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Role of Host Granulomatous Response
in Murine Schistosomiasis Mansoni

EOSINOPHIL-MEDIATED DESTRUCTIONOF EGGS

G. RICHARDOLDs and ADEL A. F. MAHMOUD,Division of Geographic Medicine,
Department of Medicine, Case Western Reserve University and
University Hospitals, Cleveland, Ohio 44106

A B S T RA C T Eosinophils form 50% of cells in the
host granulomatous response to Schistosoma man-
soni eggs, but their functional role in these granulomas
and their relation to egg destruction is unknown.
We have studied the course of S. mansoni infection
in mice treated with normal rabbit serum (NRS) or de-
pleted of their eosinophils by monospecific anti-eosino-
phil serum (AES). At 6-wk of infection (after 2 wk of
egg deposition) the AES-treated animals were similar
to NRS-treated controls with the exception that hepatic
granulomas in the AES-treated animals were 50%
smaller and devoid of eosinophils. At 8 wk of infection,
AES-treated mice had significantly higher mortality,
spleen weight, portal pressure, and 80% more eggs
retained in their livers. These data suggest that eosino-
phil depletion delayed egg destruction. We sub-
sequently studied destruction of eggs injected into
the pulmonary microvasculature of sensitized mice.
2,000 S. mansoni eggs were intravenously injected
into the tail veins of mice treated with NRS, anti-neu-
trophil serum, AES or ATG (anti-thymocyte globu-
lin); at time intervals the remaining eggs were re-
covered from the lungs by tissue digestion. Egg re-
covery from NRS- or anti-neutrophil serum-treated
mice began to decrease by day 16 and the percent re-
covery of eggs at day 24 was 55 and 52%, respectively.
In contrast, animals treated with AEShad smaller lung
granulomas that were devoid of eosinophils and a
marked delay of egg destruction was seen. It took un-
til day 44 for 50% of the eggs to be destroyed. In ATG-
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treated animals smaller granulomas were seen that
had diminished lymphocytes and also 75% less eosino-
phils. ATG treatment apparently slowed egg destruc-
tion but was not statistically significant. Our data define
the role of the eosinophils in destruction of schisto-
some eggs in vivo and delineates the protective func-
tion of these cells within the host granulomatous
response.

INTRODUCTION

Eosinophilia is the hallmark of helminth infections,
particularly those with a tissue migratory phase (1, 2).
In murine schistosomiasis mansoni, the onset of periph-
eral blood and bone marrow eosinophilia coincides
with egg deposition in the host tissue (6 wk after
infection) (1). Recently, we have initiated a series of
studies on the role of eosinophils in schistosomiasis
and other helminth infections (1, 3, 4) after the
development of a monospecific anti-eosinophil sertum
(AES)' (5). This investigative tool has enabled us to
delineate in vivo the role of the eosinophil in protect-
ing mice against the larval stage of Schistosoma man-
soni (3) and Trichinella spiralis (4). Furthermore, the
antiserum has been uised to deplete the eosinophils
from leukocyte suspensions and to study in vitro the
conse(luences of their absence on destrtuction of the
multicellular larvae of helminth parasites (6-8).

In the present investigation we turn our attention to
the relationship between the eosinophil and the schis-
tosome eggs retained in the host tisstue. S. mansoni
worms reach maturity 4-6 wk after infection and pro-
ducte on the average 300 eggs/d per worm (9). Almost
half of these eggs are carried to the ouitside with the

Abbreviations tused in th1is piper: AES, anti-eosinophil
serulm; ANS, aniti-nietitrophil serumiii; ATG, ainti-thymocyte
globulin; NRS, norimial rabbit seruni.
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fecal excreta; the remainder are retained in the host
tissues (10). These trapped eggs elicit a delayed hyper-
sensitivity granulomatous response that is several
times its size (11). Investigations in this laboratory and
others have elucidated the cell-mediated nature of
the granulomatous response and its role in the patho-
genesis of disease in schistosomiasis (11-14). Further-
more, it has been suggested that the host granuloma-
tous response leads to egg destruction (15). These
granulomas consist of several cell types, mainly eosino-
phils, macrophages, and lymphocytes (16). Their func-
tional role and the contribution of their cellular
components to the ultimate elimination of the eggs from
the host tissues is unclear. Recently James and Colley
(17-20) reported that co-culturing schistosome eggs
and eosinophil-rich peritoneal exudates in vitro re-
sulted in preferential adherence and invasion of
their shells by the eosinophils. Their studies suggest,
therefore, that eosinophils play a defined role in egg
destruction in vitro.

