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We describe the prevalence of Pneumocystis jirovecii in mother-
infant pairs of very low birth weight newborns <32 weeks
gestation. Molecular and microscopic methods were used for de-
tection of P, jirovecii in patients’ specimens. Pneumocystis DNA
was detected in 8 nasopharyngeal aspirates (14%) of 56 new-
borns and in 7 oral washes (21%) of 34 mothers. Pneumocystis
detection immediately after birth suggests the possibility of its
transplacental transmission. Compared to noncolonized in-
fants, more frequent occurrence of bronchopulmonary dys-
plasia was seen in colonized infants (P =.02), suggesting a
potential clinical importance of this pathogen in abnormal lung
development.
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Previous reports suggest that Pneumocystis jirovecii may be trans-
mitted from mother to infant [1]. Moreover, a significant increase
of respiratory distress syndrome has been documented in preterm
infants colonized with P, jirovecii [2], emphasizing the need for
research to identify whether this fungus has a pathogenic role in
newborns. Relatively high prevalence of P, jirovecii among pregnant
women in the third trimester [3] may pose a risk of transplacental
transmission. Colonized mothers may also act as a postpartum
aerial reservoir of this pathogen for their immunologically naive
newborns [1-3]. The aim of this study was to investigate the prev-
alence of P, jirovecii among newborns with respiratory distress
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syndrome, born prematurely, and/or with very low birth weight.
Respiratory specimens were also collected from mothers to inves-
tigate genetic homology with isolates from their newborns.

METHODS

Respiratory specimens from human immunodeficiency virus
(HIV)-negative (1) preterm infants (n = 56) who had been under
the care of the Department and Clinic of Neonatology, Wroclaw
Medical University, Wroclaw, Poland, and (2) their mothers
(n =34; specimens from 8 mothers were not available) were
examined between January 2018 and June 2019. Nasopharyngeal
aspirates were obtained from newborns immediately after birth
(approximately 10-15 minutes after birth), and oral washes were
collected from mothers shortly after labor, as described previously
[2, 4]. In the case of 6 infants, a resampling from the respiratory
tract for other diagnostic tests was taken within 3.5-22 weeks after
delivery, which was used to check the presence of Pneumocystis
again. Inclusion criteria for newborns were (1) birth weight
<1500 g and/or gestational age <32 weeks, and (2) respiratory dis-
tress syndrome, defined as respiratory failure in the first hours of
life of a preterm newborn presumably caused by lung surfactant
deficiency. Diagnosis of respiratory distress syndrome was made
based on clinical symptoms, chest X-ray, and blood gas analysis
results. All patients during stabilization at the delivery room were
started on nasal continuous positive airway pressure (nCPAP)
as the initial respiratory support. In cases with (1) arterial blood
pH < 7.20, (2) Paco, > 60 mmHg, (3) Sao, < 90% at O, concen-
tration above 30% and nCPAP of 6-10 cmH, O, and (4) persistent
or severe apnea, respiratory failure was diagnosed. According to
European guidelines [5], a less invasive surfactant administration
method was used in babies who were worsening when Fio, > 0.30
on nCPAP pressure of at least 6 cmH,O. After stabilization, me-
chanical ventilation was used in babies with respiratory distress
syndrome when noninvasive methods of respiratory support had
failed. When the intubation was required as part of stabilization,
surfactant was given immediately. Demographic, clinical, and
laboratory data were recorded upon inclusion for all study par-
ticipants. Informed consent, approved by the Human Research
Ethics Committee of Wroclaw Medical University (agreement No.
KB-725/2017), was obtained from parents or statutory represent-
atives of infants, as well as from mothers whose samples were in-
cluded in the study.

Samples collected from all patients were tested by both
molecular and microscopic techniques. Molecular detection
was performed by nested polymerase chain reaction (PCR)
amplifying partial sequence of P. jirovecii mtLSU rRNA gene,
followed by sequencing and phylogenetic analyses [6, 7].
Nested PCR was repeated 3 times for each sample, and those
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with confirmed Pneumocystis DNA presence in at least 1 in-
dependent analysis were considered positive. Microscopic
examination of fixed smear slides of centrifuged respiratory
specimens was performed using a direct immunofluores-
cence assay (MONOFLUO Pneumocystis jirovecii IFA Test
Kit; BioRad).

