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Very little attention has been paid to basophils in allergic
reactions, in contrast to other blood cells (Chase, Dameshek,
Haberman, Samter & Squier 1955; fVaksman 1959). This
may partly be due to earlier lack of suitable methods for quan-
titative determinations. After the introduction of a chamber
method for the counting of basophils (Moore & James 1953),
studies on these cells have become much less time-consuming
than before, when basophil counts were based on a total leuco-
cyte count and a differentiation of a great number of cells in
blood smears. This has stimulated investigations on the numer-
ical variation of basophils in allergic conditions also.

It has recently been demonstrated that urticaria is often
combined with a decrease of basophil leucocytes (Rorsman
1957; Rorsman & Rosengren 1958; Bersani 1959; Meneghini
&.Levi 1958 and 1959). Unlike Rorsman (1958) undSchultz,
Code & Brunsting (1959), Bersani ('1959) found a slight de-
crease of basophils also in atopic dermatitis, but basopenia has
not been demonstrated in other cutaneous or allergic diseases
studied (Rorsman 1958; Bersani 1959; Tedeschi, Cavazzuti
& Angeli 1959; Schultz, Code & Brunsting 1959; Braun-
steiner, Poutuzhek & Thumb i960).

The finding of a basophil decrease in urticaria is of special
interest as basophils are known to contain considerable amounts
of histamine (Graham, Wheelwright, Parish, Marks & Lowry
1952; Ehrich 1953; Graham, Lowry, Wheelwright, Lenz &
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Parish 1955; Valentine, Lawrence, Pearce & Bech 1955, Code
& Mitchell 1957). Nilzen (1947) stressed the fall of blood
histamine in urticaria and Rorsman & Rosengren (1958)
showed that the decrease of basophils might be the morpholo-
gical basis for the lowered blood histamine level.

Little is known about the normal variation of basophils.
Further studies on the role of these cells in urticaria and re-
lated conditions made necessary a study on errors of determi-
nation and on physiologic variations of the basophils.

In this work the following sources of variability are studied:

1) The error of the counting method.
2) The random biologic variation.
3) The rhythmic variation.
4) The effect of food intake.
5) The effect of moderate exercise.
6) The influence of sex.
7) The influence of age.

Further, the chamber method used is compared with methods
for basophil counts based on total leucocyte counts and dif-
ferential counts in smears.

MATERIAL

The examined normal subjects were nurses, doctors and
students at the Department of Dermatology, workmen at the
hospital, pensioners at the Pensioner's homes at Lund and
members of the scout corps at Lund. All were in good general
health and had no history of allergic or dermatologic diseases.
Hemoglobin, erythrocyte count, total leucocyte count, absolute
eosinophil count, and differential count were controlled by
routine methods (Rorsman & Rosengren 1958). In the per-
sons studied the obtained values were: hemoglobin 12.0 to
15.8 grams per 100ml, erythrocytes 4.0 to 5.1 millions per mm',
leucocytes 4,000 to 9,900 per mm^ eosinophils 63 to 375 per
mm^ Neutrophils constituted 51 to 74 per cent, lymphocytes
18 to 40 per cent, and monocytes o to 14 per cent in the dif-
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ferential count. The highest sedimentation rate was 9 mm
per hour.

Examined non-healthy subjects were patients with urticaria
treated at the department.

METHODS FOR BASOPHIL COUNTS

Blood samples for determination of the number of basophil
leucocytes were obtained by incision of the finger pulp after
cleaning with ethyl ether. The first drop of blood Was not used.

When nothing else is stated the direct counting method was
used for the basophil determinations. The technique used
(Rorsman 1957) was a slight modification of that described
by Moore &c James (1953).

