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adjuvant (FCA).

Clinical aspects

asthmatic reactions (IAR).

The eosinophilic granulocyte (eos) is in several re-
spects a unique leukocyte. In humans and rodents
eos normally accounts for 0-29, of all blood leuko-
cytes (0-0.1 x 10%/1), but under certain pathological
conditions an increase of up to 209, may occur (17,
24, 26).

In humans, circulatory hypereosinophilia is con-
nected particularly with one of the following patho-
logical conditions: 1) allergic disorders; 2) parasitic
infestations; 3) certain neoplastic disorders and 4) an
“idiopathic” syndrome of unknown etiology (2, 10).
In animals, models for hypereosinophilia provoked
by parasites or induced by special immunization
programs have been described with evidence of ge-
netic control of the eos response (18, 27, 28, 31, 33).

There is some evidence that the eos may have a
role in regulating the immediate type allergic reaction
by dampening mast cell activity (15). However, large
amounts of eos that are attracted to areas of ana-
phylactic reactions may cause tissue injury. Eosino-
philia may therefore be considered as a potential,
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Development of cosinophilia was studied in four strains of guinea pigs
(gp), selectively bred for either high or low respiratory anaphylactic reactivity.
One high-asthma strain (IMM/S 209) and one low-asthma strain

(IMM/R 203) developed spontaneous high blood eosinophilia. The 2 other
gp strains — onc high-asthma strain (IMM/S 740) and one low-asthma
strain (IMM/R 201-16) — maintained normal low levels of eosinophilic
granulocytes (eos). The levels of eos in various tissues showed similar
differences between the gp strains. Following immunization with
ovalbumin/Al(OH), the levels of blood eos increased significantly only in
gp of strain 209. The blood eos levels in gp of all 4 strains decreased
significantly following immunization with ovalbumin in Freund’s complete

In humans, eosinophilia of varying degree is a usual correlate to allergic
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depends on the gp strain but is not correlated with the immediate type
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injurious hyperreaction like other forms of allergic
response (5, 6, 7, 9, 13, 16, 20, 32, 34).

On this background it was considered of value to
study the occurrence of cosinophilia in 4 inbred
strains of gp genetically different with regard to their
respiratory anaphylactic response.

The genetic homogeneity obtained within each of
these gp-strains has already been documented
(23, 29). In the present study the background levels
of eos of the 4 strains were estimated. We investi-
gated the incidence of eos in blood, bone marrow,
spleen and trachea in unsensitized gp of the 4 strains
and the difference between them in developing eosi-
nophilia following immunization with ovalbumin
(0oa) + adjuvants.

Material and methods

Experimental animals

The study was performed with 4 strains of gp selec-
tively bred (brother x sister for about 30 genera-
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tions) for either high (IMM/S 209 and 740) or low
(IMM/R 201-16 and 203) responsiveness to inhala-
tion of aerosolized aqueous ovalbumin as measured
by the respiratory anaphylaxis induced (21). Ani-
mals of both sexes were used.

The gp were bred and held in conventional animal
rooms, the strains 740 and 203 together in one room
and 209 and 201-16 each in separate rooms. The
colonies of the 4 gp-strains were always isolated
from other experimental animals, and they were
fed the same commercial pellets free of poultry
products.

Leukocyte counts

Direct method: Counts of total leukocytes and eos
were performed in the morning to avoid diurnal vari-
ations in blood levels (3,4). 20 ul blood samples
were collected from a bleeding ear vein with hepa-
rinized micropipettes (Vitrex 20 NK) and were di-
luted 1:15 in Tiirk’s solution and eosin solution, re-
spectively. The cosin solution consisted of eosin
0.1%,, sodium citrate 0.39%,, acetone 159, in deion-
ized water. After 15 min the cells were counted in a
Burker-Turk hemocytometer.

Indirect method: Blood smears for differential
counts were fixed and stained with May-Griinvald
and Giemsa stains, and a minimum of 200 cells were
counted. The levels of eos were expressed as per-
centages of all leukocytes counted. In the gp, the
total leukocyte count is usually 8—10 x 10°/1 blood.

