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Fresh-frozen lung and tracheal-aspirate specimens obtained
from 112 infants who died in Santiago, Chile, during 1998-
2000 were analyzed for the presence of Pneumocystis DNA,
by use of nested DNA amplification of the large subunit mi-
tochondrial rRNA, and for the presence of viruses, by use of
culture and immunofluorescence. Pneumocystis DNA was de-
tected in specimens from 45 (51.7%) of 87 infants who died
in the community and from 5 (20%) of 25 infants who died
in the hospital (P = .006). Primary infection with Pneumo-
cystis was highly frequent among infants who die unexpect-
edly in the community. Infection with viruses was more com-
mon in infants who died in the hospital.

The few existing autopsy reports of histologically mild Preu-
mocystis carinii f. sp. hominis infection in presumably immu-
nocompetent infants support the serologic evidence that pri-
mary infection with Pneumocystis is acquired early in life and
underscore the need to characterize this pediatric infection [1-
4]. P. carinii f. sp. hominis, also known as Prneumocystis jiroveci
(a human-derived Pneumocystis species), as determined by use
of genotyping [5], has been described after careful microscopy

examination in the lungs of 35%, 14%, and 13.9% of infants
who died of sudden infant death syndrome (SIDS) in Santiago,
Chile; Oxford, United Kingdom; and Rochester, New York, and
New Haven, Connecticut, respectively [1, 2]. Unlike the usually
massive infection seen in immunocompromised hosts, which
is easily detected by microscopy or single-round polymerase
chain reaction (PCR), the use of more-sensitive techniques,
such as nested PCR, might be necessary to diagnose primary
infection in immunocompetent hosts.

Methods.
112 infants without known immunocompromising conditions,

Lung-tissue and tracheal-aspirate specimens from

whose autopsies were performed between May 1998 and Oc-
tober 2000, were prospectively collected, within 6-48 h after
death, from the Servicio Medico Legal (Chilean coroners’ of-
fice) and from 2 children’s hospitals in Santiago. Eighty-seven
specimens were obtained from infants whose death was un-
expected, according to the infant’s medical history, and had
occurred in the community; 25 specimens were obtained from
infants who died in the hospital. Autopsy diagnosis was estab-
lished on the basis of clinical history, laboratory test results,
and gross and microscopic findings. A diagnosis of SIDS was
given when there was no recognized premortem disease, no
significant micro- or macroscopic pathological findings, and
negative toxicological test results. Before the results of the Pneu-
mocystis or viral analyses were available, data on age, date of
death, antibiotic use, and autopsy findings were collected from
medical history records, for deaths that occurred in the hospital,
or from the coroner’s report, for deaths that occurred in the
community. The Ethics Commission of the University of Chile
School of Medicine approved the study. Signed consent for
autopsy was obtained from the parents of infants who died in
the hospital. Chilean law requires autopsies for all infants who
die in the community.

Lung-tissue specimens were stored at —80°C until process-
ing. One specimen from the upper lobe of the right lung of
each infant was examined. DNA was extracted from a 0.2-0.5-
g portion of tissue, as described elsewhere [6]. Pneumocystis
DNA was identified by use of a 2-step nested PCR procedure
using oligonucleotide primers pAZ102-E and pAZ102-H, which
are designed for the gene encoding the large subunit mito-
chondrial rRNA of Pneumocystis and amplify all Pneumocystis
species, and internal primers pAZ102-X and pAZ102-Y, which
are specific for P. carinii f. sp. hominis, as described elsewhere
[7]. Negative controls were included with each specimen, to
monitor for cross-contamination. PCRs were performed in du-
plicate and without knowledge of clinical details.




Table 1.  Circumstance of death and autopsy diagnesis for 112 infants who died in
Santiago, Chile, during 1998-2000 and for whom Pneumocystis carinii f. sp. hominis and
common respiratory viruses were respectively sought by nested polymerase chain reaction
DNA amplification, viral culture, or immunofluorescence assay.

