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hilrodiiclion.

The eosinopliilc LCI! was tirst described in 1846 by Jones.
In 1878 Ehrliih named it and characterized it as a morpho-
logical entity. Where the eosinophils arc formed was long de-
bated. Nowadays it must be considered cstabhshed that the
eosinophils have differentiated from the premyelocytes in the
bone marrow. All forms of eosinophilia, he it in blood or
tissues, are preccdetl hy eosinophiha in the bone marrow.

During the century or so since the discovery of the eosino-
phile granulocyte, it has been the subject of considerable atten-
tion which is documented in a vast literature. Thus, as long
ago as 1914, Srhivarz listed more than 3000 publications about
ihese eosinophile cells.

Various figures are given in the literature for the number
of eosinophils per cubic millimetre of normal blood, for ex-
ample :

Range linrage

Kammcrer (1956) 100-200 —

Heilmeycr (1951) 40-600 175

Fisher (1951) IO-^M 200
Samtcr (194.9I 30-250 —

' Partly read before the 5th Northern Allergy Congress, Copenhagen, Aug. 1957.
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Today it is generally considered that up to some 40U eosin-
ophile cells per cubic millimetre of blood must be accepted as
normal.

Mtich speculation has been devoted to the function of the
eosinophile cells, but as yet the question seems inconclusively
answered. To these cells, and especially to the eosinophile gra-
nules, Schlerht (1912) attributed a defensive function against
toxins liberated by decomposing foreign proteins. Kdvimerer
(19^6) postulated that the granules are bearers of special
enzymes for aiding the destruction of foreign proteins. Many
authors, notably Vercautcren (1953), have studied the che-
mical composition of the granules and particularly of their
enzymes.

Esselier ik rozvorkers ( 1 9 5 4 ) , ^ m \ Slohhc ( 1 9 5 6 ) e n d o w e d
the eosinophile cells with a phagocytic function. The latter has
heen associated with the transporting activity of these cells
reported hy Esselier (1954}, who stated that the eosinophils
transport foreign proteins to the reticuloendothelial system.
In addition he took up the problem whether this system is
capable of regulating the production of eosinophils.

Whereas Parrot & Gahe (1947) maintained that the eosin-
opiiils arc particularly rich in histamine. Code & McDonald
(1937) expressed the view that their main function is to bring
about an enzymatic decomposition of histamine.

In VaughrCs (19^3) opinion the essential tunction of tlic
eosinophils is to take up and inactivate the histamine liberated
by the antigen-antibody reaction. He assumed that the eosin-
ophile cells serve as transporters of histamine, as he found
that the eosinophilia resulting from administration ot an
antigen fails to develop when an antihistamine is given. Samter
(1949) obtained the opposite result.

Randolph & Rackeman {1941I and Rose (194O ^^^^e un-
ahle to discover any corelation between the histamine content
of and the number of eosinopliils in the blood. Dalton (1949)
regarded the eosinophile cells as the source of the histamine
liberated in an allergic reaction. The increased vascular per-
meability induced by the histamine thus made available would
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therefore enable more neutralizing antibodies to reach the
shock organ.

All experimental evidence and hypotheses notwithstanding,
the fact remains that the problem of the role of tbe eosin-
opbile leukocytes in the metabolism of bistamine is yet un-
solved. Nevertheless it is generally believed tbat one of the
functions of tbe eosinopbils is to protect tbe organism against
allergens entering therein. One reason for tbis view is tbat
administration of an allergen is capable of stimulating tbe bone
marrow to accelerated eosinopbilopoiesis.

Eosinopbilia of greater or lesser degree occurs in a variety
of diseases. Tbese may be classified as follows (cf. Kcimmcrer,
1956):

1. Conditions due to allergy. Tbis group includes broncbial
astbma, various forms of rhinitis and conjunctivitis, urticaria,
Quincke's edema, gastrointestinal allergies, and certain skin
disorders.