From the differential count and the total leukocyte
count an estimation of the number of eos/l blood
was calculated.

For convenience, strains and individual gp with
blood eos levels <0.5 x 10%/1 will be designated in
the following as normal eos, >0.5x 10%/1 as high-
eos, and > 1.5 x 10%/1 as hyper-eos.

Tissue analysis

Gp were killed and immediately thereafter were bled
by a throat cut and dissected. Smears were prepared
from the bifurcation of the trachea, from a cross-
section of the upper half of the spleen and from
aspirated marrow of the right femur. All smears were
immediately fixed and stained with May-Griinvald
and Giemsa stains. For each tissue preparation 800—
1000 nucleated cells were counted and the percent-
ages of eos estimated. In the bone marrow and in the
spleen both mature and immature eos were counted.

Immunization

The gp were immunized by intraperitoneal injections
on day 0 and day 7 of 10 pug oa either 1)in 1 ml
phosphate-buffered saline (PBS), or 2) adsorbed on
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1 mg AI(OH); (alhydrogel, Superfos, DK) in 1 ml
PBS, or 3)in 0.5ml PBS incorporated in 0.5 ml
Freund’s complete adjuvant (FCA), containing
0.5 mg/ml Mycobacterium tuberculosis (Statens Seru-
minstitut, Copenhagen).

Statistics

Since eos counts of the animals were not distributed
normally, differences were analysed by the non-para-
metric Wilcoxon matched-pairs test or the Mann-
Whitney U-test, according to the material.

The number of normal and high eosinophilic an-
imals in different groups was compared by the chi-
square test (¥*-test). Pearson’s correlation coefficient
and the parameter of regression line were calculated.

Results

The occurrence of eosinophilia was compared in dif-
ferent age groups of 4 strains of gp, 2 high-asthma
(IMM/S 209 and 740) and 2 low-asthma (IMM/R
201-16 and 203) strains.

Determination of eos in peripheral blood

In 181 cases we compared the results of blood eos
counts obtained with the direct and indirect methods
(see “Material and methods™). Fig. 1 shows excel-
lent agreement between the two kinds of measure-
ments. This is consistent with results presented by
other investigators (19).

In the material presented in this paper we did not
notice any marked alterations in the differential

ecs counts,
calculated

x10%1)

3

1 2 3 4 (x107%/1)

total eos counts

Fig. 1. Eosinophilic granulocytes in blood estimated by the direct

(abscissa) and the indirect (ordinate) methods (sce “Material and

methods™). Comparison of counts from 181 guinea pigs. Corre-

lation between the methods was significant (p=0.001),
y=0.85x +16; r=0.99.




counts of other leukocytes linked with the occur-
rence of high cosinophilia.

In the following, the results are given in absolute
eos counts measured directly.

Levels of eos in the blood of unimmunized guinea
pigs

Three-month-old guinea pigs. The levels of eos in the
blood were estimated for a number of sexually ma-
ture (2.5-3.5 months old) gp.

Two of the strains, the high-asthma strain 209 and
the low-asthma strain 203, showed a significantly
higher proportion of animals with high eos than the
2 other strains, the high-asthma strain 740 and the
low-asthma strain 201-16, which had normal low
counts of eos in almost all animals (Fig. 2).

The y*-test showed a significant difference in the
proportion of animals with eosinophilia between the
2 high-asthma strains (p <0.001) and between the 2
low-asthma strains (p <0.01), while the differences
in proportion of eosinophilic animals between strain
209 and strain 203 and between strain 740 and strain
201-16 were not significant.

6—12-month-old guinea pigs. Fig. 2 also shows the
levels of eos in the blood of the older (6—12 months
old) gp of the same 4 strains. In strains 209 and 203
almost all animals were hyper-eos. In strain 740 a
small but significant (p <0.001) increase of the pro-
portion of high-eos gp was found while there was no
significant difference in strain 201-16.