Twenty-five mm' of blood taken in a control weighed Eller-
man pipette (maximum tolerance ± i %) was discharged in
215 mm' of staining fluid contained in Ellerman tubes, 55X10
mm with round bottoms. The staining fluid was measured with
a controlled pipette. The tube was shaken by hand for about
two minutes to ensure complete mixing. The staining fluid had
the following composition (Schellenberg, Wright & James) :

Disodium hydrogen phosphate, M/15 9.3 ml
Potassium dihydrogen phosphate, M/15 ... 0.7 ml
Sodium chloride 0.85 per cent 5.0 ml
Toluidine blue (Merck) o.i percent 5.0 ml
Ethyl alcohol 5.0 ml

After mixing of blood and staining fluid, hemolysis was
achieved by addition of 10 mm' of a freshly prepared and
filtered solution of 10 per cent saponin (Riedel-deHaen) in
20 per cent ethyl alcohol. After the addition of saponin the
tube was shaken slightly for about two minutes. The fluid was
never permitted to touch the rubber stoppers of the tubes.
After hemolysis part of the content in the tube was transferred
to two Jessen chambers with a pasteur-pipette. The chambers
were allowed to stand in a damp container for 15 minutes
before counting so that the leucocytes could settle. The cham-

4"



52

bers used were from KIFA, Stockholm. They were control-
measured and found to have a depth of 0.400 ±0.000 mm\
Counting was performed in a Zeiss-Winkel microscope with
an achromatic objective X 25, num. ap. 0.45 and X 10 oculars.
Blue light was used. A basophil determination was based on
examination of two Jessen chambers, i.e. 20 mm', correspond-
ing to 2 mm' of blood, and the. results were given without
decimals. The granules of the basophils were stained meta-
chromatically red, which made it possible to distinguish them
from neutrophils and mononuclear cells in which only the
nucleus, stained orthochromatically, was visible. In eosinophils
the greenish-grey,' strongly refracting granules could be seen.

Indirect counting method for basophils involves total leuco-
cyte count and differentiation of basophils in smears. For the
total leucocyte count 25 mm of blood was transferred in con-
trol weighed pipettes to 475 mm' of a fluid with the following
composition, contained in Ellerman tubes:

Methyl violet solution i per cent 4-O i"l
Acetic acid 0.33 per cent 200 ml

0,2 mm' of the dilution was counted in a Burker chamber.
Differential counts were in all cases performed on May-

Griinwald-Giemsa-stained smears and on smears stained ac-
cording to Undritz (1950).

May-Griinwald-Giemsa staining:
Methyl alcohol 4 minutes
Undiluted May-Grunwald solution 4 minutes
Giemsa solution, 5 per cent in 1/15 M
phosphate buffer, pH 7.6 4 minutes

Undritz staining:
Toluidine blue i per cent in methyl alco-
hol 5 minutes
Short washing in distilled water.

At the indirect determination for each staining method the
number of basophils per 2,000 leucocytes was determined in

* We thank Mr. M. Aust, KIFA, Stockholm, for the checking of the chambers.
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the smears and the absolute basophil count was then calculated
from the percentage of basophils and the total leucocyte count.

EXPERIMENTS

As the planned experiments necessitated a great number of
sample takings in the same person, incisions had to be repeated
at sites near earlier wounds. It was therefore important to
determine the effect of a previous incision on the result of a
basophil determination performed on blood obtained at a re-
peated incision. The following experiment was made on ten
persons, aged between 23 and 42, six males and four females:
Incisions were made into four finger pulps. After 30 minutes,
I hour, 2 hours and after 4 hours blood for basophil count was
obtained from a fresh incision and from reincision into one of
the lesions made initially.

The effect of food intake and of exercise was studied in ten
persons, nine females and one male, aged between 24 and 59.
The experiments were performed during three successive days.
Each day the experimental persons got up at about 6.30 a.m.
They did not take any food and their physical activity was
limited as far as possible. From 7.40 a.m. they rested in a
recumbent position. Blood samples for basophil counts were
taken during the different days at 9.15, 9.30, 9.45, 10.00,
10.30, 11.30 a.m. and at 1.30 p.m.

The experimental subjects had the following regimen:
First day: Rest without food throughout the experimental

period.
Second day: Rest as on the first day, but at 9.30 after the

taking of a blood sample a meal was given consisting of bread,
butter, cheese, milk and cream, coffee and sugar, which was
consumed in ten minutes.