The current investigations were designed to use AES
to examine the effects of eosinophil depletion on the
course of S. mansoni infection in the mouse. In the
AES treated mice, increased morbidity and mortality
was observed, as well as significant retention of schis-
tosome eggs in their tissues. Furthermore, a marked de-
lay in egg destruction in the lungs was observed in the
eosinophil-depleted mice, but not in mice treated with
anti-neutrophil serum (ANS), anti-thymocyte globulin
(ATG) or normal rabbit serum. Our studies show that
the presence of the eosinophils within the granuloma-
tous response around S. mansoni ova serves a vital
role related to destruction of the parasite eggs.

METHODS
Animals. Young adult female mice of CF-I strain

(22-26 g body wt) were obtained from Carworth Farms, Inc.,
New City, New York. Inbred female mice of the C57BL/6J
strain (18-22 g) were purchased from Jackson Laboratories,
Bar Harbor, Maine.

Antisera. Monospecific AESwas raised in rabbits injected
subcutaneously with purified suspensions of mouse eosino-
phils in complete Freund's adjuvant as described (5).
Neutrophil-rich peritoneal exudates were stimulated by in-
jecting normal CF-I mice intraperitoneally with 3 ml of 3%
proteose peptone in 0.85% NaCl; 15 h thereafter the animals
were similarly injected and the peritoneal exudate cells har-
vested at 3 h. The cells were purified on a Hypaque density
gradient, mixed with complete Freund's adjuvant (Difco Lab-
oratories, Detroit, Mich.) and injected into rabbits (21). The
specificity of these antisera was evaluated in vitro and in vivo
as described (21). Rabbit ATGwas purchased from Microbio-
logical Associates (Bethesda, Md.); the lyophilized material
was reconstituted with 20 ml of 0.85% NaCl and ali-
quoted before freezing. All rabbit sera were heat-inactivated
at 56°C for 30 min and were administered intraperitone-
ally in doses of 0.25 ml according to the schedules described
below. Control mice were given similar injections of heat-
inactivated normal rabbit serum (NRS).

Effect of eosinophil depletion on the course of S. mansoni

infection. Mice were infected by the subcutaneous injection
of 25 cercariae of a Puerto Rican strain of S. mansoni (22).
At 4 wk after infection (i.e., before the onset of oviposi-
tion), half of the animals received three weekly injections of
AES and the other half received NRS. The effects of antisera
injections were also evaluated in groups of normal mice. Dur-
ing the subsequent 4-6 wk, all mice were observed for
changes in body weight and mortality. Samples of peripheral
blood were obtained weekly from six randomly selected
mice, from each group, for determination of the total
eosinophil and leukocyte counts.

At 8 wk of infection, randomly selected groups of AES- and
NRS-treated animals were weighed and anesthetized with an
intraperitoneal injection of sodium pentobarbital (Diamond
Laboratories, Inc., Des Moines, Iowa). A laparotomy was per-
formed and a needle connected to a pressure transducer was
inserted into the portal vein and the blood pressure was re-
corded (23). When the needle was removed blood was col-
lected for hematocrit determination. The chest was then
opened, and the gastroesophageal junction was examined for
the presence of varices. Adult schistosome worms were re-
covered from the portal circulation by perfusion with saline
through the inferior vena cava just above the hepatic vein;
the worms were collected in conical flasks and counted (24).
The liver and spleen were removed and weighed. A small
portion of the liver was preserved in 10% buffered formalin
for histopathologic examination, and the remainder of the
organ was reweighed and frozen for subsequent counting of
eggs after tissue digestion in potassium hydroxide (25).
Hematoxylin- and eosin-stained sections of the liver
were used to determine the size of the granulomatous re-
sponse around eggs deposited in that organ. Measurements
of two perpendicular diameters of the inflammatory response
around single schistosome eggs freshly deposited in the
livers (as judged by the maturity and eosinophilic
stain of the miracidium) were made by a Vickers image shear-
ing measuring device, (Vickers Instruments, Inc., Woburn,
Mass.). At least 20 granulomas were measured per liver, the
mean diameter of the granulomas in each animal was com-
puted, and the mean for each experimental group was used
for statistical analysis using the Student's t test.