The significant differences in the proportion of
high eosinophilic animals between the 2 high-asthma
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Fig. 2. The distribution of low- (< 0.5 x 10°/1), high- (2 0.5 x 10%/
1} and hyper-eos (= 1.5 x 10%1) in peripheral blood in 3 and 6-
12-month-old guinea pigs of a) strain IMM/R 201-16, b) strain
IMM/R 203, ¢) strain IMM;/S 740 and d) strain IMM/S 209.

Genetic control of eosinophilia in guinea pig strains

strains (p<0.001) and between the 2 low-asthma
strains (p<0.001) are maintained in the older gp.
The differences in the proportion of high eosino-
philic animals between strains 209 and 203 and be-
tween strains 740 and 201-16 were not significant
either in the older gp.

Onset of blood eosinophilia in gp strains 209 and 203

We investigated the development of eosinophilia in
the 2 high-eos strains 209 and 203 by following the
levels of eos in the blood in young gp from each of
the strains for a period of 2 months. The absolute
eos counts in each of the animals were estimated for
the first time when the animals were taken from their
mothers at 4 weeks old. The results show normal
levels of cos in the blood of all the 4-week-old gp
(<0.2x10%/1).

Cases of a rather sudden rise in the blood eos
levels began at the age of 8—10 weeks. However, a
pronounced dispersion in the levels of blood eos was
found as a characteristic trait in gp of these 2 strains,
though the median blood eos count at this age was
still <0.5x 10%/1. At the age of 6—12 months 203
and 209 gp mainly are hyper-eos.

Levels of eos in tissue of unimmunized gp

The percentages of eos in the bone marrow, spleen
and trachea were investigated in 3-month and 6—12-
month-old gp of each of the strains (Fig. 3). In gp of
the 2 strains with high eos levels in blood these per-
centages were significantly increased at the age of
6—12 months. In the 2 low-eos strains there was no
such tendency, as can be seen from Fig. 3. It can
also be seen that a good correlation exists in all
strains, between the level of eos in peripheral blood
and the proportion of eos in the spleen. None of the
gp of the low-eos strains (740, 201-16) had more
than 39, eosinophilic cells in their spleens, whereas
the proportion increased steeply in all the gp of the
high-eos 209 strain, one even reaching 28

The percentage of eos in the bone marrow was
about the same in gp of all 4 strains at 3 months of
age. However, only gp of the high-eos strains (209,
203) had a considerably higher proportion of eos in
their bone marrow with increasing age.

With regard to the eos levels of trachea, it is evident
from Fig. 3 that in many cases there is no correla-
tion with the blood eos counts. The percentages of
eos in trachea smears in 3-month-old gp of the strains
740 and 201-16 with low-eos in the blood, were very
high compared with percentages of eos in the blood
and significantly higher than the corresponding val-
ues found in the 2 strains 209 and 203 with high-eos
in the blood. We have no explanation for that. The
number of eos could possibly be influenced by che-
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Fig. 3. Blood and tissue cosinophilic granulocytes in 3 and 6—12-
month-old guinea pigs of the strains IMM/S 209, 740 and IMM/R
201-16, 203. Eosinophilic granulocytes were counted in blood
(total count), and trachea, spleen and bone marrow (%, of all
cells).Columns with the same abscissa show results from the same
guinea pig.

motaxis caused by accidental inflammatory pro-
cesses.

Levels of eos in the blood of gp following different
Immunizations

The levels of blood eos in gp of the 4 strains were
investigated immediately before the first and the sec-
ond injection of 10 pg oa in AI(OH); and again 1, 2
and 3 weeks later. As seen from Fig. 4 the levels of
eos were unchanged during this period in gp of the
strains 201-16, 203 and 740, while a significant in-
crease was noted in gp of strain 209. Due to these
results we restricted the measurements of blood eos
to days 0 and 28 of immunization.

As controls, we treated some of the gp with PBS,
Al(OH), or FCA without addition of oa (Figs. 5, 6,
7).