Third day: No food as on the first day, but from 9.30 to
9.40 rapid walking up and down 43 steps for 10 minutes with
resulting rise of pulse rate (28-60 per minute).

The random error of the counting method, the random bio-
logical variation, the alteration of the basal level on different
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days and the possible rhythmic variation of basophils at normal
basophil values was studied in 20 persons, twelve females and
eight males, aged between 23 and 59. The study was performed
during three successive days in each person and each subject's
day was strictly regulated. They all got up a about 6.30, had
their breakfast consisting of coffee, sugar, milk, cream, bread
and butter at 8.15, lunch consisting of fish or meat, potatoes,
vegetables and coffee at 11.30, and dinner of a similar com-
position as the lunch at 5.30 p.m. Bedtime was between 9
and 11 p.m. The degree of activity during the day was judged
to remain approximately the same from day to day. Basophil
counts were made each day at 8 a.m., 10 a.m., 12 noon, 2 p.m.,
4 p.m. and 6 p.m. At each time two different incisions were
made and basophils were determined from each of these in-
cisions. The reason for the double incisions was that we wanted
a simultaneous estimate of the whole error of the basophil
deterhiination, i.e. the error of the sample taking and the
counting.

The error of the counting method at low basophil levels was
assessed from 40 duplicate determinations in 22 patients with
urticaria, 12 females and 10 males, aged between 19 and 61,
all with less than 20 basophils per mm'.

The variation of basophils in the course of longer time
periods was studied in 20 persons, aged between 24 and 52,
eleven males and nine females. Double determinations of baso-
phils were performed monthly, from January to August, except
in April, thus on seven different occasions. Samples for counts
were taken between 10 a.m. and 3 p.m. independently of pre-
vious meals.

The importance of sex and age of the individual for the
basophil count was investigated in 166 persons, aged between
II and 93, 81 males and 85 females. Single determinations
were performed and the samples were taken between 7.30 a.m.
and 12 noon.

Comparison of the chamber method for basophil counts with
the indirect method was performed on blood from 15 persons,
aged between 29 and 59, nine females and six males. Blood for



55

direct basophil count, for total leucocyte count and for prepa-
ration of smears was taken from the same incision.

RESULTS

The mean values obtained at basophil determinations in
repeated incisions performed 30 minutes, i, 2, and 4 hours
after the first incision are given in Table i. Variance analysis
showed that there was no difference between the basophil
counts in fresh and repeated incisions performed 30 minutes,
I, 2, or 4 hours after the first incision.

The mean values of the basophil determinations performed
at rest without food intake are given in Table 2. This table
also shows basophil mean values at food intake and at exer-
cise. Variance analysis showed that in subjects at rest, in sub-

TABLE I
Mean values of hasophils per mm' blood from fresh and repeated incisions.

Determinations <were made in lo persons.

Time after first iodsion

30mia.

Fresh Re-
peated

1 hour

Fresh Repeated

2 hours

Fresh Repeated

4 hours

Fresh Repeated

42.9 414. 43.1 40.3 40.3 41.3 4I.S 41.7

TABLE z
Mean values of hasophils per mm' hlood during rest, in connection with food

intake or exercise. Determinations laere made in lo persons.

Condition!

Rest .. .
Food
9'°-9* a.m.
Ezerdse ....
9"-9*' a.m.

•91'a.in.

34.1
33.3

30.5

9M..m.

34-8
32.1

29.8

9<'a.m.

32.9

34.8

30.0

10«>a.m.

33.7
33.2

31.7

1030a.iii.

34.8
33.8

28.2

uWa.m.

34.2
324.

28.5

l»p.m.

30.2
34.1

31.9
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jects influenced by food intake or by moderate exercise no
systematic change of the basophil counts took place.

Basophil determinations in the experiment concerning the
random error of the counting method, the random biological
variation, the alteration of the basal level during different days
and the possible rhythmic variation gave a mean value of 35.3
cells/mm".

