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Examination was made of WBC (white blood cells) count and the
percentage and absolute contents of the different forms of leukocytes
in 369 individuals of Sorex araneus Linnaeus, 1758, and 28 representa-
tives of Sorex minutus Linnaeus, 1776. Minimum WBC count occurs in
young adults of S. araneus in January-February: 0.85>X10%ul, maximum
value in young adults in July: 3.14X10%ul. In young adults of S.
minutus in autumn WBC value is 1.10X10%ul, and in old adults in
spring 0.97X10%ul. WBC counts are thus very low in shrews. When
S. araneus and S. minutus were compared it was found that the smaller
mean body weight of S. minutus corresponded to the lower WBC value
and greater RBC (red blood cells) counts. WBC count falls in S. araneus
from the maximum values in young adults in summer to a minimum
during the winter and increases again slightly in old adulls in spring,
and thus the seasonal and age tendencies of variations in number of
WECs and RBCs are reversed. The percentage of lymphocytes is higher
in young adults than in old adults, this form of leukocyte predomi-
nating in both these groups. Conversely, the percentage of neutrophils
is higher in old adults. The juvenile forms of granulocytes occur in
the peripheral blood of shrews, their numkters reaching a peak during
the autumn-winter months.

[Mammals Res, Inst, Polish Acad. Sei., 17-230 Bialowieza, Poland].

1. INTRODUCTION

There are no data in hematological literature on the leukocyte system
in mammals of the genus Sorex. Indices given for other insectivorous
animals include the hedgehog Erinaceus europeeus (Suomalainen, 1953,
Bidrck et al.,, 1956, Keki¢ & Mladjenovi¢, 1969, Keki¢, 1970), and from
the Soricidae family there are very fragmentary data on the Indian
musk shrew Suncus murinus, given by Balakrishnan et al. (1974). Shrews
of the genus Sorex, which are amongst the smallest mammals, and in
addition do not hibernate, are characterized by specific histological struc-
ture of the hematopoietic tissue (Perkowska, 1963) and very marked
erythrocytosis (high RBC and Hct values), particularly in winter (Wolk,
1974). In the present study results are given of studies on the leukocyte
system in the common shrew Sorex araneus Linnaeus, 1758, and the
pigmy shrew Sorex minutus Linnaeus, 1776.
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2. MATERIAL AND METHODS

Studies were made of 369 individuals of Sorex araneus, 12 of which were young
nestlings, and of 28 representatives of Sorex minutus. The animals were segregated
into young and old adults, depending on the appearance of the coat, degree of
wear of the teeth and degree of development of the gonads. All the shrews
examined were caught in the Bialowieza Primeval Forest and were the same
individuals as those used for studies on erythrocyte indices (Wolk, 1974). The
shrews were caught in every month of the year over the course of their life
cycle,

Blood samples were taken from the jugular vein between 8.30 and 11.00 a.m.
from animals anaesthetized with ether. Leukocytes (WBC) were counted in a Biirker
chamber. The percentage of the various forms of leukocytes was determined from
blood smears stained by the Pappenheim method, on the basis of microscopic
vbservation of 100 cells in each preparation. A smaller number, from 50—100 cells,
was examined only in 26 individuals in which WBC value was very low. The
absolute numbers of the various forms of leukocytes per 1 pl and the ratio of
lymphocytes to neutrophils (L/N) were then calculated. In S. minutus the small
amount of blood did not always make it possible to indentify all indices in each
animal. In order to compare mean WBC counts from monthly samples over the
shrews’ life cycle variance analysis and a new multiple range test were used.
The total number of different forms of leukocytes was compared by the t - test
for two independent groups, and the percentage composition of leukocytes between
groups of young and old adults was compared by means of the t - test for per-
centage values,