2. Conditions wbcre allergy or anapbylaxis may be involved.
Tbis group comprises eosinopbilious belmintbiasis and post-
infective states attended by eosinopbilia. Otber possibilities are
eosinopbilious neoplasms, some types of collagenosis, I.offler's
syndrome, and, perbaps, Basedow's disease (exopbtbalmic
goitre).

3. Conditions probably or definitely of non-allergic nature.
To tbis group belong eosinopbilious leukemias and possibly
also tbe so-called familial or constitutional type of eosinopbilia.

Tbe allergic disorders are tbe largest group of diseases in
wbicb tbe organism responds by a reaction in tbe eosinophile
cellular system.

EhrUch (1879) already demonstrated that in anaphylactic
states tbe blood and tissues frequently contain an excess of
eosinopbilc cells. In tbe period 1910-1912, Schlccht publisbed
a series of experimental papers on eosinopbilia and anapbyl-
axis. Having found tbat anaphylactic sbock regularly gave rise
to a markedly elevated blood eosinopbil count in guinea pigs,
be designated tbese cells as "Zellen der Allergie und An-
apbylaxie".
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Schleeht (1942) maintained, furthermore, that every form
of eosinophilia shotild be interpreted as a sign of an allergic
constitution. A failure to find allergy in many patients with
eosinophilia might merely be due to our having imperfect
diagnostic tools. Rather than a sign of an allergic constitution,
Eeinberg (1946) considered eosinophilia an active allergic re-
action.

Own investigations.

The experiments to be descrihed were mainly designed to
shed light on three problems:

A. What errors of method affect estimations of eosinophil
leukocytes derived from, respectively, differential counts and
direct determinations in a counting chamber? Is there any dif-
ference between determinations made simultaneously on the
same sample with hoth methods?

B. What IS the diurnal rh\th?ii of the eosinophile leuko-
cytes ?

C. What IS the 'nuidenet' of eosinophilia in various allergic
disorders?

Dahlberg\ (1948) methods and nomenclature have been
adopted for the statistical analysis, and all the calculations and
estimations except those under A^ were done hy the same
person.

A. ERRORS OF METHOD

Introduction.

Eosinophile cells do not readily lend themselves to counting.
The techniques commonly adopted are either differential
counting of white blood corpuscles after May-Grunewald-
Giemsa staining or counting-chamber determination after se-
lective staining. Differential counting is the method usually
adopted. For a normal eosinophil count thus obtained the
standard error given by Brandt {1926) is 16.4 per cent while
Bjorn-Hansen's is as high as 44 per cent. Barnelt (1933) char-
acterized differential counting as one of the most unreliable
quantitative procedures in all medical science and maintained
that the unavoidable errors would be very considerable even
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wiien at least 400 cells are counted. Rud (1947) expressed the
opinion that to he relatively reliable a differential count must
involve not less than 1000 cells.

Many consider deteniiinations made in a counting chamhcr
more reliahle. The preferred staining techniques seem to be
I)ii}igt'r\ (1942) eosine method and Randolph^ {1949)
piiloxinc method. In Scandinavia the procedure of choice is
that described by Rud (1947), where counting is done in a
Puchs-Rosenthal counting-chamber after staining with Mag-
dala red.

The margins of error for these methods ol estimating eosin-
ophilia may be rather wide dependent on the principles ap-
plied. Hence the data given in the literature also vary within
wide limits.

Experiinoilal.

With the object of assessing the error of method for various
modes of estimating eosinophilia the following experiments
were made:

1. Capillary blood was drawn simultaneously from two
fingertips of the same person. The blood was stained with
Magdala red according to Riid (1947) and the number of
eosinophils was determined by counting particles in a Fuchs-
Kosenthal chamber having a capacity of 6.4 mm^. For each
I GO'S of eosinophils, 64 particles were counted in the chamber.

2. Capillary blood from one subject was smeared on a slide
and stainetl according to May-Grunewald-Giemsa. 1600 white
hlood corpuscles in the smear were counted and classified dif-
lerentially, separate percentages being recorded for conse-
cutive ioo's counted.

