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ABSTRACT: Pneumocystis carinhi (PC) is an

opportunistic pathogen which causes clinical

disease in immunocompromised hosts. Three dif-
ferent staining protocols were employed to de-
tect this organism in lung samples of corticoste-

roid treated voles in order to discover a suitable

method for large-scale screening. The proce-
dures employed were: Crocotts methenamine

silver (GMS)-stained paraffin sections, toluidine

blue 0-stained impression smears, and methe-
namine-silver-stained frozen sections. GMS-
stained paraffin sections were relatively easy to

interpret and gave more positive results than

the other methods. It seemed to be the satisfac-
tory method for large-scale population analyses.
An unexpected result was that methylpredniso-
lone treatment did not induce in voles a simi-
larly fatal pneumocystosis infection as occurred
in rats. All infections found in voles were mild.
This might be due to species-dependent differ-
ences in metabolizing methylprednisolone.

Key words: Pneumocystis carinii, immu-
nosuppression, corticosteroid, Clethrionomys
spp., Grocotts methenamine silver, Toluidine

blue 0, voles.

In many regions, microtine rodents

(voles and lemmings) undergo wide pop-

ulation fluctuations, often called cycles.

These fluctuations are especially promi-

nent in northern Fennoscandia (Hentto-

nen et al., 1987; Hansson and Henttonen,

1988). No general agreement yet exists on

the causes of the population crashes in the

cycles, even though predation (Hansson

and Henttonen, 1988; Korpim#{227}ki and

Norrdahl, 1989) and diseases, probably in-

teractive with nutritive factors (Hansson

and Henttonen, 1988) have been recently

emphasized. Pneumocystis carinii is a well

known opportunistic pathogen in immu-

nological disorders. The epidemiology of

pneumocystosis as a possible indicator of

immunosuppression, or even as the cause

of death, could therefore aid in differen-

tiating among the factors mentioned above.

In addition, in Central Europe, human ep-

idemics of P. carinii have been reported

to coincide with high-density phases of vole

populations in the 1960’s (Kucera, 1967).

To get basic data on the occurrence of P.

carinii in voles, we used in this study sim-

ilar methylprednisolone im m unosuppres-

sion in voles as has been done in experi-

mental works using rats.

The most specific and also very sensitive

methods for identification of P. carinii are

immunohistochemical (Sundberg et al.,

1989; Elvin et al., 1988; Midgley et al.,

1989), but P. carinii obtained from dif-

ferent species are not necessarily antigen-

ically identical (Graves, 1989). Therefore,

conventional histochemical techniques are

also needed until the specificity of the an-

tibodies to the organism from studied host

species has been checked. None of the his-

tochemical stainings used are specific to P.

carinii; a variety of fungi and protozoa

could stain as well, and morphologically

they may be confusingly alike (Sundberg

et al., 1989).

In this study, Grocotts methenamine sil-

ver (GMS)-stained paraffin sections, tolu-

idine blue 0-stained impression smears,

and methenamine-silver-stained frozen

sections are compared for their suitability

for population samples screening.

Twenty-six bank voles (Clethrionomys

glareolus) (11 males and 15 females), and

27 grey-sided voles (Clethrionomys ru-

focanus) (14 males and 13 females) were

used in the experiment. Bank voles were

trapped at Heinola (26#{176}02’N, 61#{176}14’E) in

southern Finland in January 1989. Grey-

sided voles were raised in the animal sta-

bles of the Department of Zoology, Uni-

versity of Helsinki (Helsinki, Finland),

where the colony, originally from Pallas-

j#{227}rvi,Lapland (68#{176}03’N, 24#{176}09’E), has been

maintained for several years. In our study
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the animals were housed in ordinary open-

top cages with one male and female to-

gether when available. Different species

were kept in separate buildings.

At the beginning of the experiment an-

imals were divided into five groups for

each species. After an acclimatization pe-

nod of 20 days animals were put on a 6%

protein diet and placed on the immuno-

suppression regimen of 0.4 mg of meth-

ylprednisolone injected subcutaneously

once a week (DepoMedrol#{174}, The Upjohn

Company, Kalamazoo, Michigan, 49001,

USA). Water was provided ad libitum, and

the voles were regularly weighed. After 0,

1 , 3, 8 and 20 weeks following initiation

of immunosuppression, the animals were

euthanized with ether. If an animal died

spontaneously it was considered as being

a member of the previous time-group.

Impression smears were prepared by

touching a section of the left caudal lobe

of the lung to a microscope slide. The im-

prints were air-dried, fixed in acetone-

methanol (1:1) and stained with toluidine

blue 0 (Settnes and Larsen, 1979).

Samples for frozen sections were taken

close to the site of origin of the touch im-

print. Sections approximately 10 �sm thick

were cut and stained, using a modification

of methenamine-silver-staining with no

counterstaining.

For the paraffin method a lung sample

from each left lobe was fixed in neutral

buffered formalin (10%). Fixed tissue was

dehydrated, embedded in paraffin, and

sectioned at 5 �sm and then stained with

GMS according to Grocott (1955) with 1

hr incubation time in methenamine-silver

solution. The slides were coded and stud-

ied blind.