Fisher exact test and Student ¢ test were used to compare
variables between Pneumocystis-positive and -negative individ-
uals. The duration of the oxygen therapy (with time to therapy
termination as outcome) was analyzed using the Kaplan-Meier
method, censoring those infants who died and reweighting by
inverse probability of censoring weights. This enabled consid-
eration of the Kaplan-Meier curves as representing the dura-
tion of oxygen therapy in a group of infants who all survived.
The duration of oxygen therapy was compared between colon-
ized and noncolonized patients with the use of the log rank test
for univariate analysis in the R environment (R version 4.0.4).
A value of P < .05 was considered significant. The analysis of the
duration of oxygen therapy was performed with the use of the
R packages pec, prodlim, and RISCA [8-10]. Due to the explor-
atory nature of the study, no adjustments have been made for
multiple comparisons.

RESULTS

Basic clinical and demographic characteristics of studied in-
fants are shown in Table 1. P. jirovecii DNA was detected in 8

(14%) of 56 newborns immediately after birth and in 7 (21%)
of 34 mothers, but no matched mother-newborn pairs were
detected. Children of 8 mothers from whom specimens were
not available were Pneumocystis negative. Among infants
tested more than once, 2 were positive in 2 samplings (Table 2).
Immunofluorescence microscopy confirmed cysts in 75% (6/8)
infants immediately after birth (Table 2) and 57% (4/7) mothers
(data not shown) with positive PCR result and all of them were
considered colonized (less than 5 cysts per slide). No cysts were
observed in PCR-negative samples.

A significant association was demonstrated between colo-
nization and bronchopulmonary dysplasia (P =.02). Median
duration of oxygen therapy in colonized infants was 41.0 days
(interquartile range [IQR], 31.0-55.0) and in noncolonized
19.0 days (IQR, 7.0-36.0; P =.07; Supplementary Figure 1).
Anti-Pneumocystis treatment with sulfamethoxazole plus tri-
methoprim (5:1, co-trimoxazole; 2 doses of 100 mg/kg/day of
sulfamethoxazole intravenously) was implemented in 1 patient
due to persistent respiratory failure and prolonged requirement
for mechanical ventilation. Seven infants died due to complica-
tions connected with extreme prematurity, but they all tested
Pneumocystis negative.

Fourteen (33%) of the 42 pregnancies were multiple. Among
them, Pneumocystis was recorded in 2 pairs of twins: in only 1
of the siblings in the first pair and in both infants in the second
pair, that is one positive immediately after birth and the other

Table 1. Comparison of Clinical and Demographic Characteristics of Infants With (Positive) and Without (Negative) Pneumocystis jirovecii Infection

Immediately After Birth

Pneumocystis jirovecii

Characteristic Positive (n =8) Negative (n =48) PValue
Sex, No. of patients (%)

Male 62.5) 30 (62.5) 1
Female 375) 18 (37.5) 1
Birth weight, g 1320 (720-1940) 1270 (500-2200) .34
Gestational age, wk 29 (24-34) 30 (25-33) .73

MV, No. of patients (%) 37.5) 21 (43.8) 1
MV duration, d 9-30) 6 (2-46) 45
nCPAP No. of patients (%) 100) 45 (94) 1
nCPAP duration, d 4.5 (1-16) 6 (1-43) .39
Supplemental oxygen at 28 d, No. of patients (%)? 15 (35.7) .06
Bronchopulmonary dysplasia, No. of patients (%) ) 14 (29) .02¢
Surfactant replacement therapy, No. of patients (%) 20 (42) 71
Duration of hospitalization, d 44 (19-80) 45 (2-85) .68

Type of delivery (%)°
Cesarean delivery 6 (75) 44 (92) 24
Vaginal delivery 4(8) .24
Maternal age, y 32 (22-37) 32 (18-43) .54

Data represent median (range) unless otherwise indicated.

Abbreviations: MV, mechanical ventilation; nCPAR nasal continuous positive airway pressure.

?Six Pneumocystis-negative infants who died below the age of 28 days were excluded.

®In a triplet pregnancy, the first infant was born by vaginal delivery and delay in subsequent births led to cesarean delivery.

°Pvalue < .05.
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Table 2. Pneumocystis Diagnosis in Samples Collected From All Infants
With Confirmed Colonization Throughout the Study Period

Pneumocystis Diagnosis

Patient No. Sampling No. Nested PCR Microscopy
1 | P
2 | P P
B | P P
I P P
4 | P P
I N N
57P I N N
I N N
1 P N
6° | P N
Il P P
1l N N
7 | P N
8 | P P
9 | P P

Abbreviations: N, negative; P, positive; PCR, polymerase chain reaction.
“Twin siblings.

®Infant not considered as a positive case immediately after birth because Pneumocystis
was detected in the third sampling (20.7 weeks). The remaining 2 infants with more than 1
sample collected, tested Pneumocystis-negative at both samplings.

one after discharge from the hospital (at the third sample collec-
tion after 20.7 weeks).