3. Capillary blood was drawn simultaneously from two
fingertips of the same person. The white hlood corpuscles
were estimated by Hoslrdm\ (1954) method, the number of
particles being counted in a Burker chamber. For each lOo's
of white corpuscles, one particle was counted in the chamber.

4. Capillary hlood samples from 16 subjects were smeared
on sliiies and stained according to May-Grlinewald-Gienisa.
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800 white blood corpuscles in each smear were counted und
classified differentially, separate percentages being recorded
for consecutive loo's counted.

At the same time white blood corpuscles were counted after
staining by Boslyd7n's method. The value recorded for each
patient was the mean of two duplicate determinations.

By so doing the degree of eosinophilia could readily he
evaluated.

Simultaneously the eosinophil count was determined by
Rud's technique (see i. above). The value recorded for each
patient was the mean of two duplicate determinations.

With the aid of this analysis the degree of eosinophilia could
also be simply determined and consequently it became possible
to compare the results of differential counting with those based
on counting-chamber determinations.

5. The proportion of eosinophils in blood samples from 524
persons was determined both by the differential counting
method (i.e. hy counting the number of white blood corpuscles
and calculating the percentage of eosinophils in smears) and
by the counting chamber technique.

1. The difference between duplicate eosinophil determina-
tions is presented in Table i. It will be seen that no correlation
appeared between the number of particles counted and the
magnitude of the difference.

TABLE 1'
Different p hi'lq^rrn dupUiaie eosinophil determinations by Rud's method^.

" M e(M)

21 10 ±1.7

2. In this experiment the percentages of the various types
of white blood corpuscles varied as set out in Table 2.

In this and following Tables, n — number nf observations; M ^ mean;
t(M) = standard error of the mean. (cf. Uahlberg, 194.8).

8 Acta Allfrgologica, XII. 2-j
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TABLE 2
Differential blood count after May-Griinewald-Giemsa staining.

Type of white blood corpuscles n M e(M)

Band forms i6 i -

Segmental forms i6 53 ±1.0

Eosinophils 16 14 ±0.4

Basophils 16 o —

Lymphocytes 16 29 ±0.3

Monocvtes 16 4 ±0.4

_V The difference between two duplicate determinations of
white blood corpuscles appears in Table 3. It will be seen that
no correlation existed between the numher of particles counted
and the magnitude of the difference.

TABLE 3
Difference het/ujeen duplicate white btood corpuscle counts by Bostram's method.

a M s{M)

21 333 - 2 2 5

4. The results of this experiment will be found in Table 4.
The table discloses that eosinophil determinations based on

differential counting yielded varying results depending on the
total number of cells counted. Clearly, however, the difference
in most cases became rather insignificant when 400 cells were
counted, and counting of more than 400 cells was of no
value.

Differential analyses and counting-chamber determinations
gave rise to dissimilar eoinophil counts. In cases i, 2, 7, 9, 12
and 16 the deviation was negative (i.e. the number of eosino-
phils determined by the differential counting technique was
lower than that obtained by the counting-chamber method).
These negative deviations are not particularly large and might
well be due to unavoidable laboratory errors. In all the remain-
ing cases the deviation was positive and occasionally quite ap-
preciable. The order of magnitude of these deviations indicates
that laboratory errors had definitely not been responsible. Ac-
cordingly the two methods would seem to lead to eosinophil
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counts which systematically deviate from one another. We
were able to verify this observation by examining a larger
series of test subjects, as revealed by experiment 5 below.

TABLE 4
Number of eosinophils caltulalt'd on Ihe basis of ivhilc blood corpuscle determina-
tions and differential counts and number of eosinophils aicording to the counting-

ihamber techiuque.

"I'o facilitate comparisons the results of the former method
are given after loo, 200, 300, 400, 500, 600, 700, and 800

consecutive cells were counted.

