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KINETICS AND HISTOPATHOTOGY OF THE EAR TH¡CKNESS TEST FOR DELAVED
HYPERSENSITIVIW IN MURINE LEISHMANIASIS

Gabriel GRIMALDI FILHO (1) and pamela Lane MORIEABTY (Z)

SUMMAR Y

c3H mice, infected for B, 5 ând. B months with Leishmania mexicana, were
evaluated by the ear thickness test for delayed-type hypersensitivity to leishma-
nial promastigote antigen. Ear thickness increase, which peaked at 4g hr after
antigen injection, was significantly greater in infected mice than in uninfected
controls. Histopathology of skin test sites showed significantly greater intensity
of mononuclear cell infiltration, vascular congestion, and edema in infected mice
than in controls. There was a significant correlation between a composite score
assessing intensity of these three histopathological features and. macroscopic ear
thickness measurements of infected mice. There was no correlation between ear
thickness and titers in any one of three serological tests using leishmanial anti-
gens. Advantages of the ear thickness test over other in vivo measures of delayed-
type hypersensitivity in mice are discussed.
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Because the development of cellular immu-
nity as a critical factor in determining the out-
come of infection with organisms such as My.
cobacteria and Leishmania, delayed-type hyper-
sensitivity (DTH) skin testing is frequenily em-
ployed in experimental investigations of these
infections. Footpad DTH testing of mice infecr-
ed with Leishmania r0,12,1s and Mycobacteria t,¡
has been described.

The ear thickness test is more sensitive
thar¡ the footpad swelling test for measuring
DTH responses to protein antigens in artificial-
ly immunized animals 13,14 but, to our knowled.-
ge, use of the ear thickness test in infected.ani-
mals has not been previously reported. In addi-
tÍon, available descriptions of histopathological
features of these DTH reactions in mice are li-
mited, making comparisons of results of differ-
ent investigators difficutt.

In a recent study of L. mexicana infection
in CBH mice 6 we selected the ear thickness tesr

INTRODUCTION

for assessment of DTH to leishmanial antigens.
'We report here the time course and a systematic
semiquantitative histopathotogical analysis of
this test, which indicated that it is reliable mea-
sure of DTH.

MATERIALS AND METHODS

Young adult C3H mice of both sexes were
infected by subcutaneous inoculation in the pe-
rinasal region with lOs.washed promastigotes of
L. mexicana gro'wn in LIT medium. Sera obtain-
ed at sacrifice after 3, 5 and B months of infec-
tion were tested individually for IgG and IgM
fluorescent antibodies and indirect hemaggluti
nating antibodies to promastigote antigen. De-
tails of parasite cultivation, serological tests,
and course of L. mexicana infection in CBH
micA are reported elsewhere 6.

Skin testing - L. mexican¿t promastigores
wqrp grown in NNN medium with ?.50/o rabbit
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blood and Hank's loalanced salt solution
(HBSS) overlay. Promastigotes were collected,
washed three times in HBSS, four times in
phosphate buffered saline, 0.15M pH 7.2 (PBS),
then resuspended in PBS and heat-killed at
50'Crr. The suspension was adjusted to 6x10+
organisms/o.o3 ml, with 0.4% phenol preserva-
tive. The PBS diluent with0.4Vo'ohenol (PPBS)
was used â,s a control.

Using a 1 ml disposable syringe and 27 g

l/2 in needle, 0.03 ml of parasite suspension
was injected intradermally into the dorsal sur-
face of the ear. Ear thickness was measured
with a Starrett micrometer caliper; then mean
of three successive measurements of the same
ear was taken as the ear thickness.

A group of I mice were tested after 3

months of leishmanial infection with PPD (RT
23, \Mith 0.005% Tween 80, National Tuberculo-
sis Division, Brazilian Ministry of Health). A
dose of 0.03 ml containing 0. ? UT was tested
as for leishmanial antigen.

Pathology - Segments from skin test sites
were fixed in buffered L0% f.ormalin, pH 7.0,
embedded in paraffin, and sections were stain-
ed with haematoxylin and eosin (HE). Sections
were examined blind and scored on a scale of
0 - not observed; 1 - slight; 2 - moderate;
3 - marked; 4 - intense, for the following

features: epidermis - hyperkeratosis, necrosis,
hyperplasia, intercellular edema, bulla or vesi-
cles, cellular infiltrate; dermisperivascular mo-
nonuclear cells, intervascular mononuclear
cells, granulocfies, plasma cells, vascular con-
gestion, erythrocyte extravasation, edema, and
fibrosis.

