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ABSTRACT: Cyst forms of the opportunistic
fungal parasite Pneumocystis carinii were
found in the lungs of 34% of the desert shrew,
Notiosorex crawfordi (n 5 59), 13% of the or-
nate shrew, Sorex ornatus (n 5 55), 6% of the
dusky-footed wood rat, Neotoma fuscipes (n 5
16), 2.5% of the California meadow vole, Mi-
crotus californicus (n 5 40), and 50% of the
California pocket mouse, Chaetodipus califor-
nicus (n 5 2) caught from southern California
between February 1998 and February 2000.
Cysts were not found in any of the harvest
mouse, Reithrodontomys megalotis (n 5 21),
California mouse, Peromyscus californicus (n 5
20), brush mouse, Peromyscus boylii (n 5 7) or
deer mouse, Peromyscus maniculatus (n 5 4)
examined. All infections were mild; extrapul-
monary infections were not observed. Other
lung parasites detected were Hepatozoon sp./
spp. from M. californicus and Notiosorex craw-
fordi, Chrysosporium sp. (Emmonsia) from M.
californicus, and a nematode from S. ornatus.

Key words: Lung parasites, pneumocysto-
sis, rodents, shrews.

Pneumocystis carinii is an opportunistic
pulmonary pathogen capable of causing fa-
tal pneumonia in immunocompromised
hosts. The antigenic and genetic diversity
observed among organisms infecting dif-
ferent hosts (Gigliotti et al., 1993; Wake-
field et al., 1992) suggests that each spe-
cies may be infected with one or more dis-
tinct strains (or species) of P. carinii. The
transmission of this fungus is known to be
airborne (Hughes, 1982), but the infective
form has not yet been identified. Results
of a recent study (Kaneshiro and Maiora-
no, 1996) indicate that the fungus has a
dormant form that remains infective out-
side the mammalian host for at least sev-
eral months. In Europe, P. carinii has been
reported to be more common in shrews
than in sympatric rodents (Laakkonen,
1998) but in a previous survey of shrews
from North America P. carinii was not de-
tected in any of the three shrew species

examined from Pennsylvania (USA) (Laak-
konen et al., 1997). Although characteriza-
tion of P. carinii infection in wild animal
populations may help to elucidate the life
cycle and transmission of this elusive or-
ganism, information on the occurrence
and nature of the infection in wild mam-
mals is still scarce, especially from Africa,
Australia and North America (Laakkonen,
1998). The purpose of this study was to
investigate the occurrence of P. carinii
cysts in small mammals in southern Cali-
fornia (USA).

The animals were caught with arrays of
20 l plastic buckets used to capture reptiles
for a long-term reptile monitoring project
(Fisher and Case, 2000; Case and Fisher,
2000) in several localities (between 328559N,
1178139W and 338869N, 1178199W) in San
Diego and Riverside counties (California)
during several trapping periods between
February and May in 1998 and 1999, and
in February 2000. The main habitat types of
the study areas are coastal sage scrub and
chaparral (Fisher and Case, 2000; Case and
Fisher, 2000). After recording the species,
sex and age of the animals, live animals were
released, and those found dead were frozen
until necropsy in spring 2000 (for species
and number of animals examined see Table
1). About 50% of shrews caught died in
traps but more than 90% of rodents
trapped were released alive. All species
caught were also represented in the ma-
terial examined for this study. No animals
were sacrificed for this study because
many of the mammal species caught are
listed as an endangered or threatened in
California. Since many more shrews died
in pitfalls than rodents, a few animals
found dead in Sherman traps of a separate
rodent monitoring study in the same areas
were analyzed in this study in an effort to
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TABLE 1. Occurrence of Pneumocystis carinii in trapped wild small mammals in southern California from
1998 to 2000 (Pooled data from all study areas arranged according to the subfamily of the host species).

Host species
Number
infected

Number
examined %

P versus
Notiosorex

Soricinae
Ornate shrew
Desert shrew
Arvicolinae
California meadow vole
Sigmodoninae

Sorex ornatus
Notiosorex crawfordi

Microtus californicus

7
20

1

55
59

40

13
34

2.5

0.008

,0.001

Harvest mouse
Dusky-footed wood rat
California mouse
Brush mouse
Deer mouse
Perognathinae
California pocket mouse

Reithrodontomys megalotis
Neotoma fuscipes
Peromyscus californicus
Peromyscus boylii
Peromyscus maniculatus

Chaetodipus californicus

0
1
0
0
0

1

21
16
20

7
4

2

0
6
0
0
0

50

0.002
0.03
0.003
NTa

NTa

NTa

a NT 5 not tested due to the small sample size.

increase the sample size of rodents. On
necropsy pieces of lung, heart, liver, spleen
and kidney were fixed in 10% buffered
formalin to produce standard histological
sections which were stained with
hematoxylin-eosin (H&E) and Grocott’s
modification of Gomori’s methenamine sil-
ver (GMS; Grocott, 1955). The slides were
examined by a light microscope at 4003
and 10003. The size of the parasites found
was measured with an ocular micrometer.
The intensity of infection was measured as
cysts found per lung sections (for details
see Laakkonen and Soveri, 1995). Chi-
square tests were used to analyze the in-
terspecific differences in parasite occur-
rence, and differences between age and
sex groups. Statistixt for Windows statis-
tical software package (Analytical Soft-
ware, Tallahassee, Florida, USA) was used
in all analyses.