No. of
palieni

1

2

3
4

5

6

7
8

9

10

I r

12

13

'4
15

16

100

2 0 0

426

410

3'5

1 160

1481

104

Bo

360

560

1240

88

1122

413

473

20

ZOO

260

479

387

315

126'j

•551

104

56

330

494

1318

88

1122

413

216

•5

300

252

568

378

315

•305

1502

88

64
3'8

679
1318

88

1122

454
260

18

Differeniial

1 400

272

568
400

284

1369

1551

104

80

700

1380

114

1 122

454
260

couDtin

500

264

582

376
252

1247

1568

125

64

324

742

1386

123

1183

466

260

iC>

600

252

575

355

284

1218

1586

130

48

330

742

1442

132

11 32

481

260

17

700

260

596
369

268

1211

1551

114

56

348
728

1504

106

1122

509

242

16

800

264

589

364
252

1240

1523

114

38
360

714

1550

106

1132

495
268

1'-,

Counting
chamber
method

295

703

285

163

1085

1288

180

40

363
508

903

148

653
280

333

50

V The results of eosinophil determinations in 524 subjects
by differential counting and the counting-chamber method are
given in Table 5.

TABLE 5
Estimations nf eosinophil leukocytes by differential counting and by

the counting-chamber technique.

Method

Differential counting
Counting-chamber ...

524
524

M

424
315

£(M)

±18.3
±15.2
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The table discloses that a systematic difference exists be-
tween eosinophil determinations based on differential counting
and the counting-ehamber method respectively. This differ-
ence showed no correlation with the total number of particles
counted (regression constant r ^ —o. iozto .ooi ) .

Discussion,

Determinations of eosinophils according to counting-cham-
ber analysis, of white blood corpuscles and the method of
differential counting in smears all suffer from errors of me-
thod which are not particularly serious. We venture to suggest
that, provided due eare is taken and technical errors as far as
possible are eliminated, trained staff should be quite capable
of performing these determinations without incurring errors
of the magnitude reported by previous authors.

Why there should be a systematic difference between the
results of the eounting-chamber method and tlie differential
count technique is obscure. Considering that technical and per-
sonal systematic errors were eliminated, the remaining possi-
bility would seem to be that May-Griinewald-Giemsa staining
and Rud's Magdala red staining affect the blood corpuscles in
different ways. Accordingly the eosinophile blood cells may be
chemically heterogeneous which in turn causes them to show
dissimilar staining properties. As a matter of fact direct micro-
scopical examination already reveals that all eosinophils are
not morphologically identical in appearance, some of them for
example being vacuolated.

In deciding upon the method to be used for determining the
eosinophil count one must therefore keep in mind the possi-
bility that partly not the same particles may be counted by the
two methods. Essentially, therefore, the same procedure
should be adopted for serial determinations of blood eosin-
ophilia on different occasions.

Direct comparisons between estimations based on different
methods will lead to misleading results.

We have come to the conclusion that it would be most ra-



tional to use the counting-chamber procedure in the remainder
of the present investigation. As it requires fewer technical
operations and more particles are counted, the sources of error
will be reducetl in number.

B. D I L" R X A L RHYTHM
hilrodiict!on.

Just as other leukocytes, the eosinophile cells exhibit marked
tliurnal variations, and according to Riid (1947) their number
uniler^oes rapid ami abrupt fluctations.

Appcfs {^9^9) findings demonstrated that the eosinophil
rhythm follows a curve which has a minimum in the forenoon,
rises (.hiring the course of the day and culminates in the even-
ing. .Ippcl stated that the eosinophils are controlled by a 24-
hour rhythm that is affected neither by diet, nor by age or sex,
nor by various diseases. In his view this diurnal rhythm is
regulated by the autonomic ner^'ous system as well as by hor-
inonal factors.

The eosinophil rhythm has also been analyzed by Rud
{1947) who. taking the noon level as the reference point,
established that a minimum about 20 per cent below the re-
ference point, established that a mmimum about 20 per cent
below the reference level occurs at about 10 o'clock in the
morning. After passnig the reference level at 12 noon the
value then rises steadily by some 30 per cent during the after-
noon and evening hours, and after midnight it again begins to
decline (see Fig. i ) . Unlike sleeping or waking, prolonged
fastmg seems capable of influencing the configuration of the
curve. Riid concluded from his findings that tlie 24-liour varia-
tion of the eosinophile cells conforms to an autonomous rhythm
whose ultimate causes are unknown.