3. RESULTS AND DISCUSSION
3.1, Nest Period

The possibility of hematological studies on young shrews still living in
nests are very limited, on account of the small body dimensions of these
animals. The body weight of the shrews examined varied from 0.398 g
on the first day of liie\ to 4.850 g on the ninth day. On the eighth day of
nest life the number of WBC was 0.833X10%ul, and thus 13 days before
leaving the nest the number of leukocytes was more than three times
lower than during the first month of life outside the nest. The leukocyte
formula during the first nine days of the shrew’s life (Table 1) differs
distinctly from the picture observed in these mammals during the period
after leaving the nest (Table 2). The WBC picture is decidedly lymphocy-
tic, the L/N index high, far higher than after leaving the nest. A striking
feature is the absence of eosinophils and monocytes, and the relatively
frequent occurrence of basophils, which very rarely occur in adult
shrews. There is a high percentage of the juvenile forms of granulocytes,
as is the case in young adults during the winter months.
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3.2. Seasonal and Age Changes

Variations in the total number of leukocytes in 1 pl of blood in the
common shrew during the period after leaving the nest and over the
seasonal-age cycle are shown in Fig. 1 and Table 2. WBC count in very
voung shrews increases from June to attain a maximum in July (3.14X
X 10%, and next as from August decreases to a minimal level (0.85X10%

Table 1

Total number and the percentage of different forms
of leukocytes in the blood of the nestlings of S. araneus.

Age, days

1 3 5 8 9
WBCX10%ul fe = Lo B38E0.28T —
Lymphocytes, % 87.5 . 905352 0 - 86
Monocytes, %o 0 0 0 — 0
Juvenile granulocytes, %o 0 5.7512.9 7 - 6.5
Neutrophils, %o 11.0 3.5+2.3 2 — 5
Eosinophils, % 0 0 0 — 0
Basophils, % 155 0.25%0.5 1 — 25
L/N 79 25.9 45 —_ 17.2
N 2 4 1 3 2

during the winter months. In old adults as from April WBC value rises
but does not reach the maximum level found in young shrews in July.
The most striking feature of WBC in shrews is the small number of
leukocytes in peripheral blood, lower than the corresponding values of
this index in such rodents as the bank vole, common vole, or root vole.
In 25 sexually active old adults of Sicista betulina, however, similar in
body weight to shrews, WBC count is on an average 1.75X10%ul (author’s
own data) and thus the values are very similar. In a tropical species of
Soricinae, the Indian musk shrew, as many as 15.22<X10* leukocytes were
found in 1 ul of blood (Balakrishnan et al., 1974). For the hedgehog in
its hibernating state WBC count is 3.59X10% and the maximum value
of this index (8.78X10% occurs in autumn (Keki¢, 1970). Only 0.83X
*10%ul leukocytes were found in the blood of hedgehogs in a state of
artificial euthermia during the winter period (Keki¢ & Mladjenovic,
1969). It may therefore be assumed that such distinet “leukopenia” in
shrews in winter is connected with the absence of winter sleep in these
mammals.

Comparison of variation curves of RBC (Wolk, 1974) and WBC over

the seasonal-age cycle of common shrews would appear very interesting
(Fig. 1). From June to August they follow an almost ideally parallel
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course: in very young animals during the first weeks of life the number
of cell elements increases in peripheral blood, but declines in August,
probably as the result of the entry into the population of young shrews
from the second litter. These curves next separate, since RBC count
increases to a maximum in January-February, and WBC count regularly
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Fig, 1. Seasonal and age changes of total (WBC) and differential number of leu-
kocytes and total number of erythrocytes (RBC) in the blood of S. araneus.

decreases during the same period. In old adults in spring reverse ten-
dencies also occur: reduction in RBC and increase in WBC. It would
therefore appear that there is a distinct complementary relation between
these two values. The intensified thermoregulation of shrews in winter,
connected with intensive gas exchange requires so great a number of
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p<<.001). The number of neutrophils, high in young shrews in June,
July and August, decreases during the period from August to September
(.002<p<<.005), is maintained on a low level up to March, then rises in
old adults (differences between January-February and May are signifi-
cant, p<<.001) (Fig. 1). The absolute numbers of the other forms of
leukocytes do not significantly alter over the seasonal-age cycle of
shrews.