Staúistical analysis - Ear thickness differ-
ences v/ere analyzed by the nonparametric rank
sum test 16. Mean histopathology scores \¡¡ere
compared by Student's t test l¡, and correlation
of ear thickness and histopathology scores by
the correlation coefficient, r z.

RESULTS

Injection of PPBS caused a slight but sig-
nificant (p < 0.01) increase aloove the normal
ear thickness of CBH mice. There was no differ-
ence between ear thickness after ppBS injection
and after injection of leishmanial antigen in
uninfected mice (Fig. 1). Four mice tested, after
3 months of leishmanial infection had signifi-
cantly increased ear thickness responses which
peaked at 48 hr (p < 0.01) and remained elevat-
ed to 96 hr (Fig. 1). Significantly increased ear
thickness at 48 hr was also observed in ? mice
tested after 5 months of infection (0.b28 I
0.053mm, p 4 0.01) and B mice tested after B

months of infection (0.514 I 0.065 mm, p q
0.01).
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Fig. 1 - Eal thickness (mean t stan-
dard deviation) as a function of time
after antigen injection. (.-.) -infected mice injected v¿ith leishma-
nial antigen (N - a); (tl.---!) -infected mice injected with PPBS
(N : 4); (H), uninfected mice
injected with leishmanial antigen
(N : 6); hatched areâ represents
mean t standard deviation of ear
thickness of normal C3H mice (N:11)r

72

in hours



GR,IMALDI FILHO, G. & MOR,IEAR,TY, P. L.
sensitivity in murine leishmaniasis. Rev,

Eight animals infected for 3 months with
leishmania were tested with PPD. Ear thickness
at 48 hr of infected mice (0.320 i 0.016 mm)
did not differ significantly from that of simi
larly tested normal mice (0.320 i 0.029 mm).

Rarely the bleb formed by antigen injection
was not resorbed, and the ear retained a fluid-
filled hematoma at 48 hr. This wâs observed in
both infected and uninfected animals, after in-
jection of both PPBS and antigen, in approxi-
mately 4% of. tests performed.. Such test sites
were excluded from the ear thickness and his-
tological analyses.

Histological alterations of ear thickness
test sites at 48 hr were restricted to the dermis
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and included presence of intervascular mononu-
clear cells, granulocytes, vascular congestion,
edema, and extravasation ol erythrocytes (Ta-
ble I, Fig. 2). The group mean score of infect-
ed mice tested with leishmanial antigen was sig-
nificantly greater than the group mean score of
uninfected animals tested with the same anti.
gen for three features: intervascular mononu-
clear cells, congestion and edema. Mean total
histopathological scores and total scores for
these three features also d.iffered significanily
between the two groups (Table I). Histological
results at g6 hr for 4 mice infected B months
were similar to those of 48 hr; intervascular
mononuclear cells, congestion and edema re_
mained prominent, but granulocyte infiltration
had diminished (mean total score : 5.5 i 1.0).

Groupl

Injection
Ear Thicknessr

Histopathological
Feature

TABLE I
Group meân scores for histopathological features of ear thickness reactions

1. fntervasculat mononuclear cells
2. Vasculat congestion
3. Edema
4. Granulocytes
5. RBC Extravasation
Total Score
Total of Features 1,2,8

2.

4.
5.

6.

Number of mice in parentheses. Group C mice infected
Leishmanial promastigote antigen
All values are mean È standard deviation
Rank sum test
For scoring system, see text
Student's t test

lr. Control
+ lnfected (12)

PPBS
0.349 i .026 mm

Among mice infected for b and B months
there was a moderate but significant conela_
tion (r : 0.555, p ç 0.0b) between macroscopic
ear thickness and total histopathological score
for mononuclear infiltration, congestion and
edema (Fig. 3). There was no correlation in
infected animals between ear thickness at 48hr and titers 0og 2) of IgG fluorescent anti_
body (r : 0.126, p > 0.05), IgM fluorescent
antÍbody (r : 9.239, p ¡ 0.05) or indirect he_
magglutination antibody (r _ 0.049, p > 0.05)
to leÍshmanial antigen. There was no apparent
relation between ear thickness and size õi l.irfr_
rnanial lesion.

0

0.50 + 0.6?

0.83 + 0.83

0.25 + 0.45

0.17 È 0.5?