The following statistical model was adopted for every per-
son in the analysis:

i denotes the day (i = i, 2, 3).
j denotes the hour (j = i, 2, 3, 4, 5, 6).
k denotes the replicate ( k = i; 2).
X|j|j denotes the variate value corresponding to the k th

replicate on the i th day at the ; th hour.
\y- denotes the individual value.

p. denotes the rhythmic variation.

e.. denotes the random biological variation.

e î denotes the error of the method.

For every person sums of squares were calculated as follows:
A. The 36 squares of individual values were added up.
B. The 18 squares of the sums of duplicate values were

added up and divided by 2.
C. The 6 squares of the sums of values at the same hour

were added up and divided by 6.
D. The 3 squares of the sums of values from each day were

added up and divided by 12.
E. The square of all added 36 values was divided by 36.

Mean values and the calculated sums of squares are given
in Table 3.

The following differences were calculated:
A~E, which is the sum of squares of deviations from mean.
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This sum may be further analyzed:
A-B, which depends oh the value of ê jî , here called ir^
A-B = 18 a,==
B-C-D + E, which depends on the value of ejj, here called

, and of ejjjj
B-C-D + E = 20 «r,̂  + 10 <T^\
C-E, which depends on the value of jS:
C-E = 6 2j8ĵ  + io<r/ + 5 <rî
D-E, which depends on the variation between days
D-E = 1 2 2 (MJ-M)^ -j- 4 <r ,^ -f 2 a,^

TABLE 3

Mean values of basophils per mm' blood and certain sums of squares in

20 persons. For explanation cf. the text.

Penoo
Mean value
bafophils/

mm'

Sums of sqoares

I

2

3

4

5

6

7

8

9
IO*

II

12

'3

14

15

i6»

17

i8

'9
2O

S

15.0

21.0

22.8

23.4

25.3

25.5

28.2

28.2

29-4

30.8

31.7

34.0

34-5

37-4

38.3

46.1

51.0

51.5

61.2

7».4

8693

16496

19119

20426

24079

24543

29495
29413

32411

23546

37000

42883

44531

51367

53424

52398

95989

98843

141723
185273

1031652

8581

16370

19040

20029

23696

24266

29157

29081

32199

23356

36481

42521

44070

51047

53271

52237

95697

98440

140803

184879

1025221

8391

15983

18923

19774

23037
23699

28685

28802

31623

22874

36148

41975
43111

50368

52962

51582

94792

95900

136068

I84016

1008713

8183

15916

18792

19772

23503

23490

28687

28737

31171

22817

36170

41983

43442

50286

52833

51320

93755
96949

138699

184053
1010558

8130: •

15876

18783

19693

22952

23460

28617

28617

31152

22816

36100

41684:

42918

50251

52747

50968

93738

95378

13481I

183612

1002303

• Values obtained from two days only were used in the statistical analysis,

some data were missing from the third day, owing to a technical error.
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Variance analysis showed that the mean error of a single
determination in the whole material was ± 4.3 cells. The mean
error seemed to depend on the level of the basophil count,
being ±: 3.1 in the subjects with mean value below 25, dt 4.1
in subjects with mean value between 25 and 30, ± 4.5 in sub-
jects with mean value between 30 and 40, and ± 5.1 in sub-
jects with mean value above 40."In the urticaria group the
mean value was 7.8 cells per mm^ and the standard error of
a single determination was ± 2 . 5 . The standard error is thus
absolutely lower but relatively higher for low basophil counts
and is proportional to the square root of the counted number
of cells.

The random biological variation in the whole material was
± 3.5 cells and thus somewhat smaller than the standard error
of a single determination. The random biological variation was
found to vary with the mean value of the individual. The ran-
dom" biological variation was ±. 2.0 in subjects with mean
value below 25, ih 3.0 in subjects with mean value between
25 and 30, ± 3.3 in subjects with mean value between 30 and
40, and ± 5.0 in subjects with mean value above 40.

Generally no alteration of the basal level of basophils from
day to day was found, but in two of the cases (5 and 19) a
probable change occurred.