When three values in the genus Sorex are considered, i.e. body weight,
RBCs and WBCs, it can be seen that the lesser mean body weight in
Sorex minutus corresponds to the greater number of RBC and smaller
number of WBC in 1 pl of blood, than is the case with Sorex araneus
(Fig. 3). It would seem, in the light of what is known of hematological
indices in mammals of different body weights, that this is a general ten-
dency.

RBC* 10/l
25
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WBCx 10/l
20 S.araneus m2-0
15 H1.5
10 H1.0
5 H0.5
10 T T e M TR

Sody weight, g

Fig. 3. Relation between average body weight of two species of Sorex and RBC
and WBC counts. Samples from May and June (old adults).

The percentage of the differential forms of leukocytes in S. araneus
and S. minutus is given in Tables 2 and 3. When comparing young and
old adults of the common shrew (Fig. 4) it can be seen that in young
animals the percentage of lymphocytes is higher than in old adults (0.2<<
<p<<.05), although in both groups they are the dominating form. The
percentage of neutrophils is correspondingly higher in old adults (.01<C
Ip<<.02). The effect of this is the difference in L/N index, the value
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being significantly higher in young shrews (.001<<p<C.002). The other
forms of leukocytes, however, do not differ significantly in these two age
groups. The difference in the percentage composition of leukocytes in
young and old adults of S. minutus is similar (Table 2). The lymphocyte
profile of the hemogram is characteristic of small mammals. In Suncus
murinus viridescens, however a high percentage of neutrophils was found
(64.7%0) and a far lower percentage of lymphocytes (17.8%0), with a re-
latively high percentage of the other forms of leukocytes (Balakrishnan
et al., 1974), which in the genus Sorex occur in negligible amounts.

Young adults Old adults

Lymphocytes

Lymphocytes

[Eosinophils
Juvenile granulocytes

Fig. 4. Comparison of the percentage of different forms of leukocytes in the blood
of young adult and old adult shrews, S. araneus.

A characteristic feature of the leukocytic hemogram of peripheral
blood in shrews is the occurrence of the juvenile forms of granulocytes,
beginning with myeloblasts, through promyelocytes, myelocytes, meta-
myelocytes and the most numerous non-segmented forms. With the
exception of a small number of the latter, juvenile granulocytes in mam-
mals in the normal physiological state do not exceed the medullary
barrier, and the occurrence of a large number of granulocytes precursors
in peripheral blood takes place in neoplastic disorders of the hematopoi-
etic system. In a natural population of common shrews juvenile gra-
nulocytes forms, in extreme cases in different individuals, as much as
70%0 of all forms of leukocytes. In young adults there are two peaks in
the mean percentage contents of juvenile granulocytes — in autumn
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Table 3

Total number and the percentage of different forms of leukocytes in
the blood of seasonal and age groups of S. minutus (mean values and
S. D. are given).

Young adult, Young adult, Old adult,

Autumn Winter Spring
WBCX103/ul (N) 1.10% 0.08 (3) - 0.97f 0.31 (5)
Lymphocytes, % 53.9 +16.9 4551231 29.7 + 9.9
cells/ul 656.7 £71.0 — —_
Monocytes, % 02 * 08 0 0
cells/ul 8.0 $11.3 e -—
Juv. granulocytes, % 19.0 *18.4 21,7278 325 1204
cells/pl 128.3 +27.2 — g
Neutrophils, % 215 + 95 28.5+13.6 345 175
cells/pl 218.3 *11.1 — —_
Eosinophils, % 52 + 33 4.3t 2.9 33 & 23
cells/ul 84.7 +20.4 — -
Basophils, % 0.1 £ 0.3 0 0
cells/pl 4.0 * 5.6 — —
L/N 1 o 19+ 15 13:E.10
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Fig. 5. WBC count, per cent of juvenile granulocytes and per cent of common
shrew individuals possessed of juvenile granulocytes in the seasonal-age cycle
of S. araneus.
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(Oct.) and in winter (Jan. — Febr.), but in the case of old adults the
period is August-September (Fig. 5). The percentage of individuals in
which juvenile granulocytes were found is similarly highest in October
in young shrews and in August-September in old adults (Fig. 5). The
autumn-winter peak may be explained as due to overburdening of the
hematopoietic system by intensified production of erythrocytes during
this period of the shrews’ life, and in consequence in failure to maintain
the rate of granulocyte maturation. The autumn peak in old adults is
more difficult to explain. It may be induced by increased mobilization
of granulocytes connected with senile changes.