In most mothers’ samples mtLSU rRNA genotype 1 was de-
tected, except in 1 case in which genotype 2 was present; in
infants, genotype 1 was predominant (detected in 7 children),
while genotypes 2 and 3 were recorded in 1 infant each. The iso-
lates in the twin pair were genetically identical.

DISCUSSION

This study shows a significant relationship between P. jirovecii
colonization and bronchopulmonary dysplasia—a common
complication in very low gestational age newborn infants re-
quiring supplemental oxygen for at least 28 days (Table 1). This
is in accord with Rojas et al [2], although the difference in this
study was not statistically significant. We also observed ex-
tended duration of oxygen therapy in Pneumocystis-colonized
infants, and although this difference was not statistically signif-
icant, both of these results suggest that this fungus may con-
tribute to the higher severity of respiratory distress syndrome
in newborns and increase the duration of respiratory support.
Possible explanations could be disruption of surfactant compo-
sition [11] and the increased mucus production associated with
Pneumocystis colonization reported in infant lungs [12]. These
data suggest a potential role of Pneumocystis colonization in
bronchopulmonary dysplasia and prompt further research with
a larger study group.

The prevalence of Pneumocystis among tested mothers (21%)
was higher than in previous reports from women in the third
trimester (5.4%-16.5%) [3, 13, 14]. Interestingly, in our study

the prevalence of Pneumocystis was also higher among the
group of mothers when compared to the infants (14%). The op-
posite was observed by Vera et al in full term infants [13], while
none of the examined children was infected in the study by
Garcia et al [14]. The slightly higher prevalence of Pneumocystis
in mothers of very low birth weight preterm infants in our study
compared to the series of term mother-infant pairs in the litera-
ture may suggest that colonization is associated with premature
delivery. In this respect, the significance of P. jirovecii carriage in
pregnant women requires further thorough analysis.

The scant evidence for transplacental transmission of
P. jirovecii in humans provided by examinations of formalin-
fixed tissues of aborted fetuses suggests the possible dissemina-
tion of the fungus from mother to fetus via the blood route [1].
The specimens in our study were collected several minutes after
birth, and because the mother-infant skin-to-skin bonding con-
tact procedure was not applied in our study, the transplacental
route, rather than aerial, could have been a source of infection
for these infants. The probability of such vertical transmission
is additionally supported by the fact that cysts were observed
in the first sampling in 6 of 8 PCR-positive infants’ speci-
mens, thus the infection must have occurred sometime earlier.
However, no matched mother-child pairs of infected individ-
uals were recorded. It is possible that mothers were infected
earlier during gestation, Pneumocystis was transmitted to the
fetus and persisted until delivery, while the mother’s infection
resolved spontaneously in the following weeks and therefore
showed a negative result post partum. It is also possible that
Preumocystis-positive mothers were infected shortly before
the specimen collection and the time frame was too short for
their infants to become infected before delivery. The absence
of matched pairs in our study could also be attributed to dif-
ferences in types of collected specimens. It has been suggested
that the number of organisms reaching the oral cavity may be
insufficient for Pneumocystis detection in patients with low
pulmonary fungal burden [15]. It can therefore be assumed
that mothers of PCR-positive infants were also colonized, but
we were unable to confirm this due to less sensitive diagnostic
material.

Although mtLSU rRNA genotype 1 was the predominant in
all samples investigated in this study, finding of genetically iden-
tical isolates in the twin pair cannot exclude sibling-to-sibling
Preumocystis transmission or a common infective source for
both of them. On the other hand, mtLSU rRNA genotyping
does not provide a sufficiently high discriminatory power for
pathogen transmission analysis, thus it can also be assumed that
there was another, external infective source for the second twin.
Therefore, it should be borne in mind that children born pre-
maturely are potentially at risk of various infections, including
Pneumocystis, during infancy. Genotype 1 was also most com-
monly observed in the mothers” specimens in the study of Vera
etal [13], suggesting that this genotype may be prevalent during
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gestation. Pregnant women regularly attend outpatient clinics,
which may promote the spread of the particular genotype in
this group and can be further transmitted to their infants.

In conclusion, our study documents Pneumocystis DNA
shortly after birth in very low birth weight premature infants that
did not enter into close contact with their mothers, providing
further support that Pneumocystis is highly common in prema-
ture infants and suggesting that blood-borne transmission via the
transplacental route may be an alternative route for transmission
of this fungus. Pneumocystis colonization in preterm infants may
be associated with bronchopulmonary dysplasia, suggesting a po-
tential clinical importance of this pathogen in abnormal lung de-
velopment. Because prevalence of Prneumocystis among pregnant
women and newborns is relatively high, this pathogen should be
considered in the etiologic workup of newborns with respiratory
disorders, especially in infants born prematurely.
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