All animals examined were normal on
gross pathologic examination. Cyst forms
of P. carinii were found only in the lungs
of the infected hosts. The cysts were of an
oval form with a ‘‘parenthesis-like’’ thick-
ening of the cyst wall similar to those seen
in other wild mammal species (Laakkonen
and Sukura, 1997). The diameter of the
cysts varied between 3.5 and 3.9 mm (X̄ 6
SE 5 3.7 6 0.03 mm). No histopathologi-
cal changes were seen around the cysts. A

GMS-stained lung section sample was de-
posited in the U.S. National Parasite Col-
lection (Beltsville, Maryland, USA;
USNPC No. 90033).

The percentage of individuals of each
species found dead in traps that had cysts
of P. carinii in their lungs is shown in Ta-
ble 1 (Pooled data from all study areas).
The percentage positive was significantly
higher in Notiosorex crawfordi than in the
other small mammals examined (Table 1).
None of the other interspecific differences
in the percentage of infected animals were
significant (not shown). There was no dif-
ference in the percentage positive be-
tween study areas, or between sexes and
age groups in either shrew species (not
shown).

Of the 20 infected N. crawfordi, six had
more than 20, and three had over 50 cysts
per lung section. Of the seven infected So-
rex ornatus, four had more than 20 cysts
per lung section. The rest of the infected
shrews, and the three infected rodents had
less than 20 cysts per lung section.

As in previous studies with Palearctic
small mammal communities (Laakkonen,
1998; but see also Laakkonen et al., 1997)
the prevalence of P. carinii was signifi-
cantly higher in one shrew species com-
pared to other sympatric shrew or rodent
species. We consider it unlikely that the
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sample in this study was biased due to
mainly infected shrews dying overnight in
traps. Shrews are well known to die easily
in any kind of trap even without any ap-
parent infection or disease and if such a
bias existed, it would show up in the ro-
dents as well. Furthermore, P. carinii cysts
are commonly found also in live caught
shrews but rarely found in live-trapped ro-
dents elsewhere (Laakkonen, 1995, 1998).

The reasons for the similar interspecific
differences observed in this and previous
studies elsewhere are not known. The high
metabolic rate of Sorex spp. shrews, which
may be suspected to lead to energy con-
straints, has previously been suggested
(Laakkonen, 1998) to be a possible factor
contributing to the high prevalence of P.
carinii in Sorex araneus. The metabolic
rate of N. crawfordii, however, is lower
than that of S. ornatus and other Sorex
spp. shrews (Taylor, 1998), suggesting that
factors other than the high metabolic rate,
may be more important in contributing to
the observed interspecific differences at
least between different shrew species. A
previous study indicates (Bishop et al.,
1997) that P. carinii from one shrew spe-
cies is genetically distinct from isolates of
other shrew (and small mammal) species.
Host specific differences in infectivity and
pathogenicity between the isolates may be
a reason for the observed interspecific dif-
ferences in the prevalence of P. carinii. It
is of interest that P. carinii seems to be
more prevalent among shrews than ro-
dents (Table 1, Shiota et al., 1986; Laak-
konen, 1998) in all geographic areas stud-
ied so far despite significant differences in
habitats of these areas. This would indicate
that the occurrence and transmission of P.
carinii is not related to any particular hab-
itat.

The percentage of P. carinii infected
shrews found in this study were similar to
those (usually between 15 to 50%) found
in Palearctic shrews (Laakkonen, 1998).
Among shrews, the percentage of infected
was higher in N. crawfordi than S. ornatus.

The reason for this difference is not
known.

Results of a previous study (Laakkonen
et al., 1999) indicate that there is seasonal
variation in P. carinii infections both in
shrews and rodents. It was not possible to
study possible seasonal variation in this
study because very few animals were
caught during the hot months during sum-
mer and fall.

The percentage of infected animals re-
corded using the histological diagnostic
method are likely to be underestimates
(Laakkonen and Sukura, 1997). We chose
to use this method, however, because it al-
lows accurate comparisons both in per-
centage infected and intensity of the in-
fection between the previous studies done
with the same method in different geo-
graphic areas (see Laakkonen, 1998). Also,
several immunohistochemical stains differ-
ing in developmental-form specificity are
commercially available, but due to the an-
tigenic differences between P. carinii orig-
inating from various host species, com-
mercial immunofluorescence kits may pro-
duce false-negative results (Laakkonen
and Sukura, 1997).

The intensity of the infections was sim-
ilar to those seen in previous studies in
shrews (Laakkonen, 1998). None of the
animals were heavily infected or apparent-
ly ill, and none of the species showed any
extrapulmonary dissemination or histo-
pathological changes typical for P. carinii
pneumonia. It is not known from this or
other studies, whether such mild P. carinii
infections are harmful to their hosts. At
least in voles, such infections do not easily
develop into a clinical disease (Laakkonen
et al., 1995). The present knowledge on
the occurrence of different species/strains
of P. carinii in various host species (Wake-
field et al., 1992; Gigliotti et al., 1993) in-
dicates that P. carinii is not a zoonosis.

Of the other lung parasites, schizonts of
Hepatozoon sp. were detected in three Mi-
crotus californicus (Voucher specimen,
USNPC No. 90030) and one N. crawfordi,
Chrysosporium (Emmonsia) sp. in two M.
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californicus (USNPC No. 90031), and a
nematode from one S. ornatus (USNPC
No. 90032). Schizonts of Hepatozoon spp.
and adiaspores of Chrysosporium spp. are
common findings in many small mammal
species but have rarely been found in
small mammals from the western part of
the USA (Jellison, 1969; Smith, 1996).
Lung nematodes of shrews from North
America have previously been reported
from Michigan (Ash, 1967) and Pennsyl-
vania (Laakkonen et al., 1997).
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