Immunization with oa dissolved in PBS. Eos levels of
the immunized gp of strains 209 and 740 were not
significantly different from those of unimmunized gp
(Wilcoxon’s test) (Fig. 5).
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Fig. 4. Influence ol immunization on blood eos counts. 3-month-
old guinea pigs of the strains IMM/S 209, 740 and IMM/R 201-
16, 203 were injected intraperitoneally with 10 pg oa + AI(OH),
on days 0 and 7, eos counts were measured on days 0, 7, 14, 21
and 28. n = numbers of guinea pigs.
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Fig. 5. Influence of immunization on blood ¢os counts. 3-month-

old guinea pigs of the strains IMM/S 209 and 740 were injected
intraperitoneally on days 0 and 7 with 10 pg oa in PBS (A), with
PBS alone (B). or remained untreated (C). Eos counts were mea-
sured on days 0 and 28. n = numbers of guinea pigs.

Immunization with oa adsorbed on AI(OH);. Compared
with the findings in control animals, the immuniza-
tion caused a significant increase in blood eos counts
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Fig. 6. Influence of immunization on blood eos counts. 3-month-
old guinea pigs of the strains IMM/S 209, 740 and IMM/R 201-
16, 203 were injected intraperitoneally on days 0 and 7 with 10 pg
oa + Al(OH); (A), with AI(OH); alone (B), or remained untreated
(C). Eos counts were measured on days 0 and 28. n = numbers of
guinea pigs.

only in gp of the high-eos and high-asthma strain 209
(Mann-Whitney U-test) (Fig. 6).

Immunization with oa incorporated in FCA. The levels
of blood eos decreased significantly in all gp follow-
ing the immunizations with oa in FCA (p<0.005)
for all 4 strains, (Wilcoxon’s matched-pairs test),
though the alterations for strain 209 were particu-
larly striking.

Immunization with FCA alone was carried out
in gp of strains 209 and 740. Gp of strain 209
responded with a slight increase in the levels of blood
eos (Fig. 7).

Discussion

A possible correlation between susceptibility to res-
piratory anaphylaxis and development of eosino-
philia was studied in 4 strains of guinea pigs,
with high (IMM/S 209, 740) and low (IMM/R 201-
16, 203) susceptibility to respiratory anaphylaxis,
respectively (21).

The experience from humans (17, 24) and mice
(28) concerning background levels of eos in the blood
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Fig. 7. Influence of immunization on blood eos counts. 3-month-
old guinea pigs of the strains IMM/S 209, 740 and IMM/R 201-
16, 203 were injected intraperitoneally on days 0 and 7 with 10 pg
oa+ FCA (A), with FCA alone (B), or remained untreated (C).
Eos counts were measured on days 0 and 28. n=numbers of
guinea pigs.

is fairly comparable with our previous, limited ob-
servations on randomly bred gp, which showed that
all animals of the 3-month age group had blood eos
levels <0.4x 10°/1 (unpublished). On this basis
we decided to consider counts of <0.5x 107/1 as
“normal” and counts of >0.5 x 10%/1 as high-eos in
gp. Counts of >1.5x 10”/1 may be considered as
hypereosinophilia, as accepted for humans.

Levels of eos in the blood of unimmunized guinea
pigs

Two of the gp strains, one high-asthma strain and
one low-asthma strain, showed particularly high eos
levels with increasing age; nearly all gp of the 2 other
strains remained normal low-eos responders.

With increasing age (6-12 months), all the gp of
IMM/S 209 and nearly all gp of IMM/R 203 are
found to be hyper-eos. Even at the age of 2—3 years,
many being hypereosinophilic during months and
years, no obvious symptoms of disease have been
observed. This is contrary to the situation in the
human hypereosinophilic syndrome (2, 10).

The possibility that an exogenous eosinophilia-
stimulating factor is responsible for the high levels of

107



Winthereik et al.

eos was investigated. Thus we examined gp of the 4
strains for parasites of the skin, lungs and
intestines. No parasites or gross pathological alter-
ations were found. Likewise, examinations for micro-
bial infections gave negative results. The possibility
of a latent virus infection has not been excluded, but
viral eosinophilia has never been described.