A sample was considered P. carinii-pos-

itive if at least two P. carinii cysts were

found. An animal was positive in the par-

allel test result if any of the employed

stainings of its tissues were positive. If all

stainings were positive, the animal was

positive also in the series result. Efficiency

of each staining was determined by using

the parallel result as the reference.

TABLE 1. Number of positive voles in different

stainings and time groups, 1 and 3, and 8 and 20

weeks pooled together.

paral-
imp’ cyro’ GMS� lel’ series’

pos pos pos pos pos n

0 week

C.gla’ 0 0 0 0 0 4

C.ruf’ 1 0 3 3 0 6

subtotal 1 0 3 3 0 10

1 + 3 weeks

C.gla 2 1 2 2 1 12

C.ruf 1 1 3 5 0 12

subtotal 3 2 5 7 1 24

8 + 20 weeks

C.gla 6 3 4 6 3 10

C.ruf 2 2 2 3 1 9

subtotal 8 5 6 9 4 19

Total

C.gla 8 4 6 8 4 26

C.ruf 4 3 8 11 1 27

Total 12 7 14 19 5 53

. imp, toluidine blue 0 stained touch imprint; cryo, methe-

namine silver stained frozen section; GMS, Grocotts methe-

namine silver stained paraffin section; Parallel, an animal

had at least one positive staining result; series, an animal had

the positive result in all three stainings; n, number of studied

animals in each group; C. gla, Clethrionomys glareolus; C.
ruf, Clethrlonomys rufocanus.

All positive voles had mild infections,

with no severe or lethal pneumocystosis

being found. In the positive samples only

a few cysts could be seen on individual

microscopic fields. No interspecific differ-

ence appeared (pooled data with parallel

results, x2 = 0.57, P = 0.45), nor any clear

trends during the course of the experiment

in P. carinii prevalence (species combined

data with parallel results, weeks 1 + 3

against weeks 8 + 20, x2 = 1 .5, P = 0.22)

(Table 1). Thus, corticosteroid treatment

failed to cause fatal or severe pneumocys-

tosis in voles.

Because neither of the species was in

contact with other animals in the labora-

tory, it is therefore likely that both bank

voles and grey-sided voles originated from

populations endemically infected with P.

carinii.

GMS-stained paraffin sections showed
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QUEENER, AND J. W. SMITH. 1987. Sources of

positive results most frequently (74% of the

positive parallel results). The toluidine blue

0-stained touch imprint method was the

next most frequently positive (63% of the

parallel results) , whereas methenanine-sil-

ver-staining of frozen sections was clearly

less efficient (37%) than the two other pro-

cedures. Paraffin and frozen sections could

be examined equally rapidly, but the to-

luidine blue 0-stained touch imprint was

more time-consuming because of a larger

sample area. In contrast, toluidine blue was

the most rapid staining procedure.

GMS-staining is time-consuming, com-

pared to many other staining methods

(Moas et al., 1989; Woosley, 1989). How-

ever, the major advantage of the GMS

method is its outstanding contrast between

P. carinii and the host tissue, which makes

identification of cysts easier and, therefore,

large-scale screening relatively fast. A

practical feature is that routine formalin-

fixed material from the field can also be

used for P. carinii analyses.

In all groups, animals lost weight in the

beginning of the experimental period (Fig.

1). Compared to weight-losses in rats on a

normal commercial diet and on methyl-

prednisolone im m unosuppression (Sukura

et a!., 1991), relative weight-loss in our
voles was less impressive. Furthermore, the

voles partly recovered from their weight-

loss in 20 weeks. Clethrionomys voles are

very sensitive to increasing daylight (T#{227}h-

k#{227}et al., 1984), and therefore weight-gain

could be due to increasing light in spring

when these animals start to mature. The

smaller weight-loss in voles when com-

pared to rats could be due to the catabolic

effect of methylprednisolone on voles be-

ing less than on rats.

The most unexpected result of our study

was the finding that methylprednisolone

treatment, which induces pneumocystosis-

infections in rodents of other families (rats

and mouse) (Hughes, 1989; Walzer et al.,

1989), failed to induce severe pneumo-

cystosis in our voles. Bartlett et a!. (1987)

suggest that immunosuppression of rats

from a virus-free colony did not induce

Weight (g)

Treatment periods (week)

FIGURE 1. Weight dynamics of voles infected with

Pneumocystls carinii in different treatment groups.

Average weight of the Clethrlonomys glareolus in

the beginning (U) and at the end (D) of each treat-

ment period. Average weight of the C. rufocanus in

the beginning (0) and at the end (U) of each treat-

ment period. (*) Difference in weight is statistically

significant (paired t-test, P < 0.05).

pneumocystosis, but in their study none of

the animals showed any detectable organ-

isms, probably due to the absence of the

infective forms in the laboratory environ-

ment. In our vole material, light infections

occurred regularly, but we found neither

clinical disease nor lungs full of cysts, as

in immunosuppressed rats. The reason for

this difference between murid and micro-

tine rodents could be a weaker immuno-

suppressive effect of methylprednisolone

on voles than on rats, perhaps due to dif-

ferences in metabolizing methylpredni-

solone. Specific measurements of the ef-

fects of methylprednisolone on the

immunostatus of voles, as well as investi-

gations on the pharmacology of the com-

pound in voles should be carried out.
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