Variance analysis with regard to rhythmic variations of
basophils showed that there was no rhythmic variation in
common in the studied individuals. In two persons, however,
(number i and 3) a rhythmic pattern was found with a maxi-
mum at 8 o'clock in the morning in both subjects and a mini-
mum at 4 p.m. in subject i arid at noon in subject 3. Although
a rhythmic variation was not present in the group studied, it
may thus be found in some individuals.

The average biological variation during a period of three
days was ± 5 . 1 cells.

The mean values of basophil determinations during 8 months
are given in Table 4.

Analysis of the basophil variations during a longer time
period yielded no significant difference between the different
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TABLE 4
Mean values of basophils per mm' blood in 20 healthy persons at determinations

during nine months.

Jan. Feb. March Mar June July Aug.

33.9 28.0 30.4 33-1 33.8 36.7 31.4

TABLE 5
Basophil mean values and standard errors in different age groups.

Age Sex Mean value
basophils/mm'

Mean value in both sexes
+ standard error

10-19

20-29

30-39

40-49

50-59

60-69

70-79

go-89

90-99

M
F
M
F

M
F

M
F
M
F

M
F

M
F

M
F

M
F

17

26

15
22

20

6

II

5

4
5

2

5

5

7

5

7

2

2

41.6

40.7

38.5

39.0

42.1

48.2

53-7

66.0

49-3

62.6

22.0

42.8

45.2

30.0

30.4

35-7

28.0

21.0

41.1 ± 3-7

38.8 ± 3.9

43.5 ± 4.7

57.6 ± 6.0

56.7 ± 8.0

36.9 ± 91

36.3 ± 6.9

35.0 ± 6.9

24.5 ± 12.0

months. The average biological variation during the studied
period was ± 7.7 cells.

The mean values of the different groups in the study on the
importance of sex and age are given in Table 5. The mean
value was the same for males and females, namely, 41.9 cells
per mm^ The standard deviation in the material was i t 24.0



6o

cells. The mean values in the age groups 40 to 59 years were
slightly higher than the mean values in the other groups
(0.05 > p > o . o i ) .

Comparison between direct and indirect methods for baso-
phil determination showed that the direct counting method
gave about the same mean value (56.9 cells per mm )̂ as the
two indirect counting methods (May-Griinvald-Giemsa 57.0;
Undritz 60. i cells per mm°). Diagnosis of basophils was most
easily performed in smears stained according to Undritz.

DISCUSSION

The study on the possible effect of a previous lesion of the
blood vessels on the basophil count did not show any change of
the basophil count at determinations 30 minutes, i, 2, and 4
hours after a single earlier incision. Graf & Swensson (1950)
and Harm (1954) found an increase of leucocytes and parti-
cularly of basophils after repeated lesions of a vein in the
rabbit. The absence of any demonstrable basophil increase
after a mechanical lesion in man may be due to the sampling
technique used or to a species difference, but it is also possible
that local basophilia is not induced by lesions of smaller vessels.

There was no effect of food intake on the number of baso-
phils in the ten studied non-allergic persons. No earlier studies
on the influence of food intake on basophil leucocytes have
been performed.

There was no reaction of the basophils after moderate
exercise. Absence of significant basophil changes after heavy
manual work has been reported by Karvonen & Kunnas
(1953), but a study of Duner & Pernow (1958) rhay suggest
a basophil increase during physical work.

The factors influencing the result of a single basophil deter-
mination are the error of the counting procedure and the bio-
logical variation. Both seem to depend on the level of the
basophil count. The error of the method decreases absolutely

. . . , ,̂ ., . L • method error.
with lower basophil counts but the ratio j — increases

^ mean value
at lower basophil levels. In the material with a mean value of
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35.3 cells per mm* the error of the method was ± 4.3 cells or
± 12% of the mean value, while the material with a mean
value of 7.8 cells per mm' had a method error of =t 2.5 cells
or ± 32% of the mean value. Also the biological variation
decreased absolutely with lower basophil counts, but here the