Having studied the variations of the eosinophile cells under
physiological conditions. Best & Samtcr (1951) came to ap-
proximately the same conclusions as Rud (see Fig. 2).

Nevertheless it seems to us that the data given in the litera-
ture are incomplete. Thus Apptl made only 5 determinations
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Diurnal trend of eosinophil leukocytes according to Best & Saaiter

(modification from Rud).

during the daytime and had no 24-hour analyses for the same
test subjects. Rud's conclusions were also based on rather
sparse data, continuous 24-hour observations being made on
4 subjects only. Best & Saviler likewise had small material, and
their results were partly derived from Rud's findings.
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Experimental

With the object of ascertaining the diurnal eosinophil
rhythm in human beings, we made countitig-chamber deter-
minations of the eosinophile cells every secotid hour durmg
daytime and every third hour at night in t6 normal subjects
and in 22 patients with asthma.

Times for meals and other external factors were the same
for the two groups. The asthmatics were given no medical
treatment 2-3 days before or during the period of observation.

Mean eosinophil counts, expressed in per cent of the 24-hour
mean, at different times during day and night in normal sub-
jects and asthmatic patients will be found in Table 6.

A graphical delineation of the results appears in Fig. J.

TABLE 6
Mean eosinophil counts, in per cent of the 24-hour mean, al different times of

the day ami night for 16 normal and 23 asthmatic subiects.

Time of day

0 7

0 9

1 1

13

15

17

19

2 1

2 4

0 3

0 6

Normals

M 1
Pec cent

93

83

83
(y,

98

99

94
98

126

130

1 1 1

6(M)
Per cent

±6.0

±4.7
±4.1

±5.7
±3.8
±3.8
±5. '
±4-5
±4.1

±5.5
±4.3

Asihmatics

M
Per cent

114

121

118

119

114

109

79

77

73

74
109

e(M)
Per cent

±4.6

±4.3
±4.5
±2.9
±2.8
±3.5
±4.5
±4.3
±4.2
±4.0
±4-3

Discttssinn.

From Table 6 and Fig. .̂  it is evident that normal and
asthmatic subjects have completely different diurnal eosinophi!



io8

Eosinophils ill per oeiit of the 24-hiiur mean

J

Time of (^U

Fig. S-
Diurnal eosiuuphil rhythm for normal and asthmatic stibjects.

rhythms. So far as we can find from the literature this has not
been observed previously.

The reason for this rhythm difference is obscure.
The result of this experiment is of practical importance for

evaluation of the Thorn test. 7 he outcome ot this test will na-
turally be misleading unless It is kept in mind that during the
morninjj hours the eosinophil count drops in healthy persons
and rises in asthmatics. Another peculiar thing Is that the
eosinophil count is lowest at precisely those times when asthma
tends to he most troublesome, that is during the night and in
the morning.

C. F. O S I N O P II I L I A A N D A L L E R G V

Introdurlioti.

The literature is extremely contradictory about the incidence
of eosinophilia in allergic disorders. Stafford (1955) could
find no correlation between allergic activity and the degree of
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eosinophilia. In the blood of almost al! allergic patients Stornt
van Lcewen & Niekerk (1928) recorded an eosinophilia
which exhibited no parallels with the severity of the clinical
signs and symptoms. Peipers {1930) noted that ^^ per cent
of all asthmatics had eosinophilia which was most severe on
days after an asthma attack. Gdnsler {1921) demonstrated
that eosinophilia was present in about 20 per cent ot his pat-
ients with Quincke's edema. Bruiin & Dragsted (1950) found
eosinophilia only in Qiiincke-patients who were suffering from
other allergic disorders as well. Hansen {1957) remarked that
whereas almost all hay-fever patients have eosinophilia during
the acute phase their eosinophil counts are normal during in-
active periods. In baker's coryza Baag0e (1935) demon-
strated the presence of eosinophilia in 10 per cent of the cases.
Orban (1949) estimated that eosinophilia will have an in-
cidence of about 78 per cent in any large series of patients
with various allergic conditions.