No. (%) of infants with

P carinii
Circumstance of death/autopsy results Total  f. sp. hominis® Virus® Coinfection
Unexpected death at home 87 45 (51.7) 9 (10.3) 7 (8.0)
Unremarkable autopsy (SIDS) 75 38 (50.6) 8 (10.6) 6 (8.0)
With an autopsy finding 12 7 (58.3) 1(8.3) 1(8.3)
Pneumonia® 7 5 1 1
Brain malformation 1 0 0 0
Congenital heart defect 2 1 0 0
Sepsis® 2 1 0 0
Hospital death 25 5 (20.0) 15 (60.0) 3(12.0)
Pneumonia® 25 5 15 3
NOTE. In cells where no percentage is given, data are no. of infants. SIDS, sudden infant death

syndrome.

@ P =.006, infants who died at home vs. those who died in the hospital; P = .01, diagnosis of SIDS vs.
pneumonia among infants who died in the hospital; and P was not significant for SIDS vs. an unexpected
autopsy finding among infants who infants died in the community (2-tailed Fisher's exact test for all
comparisons).

b P<.001, infants who died in the hospital vs. those who died at home; and P<.001, pneumonia vs.
SIDS (2-tailed Fisher's exact test).

¢ Detected as an unexpected finding by microscopic examination using hematoxylin-eosin stain.

4 Associated diagnoses in 11 infants included surgically operated tracheoesophageal fistula (n = 1), bron-
chopulmonary dysplasia (n = 3), bacterial meningitis (n = 1), trisomy 21 with associated ventricular septal
defect (n = 2), ventricular septal defect (n = 1), unspecified chronic lung damage (n = 1), unspecified genetic

defect (n = 1), and cerebral atrophy (n = 1).

Cysts of Pneumocystis were studied by use of microscopy
using Grocott-Gomori silver methenamine stain in 1 histolog-
ical lung section for each of the 87 infants who died in the
community; observers were unaware of PCR results. A speci-
men of tracheal secretion and 2 specimens of lung tissue, ob-
tained during autopsy using sterile equipment, were processed
for viral isolation and immunofluorescence assay (IFA) for re-
spiratory syncytial virus (RSV), adenovirus, influenza, parain-
fluenza, herpes simplex virus, and cytomegalovirus (CMV). Spec-
imens were inoculated (0.2 mL each) into HEp-2 cells, MDCK
cells, Vero cells, and human lung fibroblast diploid cells (CMV
shell vial) and were incubated at 37°C. Cultures were observed
for 10 days, and confirmatory IFAs were performed for cultures
with and without development of cytopathic effect, as described
elsewhere [8]. Two independent observers reported results sep-
arately. Viral identification in any specimen was considered to
be diagnostic.

STATA software (version 8.0; StataCorp) was used to test
whether Pneumocystis and viruses were associated with circum-
stance of death and autopsy diagnoses, by use of a 2-tailed
Fisher’s exact test. P<.05 was considered to be significant.

Results. The age range of 39 female and 48 male infants
who died unexpectedly at home was 20-366 days (mean, 87
days; median, 72 days). The age range of 9 female and 16 male
infants who died in the hospital was 17-330 days (mean, 147
days; median, 137 days).

Identification of Pneumocystis and viruses according to cir-
cumstance of death and autopsy diagnosis are listed in table 1.
Twelve of the infants who died in the community had an un-
expected autopsy finding. In none of the 7 infants with pneu-
monia diagnosed by histological examination was Prneumocystis
considered to be the etiological agent (table 1). Pneumonia was
the main clinical and autopsy diagnosis in 14 (56%) of the 25
infants who died in the hospital and was an associated diagnosis
in the remaining 11 infants (44%) (table 1). None of the infants
who died in the hospital received trimethoprim-sulfamethox-
azole, dapsone, atovaquone, pentamindine, azithromycin, or
other drugs with reported anti- Pneumocystis activity.

DNA of P. carinii f. sp. hominis was detected in 50 (44.6%)
of the 112 infants (28 male and 22 female). The incidence was
higher for infants 2—4 months old and was significantly more
frequent for infants <6 months old than those =6 months old
(P = .03). No particular seasonal pattern of distribution was
detected (figure 1).