It should also be emphasized, that the conditions
in the animal house were identical and of the same
high standard for all 4 strains, so that the differences
in the development of eosinophilia can hardly be due
to differences in the exposure to external agents (in-
haling dust from beddings and food pellets or eating
food pellets with antigenic constituents).

Percentages of eos in bone marrow, spleen and tra-
chea of unimmunized gp of the 4 strains

The proportional eos counts in bone marrow, spleen
and trachea increased markedly with age only in gp
of the 2 strains which develop blood eosinophilia
(Fig. 3).

We observed that the percentages of eos in the
spleen of the 2 low-eos strains were much lower than
those found in the strains with high eos in the blood.
In strains of mice with high eos response the spleen
was shown, besides the bone marrow, to be an im-
portant site of eos production (18).

Finally, we observed, in the 2 high blood eos
strains, 209 and 203, a relatively lower eos percentage
in the bone marrow and the trachea than in the low
blood eos strains, 740 and 201-16. However, several
investigators have reported that peripheral blood eos
responses do not necessarily reflect events in tissues
(12, 27).

This is also in accordance with the findings of
Geczy et al. (8) who demonstrated that gp with a
genetically determined resistance to a certain para-
site had more circulating eos than gp with suscepti-
bility to the same parasite, while the levels of eos in
the bone marrow were higher in the susceptible than
in the resistant gp.

FEosinophilic response to immunization

Fig. 6 shows that low-eos to high-eos transition
could be accelerated by systemic immunization with
0a/Al(OH); in the IMM;/S-strain 209 only. The
development of eosinophilia in the low asthma strain
203 may explain a disposition in this strain for
ocular hypersensitivity following immunization (22).
It is surprising that the IMM/S strain 740 with an
asthma-response comparable to that of strain 209,
has a stringent control of eosinophilia which can not
be released by Al(OH); immunization. However,
several investigators correlate the high incidence of
blood cos with the occurrence of the late asthmatic
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reaction (LAR) (1, 6, 14, 25, 32, 34). After allergen
exposure, eos in the blood increased in correlation
with the bronchial hyperreactivity only in patients
with LAR but not in patients with immediate-type
asthmatic reactions (IAR) (32).

Accordingly, the results of our investigations in-
dicate a difference between the 2 high-asthma strains
related to the high-eos and low-eos response. The
high-asthma and high-eos strain 209 is supposed to
have a dual anaphylactic response, including both
IAR and LAR, while the high-asthma and normal
low-eos strain 740 only develops the IAR.

Immunization with oa+ FCA led to significant
decrease in blood eos levels in all 4 strains of gp.
This has earlier been demonstrated and explained by
the appearance of an eosinophil-directed chemotac-
tic inhibitory factor, spontaneously produced in
FCA-treated gp (11, 30). As mentioned above, 209 gp
show no spontaneous reversion from high-eos to
low-cos, but this can be induced by immunization
with oa-FCA (Fig. 7). This may be of particular in-
terest for the study of possible therapeutic ap-
proaches to the human idiopathic hypereosinophilic
syndrome. Although it should be stressed that we do
not know whether human and guinea pig hyper-
eosinophilia develop by parallel cytologic mecha-
nisms, it must be of some value to have an animal
model that enables studies of the possible mecha-
nism of pathogenesis, therapeutic approaches and
the elucidation of a genetic basis. This latter aspect
will be the subject of a subsequent paper (35).

Acknowledgements

The authors wish to acknowledge the valuable help rendered by
Henrik Olesen, MD, Department of Clinical Chemistry, State
University Hospital. The excellent assistance of S. Olesen Larsen.
chief, Biostatistical Department, Statens Seruminstitut, in con-
nection with the statistical calculations is highly appreciated. This
study was supported by grants from the Carlsberg Foundation.
the Danish Medical Research Council and the Novo Foundation.

References

1. BRunuNzEEL PLB, DE MonNcHY JGR, VERHAGEN J.
KaurrMAN HF. The eosinophilic granulocyte an active par-
ticipant in the late phase asthmatic reaction? Bull Eur Physo-
pathol Respir. Clin Respir Physiol 1986: 22 Suppl. 7: 54-61.