Expcr'imenlal.

In order to provide some data on the incidence ot eosino-
philia in allergic states, we have studied a series of persons
attending the outpatient allergy clinic in Gothenburg.

The series comprised 496 patients with manifest allergic
disorders. Their ages ranged from 10 to 75 years, the majority
falling in the 30 to 60 years category. The diagnoses were es-
tablished hy the history, clinical signs, skin tests and exposure
reactions. Blood samples were consistently taken at the first
examination for eosinophil determination hy the counting-
chamber method, readings over 400 cells per cLibic millimetre
being considered elevated.

Results.

The results of this stutly will be found m 1 able 7.
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TABLE 7
Incidence of eosinophilia in different types of allergy.

No. of cases Pec cent
with cases with

Type of allergy No. of cases eosinophilia eosinophilia

Asthma hronchiale (extrinsic type)
Asthma bronchiale (intrinsic type}
Hay fever (during the season)
Hay fever (out of season)
\'asnm()tor rhinitis
I'rticaria & Quincke's edema

Loffler's pneutnoiiia

Total No. of patients 496 339 Mean 48

Discitssinn.

The table reveals that 48 per cent of the patients had ele-
vated blood eosinophil counts. The highest readings—3000—
4000 cells per mm^—were recorded in persons suffering from
Loffler's syndrome. A difference also seemed to exist between
endogenous and exogenous asthma. Thus practically all pat-
ients in the group \ '̂ith exogenous asthma had eosinophilia,
while this was present in only 50 per cent of those with endo-
genous asthma. In addition a difference was found between
patients with active and patients with inactive hay-lever. These
lintlings are in good accord with what has been reported pre-
viously in the literature.

SUMMARY

Eosinophile blood corpuscles could be distinguished from
other leukocytes as long as 100 years ago, and for several de-
cades eosinophilia as a sign of clinical, predominantly allergic
disorders has been discussed in a large number of papers. The
present publication commences with a brief review of some to-
pical problems associated with the probable functions of eosin-
Dphil cells and with what diseases eosinophilia coexists.

The author's investigations are divided into three groups.
A. In this group an analysis was made of two principal

methods lor ensinophil determination ^ '̂hich have received
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widespread acceptance, viz. the differential count technique
and the counting-chamber procedure. It is shown that both
methods are highly accurate in themselves. However, deter-
minations made simultaneously by both methods on the same
samples give discrepant results. Usually the number of eosin-
ophils found by differential counting is a bit higher than that
obtained by the counting-chamber procedure. As it could be
ruled out that systematic errors of method were responsible
for this deviation, the authors attribute the discrepancy to
varying stalnability of the eosinophile leukocytes. The varying
stainability is in turn ascribed to differences in the chemical
constitution of the stained eosinophils.

B. The diurnal rhythm of the eosinophile cells has been
studied in i6 normal and 22 asthmatic subjects. It appeared
th^t the eosinophil count in normals declines during the morn-
ing hours and has its lowest value between 9 and 11 o'ch^ck.
thereafter it rises gradually until it readies a maximum he-
tween midnight and 3 o'clock in the morning. In asthmatics
the diurnal rhythm is reversed, the eosinophil count being
maximal between 9 and 11 in the forenoon and minimal be-
tween midnight and 3 in the mortiing.

C. Finally the incidence of eosinophilia was studied in a
series of 496 patients with various allergic conditions. The
figures were found to be highly variable. It is safe to say that
about 50 per cent of all allergies have blood eosinophilia, that
eosinophilia is a much more frequetit accotnpaniment of so-
called exogenous allergies than of the endogenous varieties.
and that eosinophilia occurs oftener during the active than
during the inactive phase of an allergic state.

We wish to thank Vliss B. G. Johanson for valuable tech-
nical assistance.
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