A significantly higher incidence of Pneumocystisinfection was
found in infants who died in the community (45/87 [51.7%])
than in infants who died in the hospital (5/25 [20%]) (P =
.006) (table 1). For the 5 infants who died in the hospital and
who were positive for Pneumocystis DNA, the length of the
hospital stay was 0.3, 1, 12, 21, and 50 days, respectively; for
the 20 infants who died in the hospital and who were negative
for Pneumocystis DNA, the length of the hospital stay was 2—
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Figure 1.  Detection of Pneumocystis carinii f. sp. hominis DNA and
respiratory viruses in autopsy lung specimens from 112 Chilean infants,
according to age (top) and season when death occurred (bottom). Nos.
over the bars represent the no. of infants with Pneumocystis or viruses
and the total no. of infants examined for each age range or season.
Infants who died in the community (n = 87) and in the hospital (n =
25) are included.

180 days (mean, 27 days; median, 10 days). Each shared hospital
room holds 6 infant beds.

Among the infants who died in the community, cyst forms
grouped in clusters were seen, by use of microscopic examina-
tion, in specimens from 14 (31%) of the 45 infants who tested
positive for Pneumocystis DNA but were not seen in specimens
from the 42 infants who tested negative for Pneumocystis DNA
(P = .002). Single-round PCR results were positive in speci-
mens from 2 infants who had more frequent cysts visualized
by use of microscopy. Of the 5 infants who died in the com-
munity with unexpected pneumonia diagnosed by histological
examination and who tested positive by nested PCR for P.
carinii f. sp. hominis DNA, none tested positive by single-round
PCR. Cysts were visualized by microscopy in specimens from
2 of them (table 1). Specimens from infants who died in the
hospital were not examined with Grocott-Gomori stain.

Virus detection was similar at different ages and was more
frequent in winter and spring (figure 1). Viruses were identified
in 24 infants: 15 (60.0%) of the 25 infants who died in the
hospital and 9 (10.3%) of the 87 infants who died in the com-
munity (P<.001) (table 1). Viruses isolated from infants who

died in the community included RSV (n = 3), adenovirus (n
=2), echovirus (n = 2), parainfluenza (n = 1), and CMV
(n=3). Viruses isolated from infants who died in the hospital
were RSV (n = 8), adenovirus (n = 7), parainfluenza (n = 1),
and CMV (n = 1). Mixed viral infections were identified in 2
infants who died in the hospital (both had adenovirus plus
RSV) and in 2 infants who died in the community (1 had
adenovirus plus echovirus and 1 had parainfluenza virus plus
CMV). Pneumocystis was found to be associated with a virus
in 7 infants who died in the community (RSV [n = 3], CMV
[n = 2], adenovirus [n = 1], and echovirus [n = 1]) and in 3
infants who died in the hospital (adenovirus [n = 1], adeno-
virus plus RSV [n = 1], and CMV [n = 1]) (table 1).

Discussion. The present study has documented the pres-
ence of Pneumocystis DNA in the lungs of approximately half
(51.7%) of presumably immunocompetent infants who died un-
expectedly in the community in Santiago, Chile (table 1), thus
further suggesting that Pneumocystis is highly endemic among
infants and is not restricted to immunocompromised patients.
This result also supports the hypothesis that infants may play
an important role in the circulation of Pneumocystis organisms
as an infective reservoir for susceptible patients, as document-
ed in animal models [9]. The age distribution of Pneumocystis
infection seen in the present study, with a higher incidence at
age 2—4 months and decreasing incidences thereafter, suggests
that the primary infection occurs early in life [4, 7] and is
eliminated from the lungs of infants without establishing com-
mensalism or long-term latency, as shown in animal models
[11, 12] (figure 1).

The present results are consistent with those from our previ-
ous report in documenting that Pneumocystis infection was sig-
nificantly more frequent among infants who died unexpectedly
in the community than among infants whose parents request-
ed medical attention and who died in the hospital (table 1) [1].
This suggests that infection with Pneumocystis does not produce
overt disease among immunocompetent infants who die in the
community and supports the longstanding view that primary
infection is largely asymptomatic (table 1).