1.75 r 1.66

1.33 i 1.44

B. Controi (6) C, Infected (15)

Lersn= Leish
0.352 + .020 0.521 + .058

Group Mean Sco¡e¡

0.25 È 0.42

0.83 + 0.?5
1.17 ! 0.98

1.00 i 1.26

0.17 10.41
3.42 ! 3.L7
2.25 + t.84

5 or I months with L. mexicana

BvsC

þ ( 0.01,

2.33 + 0.62

1.?3 + 0.59

2.00 + 0.93

1.80 i 0.86

1.00 ! 1.36

8.8?:L 3.25

6.07 + 1.6?

DISCUSSION

In evaluating a test as an indicator of de_
layed-type h¡r'persensitivitv, several factors must
be considered, including specificity, time course
of the response, and histopathology of the reac_
tion site. Mice differ in several respects from
other species, including guinea pigs and hu_
mans, in their delayed hypersensitivity respon_
ses. Thus, in mice ind.uration may be less pro-
nounced, and granulocytes are often a promi
nent histopathological feature, especially at 24
hr 3's.

t29

p < 0.0054
p < 0.005
p < 0.05

NS
NS

p < 0.005
p < 0.005
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ficially, the subjectiveness inherent in histolo_
gÍcal analysis and to permit assessment of the
contribution of several factors to the response.
In the present case the intensity of three differ_
ent features associated with cellular immune
responses 3.4, mononuclear cell infiltration. vas_
cular congestion and edema, was significanily
greater in infected animals than in uninfected.
controls. In addition, a composite score assess_
ing the intensity of these three features coï_
related with ear thickness.

The ear thickness test is only one of seve_
ral techniques for measuring DTH in mice, but
it has several advantages over other procedu_
res. Accurate measurements are facilitated by
the large flat surface and lack of flexibititv of
th^ ear compared to the paw. The test site can
be divided easily into several representative
samples for multiple fixation techniques, and
histological processing need not included Cle_

calcification steps. Advantages over radioisoto.
pe arrival techniques i,r3 i¡slucis greater simpli
city, reduced cost and absence of necessity to
sacrifice the animal to perform the test. Some
workers prefer the rear paw as a site for leish_
manial infection. Experimental procedures in-
volving front paws are not recommended be_
cause the animal uses these to manipulate food.
The ear offers an alternative site for skin test-
ing in such cases. The main disadvantage of

40 ,,5 50

far lhickness t¡¡¡¡ x /['z ¡

Fig. 3 - Correlation (r = 0.555, p ( 0.0b) between
ear thickness and total histopathological score for
mononuclear cell infiltration, vascular congestion and
edema in leishmanial antigen intradermal tests of
mice infected 5 or I months with Leishmânia mexica.
na (o). Values for uninfected control mice (0),
which fall mostly below the line, are included for
comparrson. For histopathologicâl scoring system,

see text.
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test lies in the greater difficulty of injecting
antigen accurately into the mouse ear, than into
the footpad. However, with some practice and
with the help of an assistant to immobilize the
animal, a high rate of successful placement of
antigen can be obtained. Inadvertent incorrect
(i.e. subcutaneous) placement of antigen is vir_
tually impossible since such tissue is minimal
in the ear. The use of anesthetics, though they
may facilitate the operation, is not strictly ne-
cessary, and they were not used in the nresent
study.

Because of the large variability of immune
responses in different mouse strains e,r4i adap-
tation of the ear thickness technique to testing
with other host-parasite combinations would
obviously require standardization of the system.
Nevertheless, the sensitivity and ease of histo-
Iogical analysis of this test should make it wide_
ly applicable.

RESUMO

Cinética e histopatologia do teste de espessa.
mento de orelha para sensibilidade tardia na

leishmaniose murina

Camundongos C3H, infectados com Leish"
mania mexicana durante 3,b e B meses, foram
avaliados, através do teste de espessamento da
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orelhâ, para a reação de hipersensibilidade re-
tardada aos antígenos de formas promastigotas
do parasita. O aumento da espessura da orelha,
o qual teve seu pico 48 horas após a injeçáo
antigênica, foi significantemente maior nos ani-
mais infectados do que nos controles não infec-
tados. A histopatologia do sítio do teste intra-
dérmico mostrou intensidade significativamente
maior da infiltraçáo de células mononucleares,
da congestão vascular e do edema intersticial
nos animais infectados, quando comparados
com os controles. Houve, tambóm, uma corre-
lação significativa entre a intensidade desses
três achados histológicos, analisados no seu
conjunto, e as medidas macroscópicas da espes.
sura das orelhas dos animais infectados. Entre-
tanto, não houve nenhuma correlâçáo entre o
teste do espessamento das orelhas e os tÍtulos
em qualquer um dos três testes sorológicos efe-
tuados, utilizando-se antígenos específicos. São
discutidas as possíveis vantagens deste teste de
espessamento da orelha, em relação aos outros
testes in vivo, de avaliação de hipersensibilida-
de retardada.

