or have severe adverse effects including elevated serum
creatinine or potassium level, cytopenia, and gastrointe-
stinal disorder, alternative agents like pentamidine, dap-
sone, and atovaquone should be considered". Our patients
from the case all responded well to the initial treatment
with intravenous TMP-SMX and received another addi-
tional 6-12 months of prophylaxis. However, our third
patient who had two more episodes of PCP recurrence ful-
filled more risk factors than the other two patients; she had
experienced previous acute rejection and later received
sirolimus medication and chemotherapy for PTLD which
possibly explains the increased risk for PCP. Secondary
prophylaxis for recurrent PCP in transplantation recipients
are still under debate, and there is no definite consensus of
duration. Recent study recommended that the high-risk
patients such as those with enhanced immunosuppressive
therapy and recurrent infection should receive longer or
lifelong PCP prophylaxis”.

The mortality rate of PCP in adult renal transplant re-
cipients has gradually decreased from 33% to about 14%
recently”'”. Early diagnosis, treatment, and the improved
supportive care have contributed to this better outcome.
So far, it is hard to assess the outcome of PCP in pediatric
renal transplant patients due to limited data for children.
However, this report showed that all three pediatric patients
were rapidly diagnosed with PCR methods in few days,
received treatment with intravenous TMP-SMX at least 3
weeks, and fully recovered.
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We report three cases of late-onset PCP more than a year
after pediatric kidney transplantation all of whom com-
pleted 6 months of routine PCP prophylaxis. This study
suggests that renal transplant patients have a lifelong risk
of PCP manifesting as non-specific symptoms of pneumo-
nia. Therefore, clinicians should bear in mind the possibility

of opportunistic infections such as PCP in their patients.
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