2. CHusiD MJ, DALE DC, WEsST BC, WoLFF SM. The hy-
pereosinophilic syndrome. Analysis of fourteen cases with
review of the literature. Medicine. Analytical reviews of in-
ternal medicine, dermatology, neurology, pediatrics and psy-
chiatry. 1975: 54: 1-27.

3. CoLLEY DG. Variations in peripheral blood eosinophil levels
in normal and Schistosoma mansoni-infected mice. J Lab
Clin Med 1974: 83: 871-6.

4. DaHL R. Diurnal variation in the number of circulating eosi-
nophil leukocytes in normal controls and asthmatics. Acta
Allergol 1977: 32: 301-3.

5. DAHL R, VENGE P, OLssoN 1. Variations of blood eosino-
phils and eosinophil cationic protein in serum in patients with
bronchial asthma. Allergy 1978: 33: 211-15.




18.

20.

21

Dunn CJ, ELLiOoTT GA, OOSTVEEN JA, RICHARDS IM.
Development of a prolonged eosinophil-rich inflammatory
leukocyte infiltration in the guinea-pig asthmatic response to
ovalbumin inhalation. Am Rev Respir Dis 1988: 137: 541-7.
FriGas E, GLEICH GJ. The eosinophil and the patho-
physiology of asthma. J Allergy Clin Immunol 1986: 77: 527—
37.

GEeczy AF, ROTHWELL TLW. Genes within the major histo-
compatibility complex of the guinea pig influence susceptibil-
ity to Trichostrongylus colubriformis infection. Parasitology
1981: 82: 281-6.

GLEICH GJ, MoTosiMa S, FriGas E, KEPHART GM, Fu-
JisawA T, KRAVIS LP. The eosinophilic leukocyte and the
pathology of fatal bronchial asthma: Evidence for pathologic
heterogeneity. J Allergy Clin Immunol 1987: 80: 412-15.
HarDY WR. ANDERSSON RE. The hypereosinophilic syn-
dromes. Ann Intern Med 1968: 68: 1221-9.

. HirAasHIMA M. TasHIRO K, HAvAsHI H. The regulation of

tissue eosinophilia. 1. Coexistence of eosinophil chemotactic
factor and inhibitor in allergic skin lesions of Freund's com-
plete adjuvant-treated guinea pigs. Immunology 1984: 51:
441-50.

HupsoN G. Quantitative study of the eosinophil granulo-
cytes. Semin Hematol 1968: 5: 166-86.

. Hutson PA. CHUrRcH MK, CLAY TP, MILLER P, HoL-

GATE ST. Early and late-phase bronchoconstriction after al-
lergen challenge of nonanaesthetized guinea pigs. 1. The as-
sociation of disordered airway physiology to leukocyte
infiltration. Am Rev Respir Dis 1988: 137: 548-57.

Ioima H, IsHit M, YAMAUcHI K, et al. Bronchoalveolar
lavage and histologic characterization of late asthmatic re-
sponse in guinea pigs. Am Rev Respir Dis 1987: 136: 922-9.
KAy AB. Eosinophils as effector cells in immunity and
hypersensitivity disorders. Clin Exp Immunol 1985: 62: 1-12.
KAy AB. The cells causing airway inflammation. Eur J Respir
Dis 1986: 69: Suppl. 147: 38-43.

. KROEGEL C, CosTABEL U, BARNES PJ, MATTHYS H. Die

pathogenetische Bedeutung des cosinophilen Granulozyten.
2. Hypereosinophile Erkrankungen. Deutch Med Wochen-
schr 1988: 113: 1446-52.

Lammas DA, MiTcHELL LA, WAKELIN D. Genetic control
of eosinophilia in parasitic infections: Responses of mouse
strains to treatment with cyclophosphamide and parasite an-
tigen. Int J Parasitol 1988: 18: 1077-85.