Shrews are thus characterized by low WBC count which is probably
connected with their extremely small body dimensions, and with the
great number of erythrocytes, and thus with the necessity for maintaining
equilibrium between the numbers of morphotic elements of peripheral
blood. Tendencies to variation in the number of WBCs and RBCs
are opposite to each other in shrews and the minimum WBC count
occurs during the winter months of January-February, when RBC value
reaches a maximum. The blood profile is lymphocytic; the younger the
shrews, the greater the percentage of lymphocytes. L/N index is signi-
ficantly higher in young adults than in old adults. A characteristic
feature of the leukocyte system in shrews is the occurrence of juvenile
granulocytes, mainly metamyelocytes and nonsegmented granulocytes.
The autumn-winter maximum intensification of these changes is pro-
bably due to the hematopoietic system being overburdened by very high
erythrocytosis.
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SEZONOWE I WIEKOWE ZMIANY WSKAZNIKOW LEUKOCYTOWYCH
U RYJOWEK

Streszczenie

Zbadano liczbe leukocytow w 1 pl krwi obwodowej (WBC) oraz procentowg
i bezwzgledng zawarto§é¢ poszezegoélnych form leukocytow u 369 osobnikow Sorex
araneus Linnaeus, 1758 (w tym u 12 miodych z okresu gniazdowego) i 28 przed-
stawicieli Sorex minutus Linnaeus, 1776.

Stwierdzono, Ze u obu tych gatunkéw ryjowek liczba leukocytéow w 1 pl krwi
jest niska. U 8. araneus maksymalna wartos¢ WBC wynosi 3.14X10%/pl, minimalna
0.85X10%ul, u S, minutus maksymalna warto§¢é 1.10X10%ul, minimalna
0.97X10%pul, (Tabela 2 i 3). Warto§¢ WBC u miodych ryjéwek aksamitnych, po-
czynajac od okresu gniazdowego (Tabela 1), rosnie, osiggajac maksimum w lipcu,
od sierpnia spada do minimum w styczniu—lutym i ponownie wzrasta u prze-
zimkow od kwietnia poczawszy, nie osiggajac jednak wartosei maksymalnych (Ta-
bela 2, Fig. 1 i 2). Tendencje sezonowo-wiekowych zmian w liczbie leukocytéw
i erytrocytow (RBC) sa wiec przeciwne (Fig. 1). Zmiany w bezwzglednej liczbie
limfocytow i neutrofilow majg przebieg paralelny do zmiennosci liczby WBC (Fig.
1). Profil krwi jest u ryjowek limfocytowy, przy czym u mliodych procent limfo-
cytéow jest wyzszy, a neutrofilow nizszy, niz u przezimkow (Fig. 4). Wskainik
L/N jest u mlodych istotnie wyzszy niz u przezimkéw (Tabela 2). W krwi obwodo-
wej wystepuja mlodociane formy granulocytow, gléwnie metamielocyty i granu-
locyty niepodzielone. Jesienno-zimowe nasilenie tych zmian jest prawdopodobnie
zwiazane z przecigzeniem ukladu krwiotwoérczego silng erytrocytoza (Tabela 2,
Fig. 5). Mniejszemu ciezarowi ciala S. minutus odpowiada wieksza liczba RBC
i mniejsza liczba WBC, niz u S. araneus (Fig. 3).