. biological variation 1 • 1 i_ j --ri. u •
ratio ^ i was relatively unchanged. Ihe bio-

mean value
logical variation was dz 14% of the mean value during a three-
day period and db 24% of the mean value during an eight-'
month period. The biological variation of basophils was of a
random type in the studied group. Only in two persons did the
basal level change from day to day and in two other persons
a rhythmic variation was found. The absence of a rhythmic
basophil fluctuation between 8 a.m. and 6 p.m. is in agreement
with the findings of Osada (1956), who found no significant
changes during the day but a rise in the basophil count during
the night. Our results do not agree with earlier reports dn the
tendfency towards basophil rise during the morning (Labend-
zinski 1956), at noon (Sundberg & Wasastjerna 1953), or in
the afternoon (Boseila 1959).

In four studied persons Labendzinski (1956) found no
change in the per cent values of basophils at weekly determi-
nations. This seems to be the only earlier study on the biolo-
gical variation of basophils for a longish time period. Our
study shows a greater variation during an eight-month period
than during a period of three days.

The present study did not show any difference in the mean
basophil count of men and women. The only report on a sex
difference is that of Angeli, Tedeschi & Cavazzuti (igsS)f
who found a lower mean value in females over 60 years of age
than in females below 60 years of age and in males of both
age groups. The present material showed a probably higher
basophil count in the age groups between 40 and 59 years
when both sexes were analysed together. Boseila (1959)
found a slightly higher mean value in subjects of both sexes,
aged between 40 and 49, compared to other adult age groups,
but Braunsteiner & Thumb (1958) found no age differences.
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The youngest subject in our material was 11 years, but there
are earlier reports on basophil counts in children. James,
Wright, Wilkersson & Schellenberg (1955) found a higher
basophil count in newborn than in older children. Mitchell
(1955) analyzed in detail the variation of basophils in new-
born and found an increase of the basophils during the first
24 hours after the birth, but a later decrease with a minimum
five days after the birth. Then an increase started, which
continued for six weeks. In a material of children between 6
months and 12 years of age the mean value was higher than at
six weeks after birth, but the difference was not significant
(Mitchell 1958; Mitchell &iCass 1959). Labendzinski (1956)
found lower per cent values of basophils in newborn children
than Mitchell.

The good agreement between the results of the direct baso-
phil method and the two indirect methods for basophil deter-
mination in the present study is in conformity with the findings
of Moore & James (1953). Graf & Swensson (1950) found
toluidine blue stained smears superior to May-Griinwald-
Giemsa stained smears, but Harm (1954) did not find differ-
ences between the results of the two staining methods. The
actual study shows that May-Grunwald-Giemsa staining or
toluidine-blue staining may both be used for indirect determi-
nations of basophils. The error of the method in an indirect
basophil determination was not determined, but will depend
on the error of the total white cell count (Berg 1945) and on
the error of the differential determination of basophils. The
last-mentioned error will be that of a Poisson frequency dis-
tribution (Ricker 1937).

SUMMARY

The influence of method error on basophil counts and the
biological variations of basophils were studied with the fol-
lowing results:
I. Mechanical lesion of the small blood vessels at the site of

sample taking did not influence the result of later basophil
determinations.
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2. Food intake did not influence the basophil level.
3. Moderate exercise did not influence the basophil level.
4. There was no general rhythmic variation of basophils be-

tween 8 a.m. and 6 p.m.
5. The error of the method decreased absolutely with lower

, , ., ^ u ^ ̂ i, ^- method error . , ^
basophil counts but the ratio -, increased at

^ mean value
lower basophil levels.

6. The biological variation was ± 1 4 per cent of the mean
value during a three-day period and ± 24 per cent of the
mean value during an eight-month period.

7. The mean value of basophils was the same in men and
women.

8. The mean value of basophils was probably higher in sub-
jects between 40 and 59 years of age.

9. Direct basophil counting and indirect basophil counting
performed on May-Griinwald-Giemsa- or Undritz-stained
smears gave the same mean values.
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