. LAUFER P, CHRYSSANTHOPOULOS C, LAUFER R, HAUSE

LL. The determination of the eosinophil count: Comparison
of two techniques. J Allergy Clin Immunol 1987: 79: 438—41.
LELLOUCH-TUBIANA A, LEFORT J, SiMON MT, PFISTER
A, VARGRAFTIG BB. Eosinophil recruitment into guinea pig
lungs after PAF-acether and allergen administration. Modu-
lation by Prostracyclin, platelet depletion, and selective anta-
gonists. Am Rev Respir Dis 1988: 137: 948-54.

LUNDBERG L. Guinea pigs inbred for studies of respiratory

Genetic control of eosinophilia in guinea pig strains

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

anaphylaxis. Acta Pathol Microbiol Scand [C] 1979: §7: 55—
66.

. LUNDBERG L, BERTELSEN C, ZAVARO A, SAMRA Z, SOM-

POLINSKY D. Experimental allergic conjunctivitis in inbred
guinea pig strains with high respectively low bronchial aller-
gic reactivity. Allergy 1987: 42: 262-71.

LUuNDBERG L, KocH C, MAGNUSSON M, BERTELSEN C.
Characterization of two strains of selectively bred guinea pigs.
2. Differences in immune response to synthetic polypeptides.
Acta Pathol Microbiol Immunol Scand [C] 1983: 91: 187~
9s.

Mappox DE. Eosinophils. Assay and interpretation. Clin
Rev Allergy 1988: 6: 163-92.

De MoncHY JGR, KAUFFMAN HF, VENGE P, et al. Bron-
choalveolar eosinophilia during allergen-induced late asth-
matic reactions. Am Rev Respir Dis 1985: 131: 373-6.
OTTESEN EA, CoHEN SG. The eosinophil, eosinophilia and
eosinophil-related disorders. Allergy principles and practice
Vol. 2. C.V. Mosby, St. Louis, 1983: 701-70.

RotHwELL TLW, ABEYDEERA LR, GEczy AF. Relation-
ship between basophils and eosinophils in cutaneous basophil
hypersensitivity reactions in guinea pigs and susceptibility to
Trichostrongylus colubiformis infection. Int J Parasitol 1988:
18: 347-51.

SEWELL WA, Vapas MA. Evidence for the control of eosi-
nophilia by the major histocompatibility complex in mice.
Immunogenetics 1983: 17: 167-77.

SORENSEN M, JORGENSEN PN, LUNDBERG L. Character-
ization of two strains of selectively bred guinea-pigs. 1. Skin
transplantation experiments and screening for erythrocyte en-
zyme polymorphism. Acta Pathol Microbiol Immunol Scand
[C] 1983: 91: 181-5.

TasHIRO K, SAKATA KM, HIRASHIMA M, HAavyaAsHI H.
The regulation of tissue eosinophilia. 5. Induction of
lymphocyte-derived eosinophil chemotactic inhibitory factor
production by a macrophage product from complete Freund’s
adjuvant-treated guinea pigs. Cell Immunol 1987: 104: 1-11.
Vabas MA. Genetic control of eosinophilia in mice: Gene(s)
expressed in bone marrow-derived cells control high respon-
siveness. J Immunol 1982: 128: 691-5.

VENGE P, HaAkANssON L, PETERSON CGB. Eosinophil ac-
tivation in allergic disease. Int Arch Allergy Appl Immunol
1987: 82: 333-7.

WAKELIN D, DONACHIE A. Genetic control of eosinophilia.
Mouse strain variation in response to antigens of parasite
origin. Clin Exp Immunol 1983: 51: 239-46.

WaARDLAW AJ. Kay AB. The role of the eosinophil in the
pathogenesis of asthma. Allergy 1987: 42: 321-35.
WINTHEREIK MP, SPARCK JV, LUNDBERG L, SOMPOLIN-
sKY D. Genetic control of eosinophilia in guinea pig strains
inbred for high or low bronchial allergic reactivity. 2. A ge-
netic study of spontaneous and immunization induced eosi-
nophilia. Allergy (in press).

109