An association between Pneumocystis infection and the au-
topsy diagnosis of SIDS cannot be concluded from the present
study, because similar incidences of Pneumocystis infection were
detected in the 12 infants who had unexpected pathological
findings at autopsy who had died suddenly in the community
and in the 75 infants with diagnosis of SIDS. However, the role
of these findings in precipitating death was uncertain, and a
diagnostic finding of pneumonia in 7 of these infants was based
solely on inflammation detected by histological examination
(table 1). A recent histological study found no differences in
pulmonary inflammation in infants who died of either acci-
dental death or of SIDS [13]. Accordingly, the presence of his-
tological inflammation in infants in the present study does not




necessarily rule out SIDS. In addition, infants who died at the
hospital are not an ideal control group for SIDS, because their
deaths were not sudden. However, we must recall that they did
not receive drugs with known anti- Pneumocystis activity and that
their exposure to Pneumocystis in the hospital may have been
similar to that of infants who died in the community, because
they were hospitalized in rooms shared with other children.

The striking differences in clinical presentation and intensity
of the primary Pneumocystis infection between these infants
and immunocompromised hosts provide additional evidence
that clinical disease and pathogenesis mechanisms in Pneu-
mocystis infection are mostly host mediated [14, 15]. Effective
inflammatory responses are required to control P. carinii pneu-
monia (PCP), and the degree of respiratory impairment cor-
relates with the degree of lung inflammation [15]. Pathogene-
sis of the primary infection remains poorly understood, and
inflammatory responses with diffuse histological damage were
not detected in these infants by use of hematoxylin-eosin stain.
However, the interaction between immunocompetent infants
and Pneumocystis during primary infection generally leads to
elimination of Pneumocystis. Further study using sensitive tech-
nology might provide an explanation to this paradox [10].

Infection with respiratory viruses, which frequently causes
overt respiratory illness, was significantly more frequent among
infants who died in the hospital (table 1). The incidence of
virus detection in infants with SIDS in the present study (9/87
[10.3%]) is similar to or smaller than that in previous reports
[16]; these variations might reflect viral epidemics [16].

The present study may also suggest a seasonal distribution
for viruses that was not seen for Pneumocystis (figure 1). PCP
has been reported to occur more frequently in winter months.
However, the incidence of PCP might be influenced by envi-
ronmental conditions and by the number of susceptible immu-
nocompromised patients. Rabbit models of spontaneous primary
infection reveal that Pneumocystis DNA may be detected over
several weeks and thus make a seasonal pattern of transmissible
respiratory infection less apparent [17].

The present study has shown that autopsy diagnosis of pri-
mary Preumocystis infection requires the use of highly sensi-
tive tools. Although single-round PCR is adequate to diagnose
PCP in immunocompromised patients [18], it is not sensitive
enough to detect primary infection and is even less sensitive
than careful microscopy using Grocott-Gomori stain.

The visualization of cysts grouped in few clusters in 31%
(14/45) of Pneumocystis DNA—positive specimens documents
the mild nature of primary infection and the greater sensitivity
of nested PCR and suggests the presence of an active infection.
This greater sensitivity is also reflected in the higher incidence
of Pneumocystis infection in infants in the present study, com-
pared with that obtained stochastically with stains in previous
microscopy series [1, 2].

Nested PCR does not offer advantages over traditional mi-
croscopy and is less specific than single-round PCR in detecting
clinical PCP in immunocompromised patients [18]. However,
nested PCR permits the identification of asymptomatic infec-
tions or carrier states in less immunocompromised or immu-
nocompetent individuals [7, 19].

Histological documentation of few Preumocystis cysts in the
present study suggests that a positive nested PCR result in a
lung specimen from an immunocompetent individual indicates
a mild pulmonary infection and not merely the presence of
Pneumocystis DNA. Furthermore, trophozoites, which are 5—
10 times more numerous than cysts, are not detected by Gro-
cott-Gomori stain.

Therefore, when the characteristic mild histological pattern
of the primary infection by Pneumocystis makes histological
readings very laborious, nested PCR in fresh-frozen lung spec-
imens should be preferred over Grocott-Gomori stain in for-
malin-fixed, paraffin-embedded tissue sections as a screening
method for autopsy diagnosis. Additional epidemiological au-
topsy studies from other sites and studies of subclinical path-
ogenic mechanisms to document whether Pneumocystis infec-
tion plays a role in sudden-onset, unexpected deaths at home
in infants are warranted.
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