REFERENCES

1. ALEXANDER, J. & CURTIS, J. - Development of
delayed hypersensitivity responses in ll/IJ¡cobacterium le.
praemurium infections in resistant and susceptible
strains of mice. Immunolog:y 36: 563-56?, 1979.

2. COLTON, T. - Staúistics in Medicine. Boston, Little,
Brown and Company, 1974, 201'21,4-

3. CROWLE, A. J. - DelaJ-ed hypersensitivity in the mou-
se. Adv. Immunol. 20: 197-264. 19?5.

4. ÐVORAK, H. F.; MIHM, M. C.; DVORAK, ¡,. M.;
JOHNSON, R. ,q,.; M,{NSEAU, E. J.; MORGAN, E. &
COLVIN, R. 8..- Morphology of,delayed type hyper-
sensitivity reaction in man. I - Quantitative desclip-
tion of the inflammatory response. Lab. Invest. 31:
111.130,1974.

5. GODFREY, H. P. & GELL, P. c. H. - Cellular and
molecular events in the delayed onset hypersensitivities.
Rev. Physiol. Biochem. Pharmacol. 84: 1.92, 1978.

6. GRIMALDI, G. F.; MORIEARTY, P. L. & HOFF, R,.

- Leishmania mexicana: Immunology and histopatho-
logy in CAH mice. Exper. Paræit. 49: 1980 (In Press).

H¡,NDMAN, E.; CEREDIG, R. & MITCHELL, G. F. -Murine cutaneous leishmaniasis: Disease patterns in
intact and nude mice of various genotlpes and exa-
mination of some differences between normâl and in-
fected macrophages. Australian J. Exper. Biol. Med.
Sci. 5?: 9-29, 19?9.

KONG, I.-C. M.; SAVAGE, D. c. & KONG, L. N. L.

- Delayed dermal hypersensitivity in mice to sphe-

rule and mycelial extracts of Coccidioides immitis. J.
Bæt. 91: 876-883, 1966.

MITSUOKA, IT.; TER,,\MATSU, T.; BABA, M.; MORI.
KA\.VA, S. & YASUHIRA, K. - Delayed hypersensiti-
vity in mice induced by intravenous sensitization with
sheep erythrocytes: Evidence for tuberculin type de-

layed hypersensitivity of the reâction. Immunology 34:

363-3?0. 19?8.

PEREZ, H.; LABRADOR, F. & TORREALBA, J. W. -Variations in the response of five strains of mice to
Leishmaniâ mexi@na. Inter. J. Parasitol. 9t 27-32, 19'19-

PESSOA, S. B. & BARRETTO, M. P. - Leishmaniose
Tegmentar Americana. São Paulo, Ministédo da Edu-
câção e Saúde, Seiliço de Documentaçáo, 1948, 349.

PRESTON, P. M.; CARTER, R,. L.; LEUCHARS, E.;
DAVIES, A. J. S. & DUMONDE, D. C. - ExperimentaL
cutâneous leishmaniasis. III - Effects of thymectomy
on the course of infection of CBA mice with Leishma.
nia úropica. Clin, Exper. Immunol. 10: 33?-357, 1972.

ROBINSON, J. H. & NAYSMITH, J. D. - A comparj.-
son of four methods for measuring cutaneous delayed
type hypersensitivity reactions to protein antigens in
the mouse. Scand, J. Immunol. 5: 299-304, 1976.

RUDDLE, N. II. - Delayed hypersensitivity to soluble
antigens in mice. I - Analysis in vivo. Inter. Arch.
Allergy AÞpl. Immunol. 57: 560-566, 1978.

SMRKOVSKI, L. I. & LARSON, C. I. - Antigenic
cross-reactivity between Mycobâcterium bovis (BCG)

and Leishmânia donovani. Infect. Immun. 18: 561-562,

1977.

SNEDECOR, G. t'V. 
-Statisticel Methods Applied to

Experiments in Agriculture and Biology, 5th Ed. Ames,
Iowa, Iowa Stâte University Press, 1956, 85-121.

7.

9,

IO

12

lÐ

L32

Recebido para publicação em 23i7/1980.