Effect of antisera on egg destruction in the lung. To study
the effect of depletion of various leukocytes on the rate of
egg destruction, we used the isolated lung granuloma model
in which eggs are injected into the tail vein of mice and are
trapped in the pulmonary microvasculature (26). At time in-
tervals thereafter, eggs can be recovered by removing the
lungs and digesting the tissues by KOH. If the animals were
sensitized by pre-exposure to the eggs subcutaneously the
number of eggs recovered decreased significantly (27). We,
therefore, used egg sensitized animals to construct ova de-
struction curves in control and leukocyte-depleted mice. S.
mansoni eggs were obtained from the livers of 8-wk infected
mice and suspended in 0.85% NaCl at a concentration of 4,000
eggs/ml. C57BL/6J mice were sensitized by the injection of
2,000 eggs subcutaneously and 2 wk later a similar number of
eggs was injected into the tail vein. AES, ANS, ATG,
and NRS injections were started on the day before the intra-
venous injection of the eggs and were continued three times
weekly for the duration of the experiment. At various time
intervals after the intravenous egg injections, groups of treated
and control mice were randomly selected and killed by over-
dose of sodium pentobarbital. The chest cavity was opened,
the lungs were removed, and the organs from each mouse
were placed in a Waring blendor (Waring Products Div.,
Dynamics Corp. of America, Hartford, Conn.) and ground at
medium speed for 2 min with 25 ml of 0.85% NaCl. Lung frag-
ments were transferred to a flask containing 50 ml of 80 g/liter
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KOHandcl anl additionaitl 25 ml of' NaCi was tisedl for washing
the blendor to bring the total volume to 100 ml. The flasks
were then incubated at 37°C for 3 h with intermittenit agita-
tion; (lIua(lrtiI)licate 1 ml aliqiuots were removed andl the num-
l)er of eggs couinted oni a Sedgwick-Rafter chamber (Cturtin-
Matheson Scientific, Houston, Tex.). The mean recovery for
each group of mice was calctulated and used for statistical coIml-
parison wvith other grouips uising the Stuidents t test.

Sizc a1(d celluilar composition of putlinonary egg gracn-
lulom71as. 8 d after intravenous injection of eggs, grouips of
antisera-treated and control animals were anesthetized with
intraperitoneal soditum pentobarbital. In some animals the
Ilungs wvere inflated with buffered 10% formalin and processedl
ftor measuirinig grantulomiia size b1 ir.Mc particle measturement
comiptuter (Millipore Corp., Bedford, Mass.) (28). In other
experimiients the lungs \vere inflatedl with I ml 0.85% NaCl,
removed and homogenized in a Waring blendor at low speed
for 30 s to separate the intact granulomas. The contents
of the blendor were transferred to conical flasks, allowed to
settle for a fewv minuiltes, and then washed twice with 200
ml of saline. Aliqutots of the intact granulomnas settling to the
bottom of the coniical flasks were aspirated and transferred
to p)etri dishes. Gracnutlomiias were removed \vith a Pasteuir
pipette aned cotunted; 50 intact grannulomiias were placed in a
12 x 25 mmn plastic tube (No. 2054, Falcon Labbware, Div.,
Becton Dickinson & Co., Oxnard, Calif.) to which 0.5 mnl of
10 mg/ml collagenase, (\Vorthington Biochemical Corp.,
Freehold, N. J.), 0.05 ml of a 10 mg/ml pronase solution
(Cal-Behring Corp., American Hoechst Corp., San Diego,
Calif:), and 0.01 ml of heat-inactivated fetal calf sertum
(Flow Laboratories, Inc., Rockville, Md.) was added (16).
After 60 min of intermittent agitation at 37°C, the grantu-
lomas were dispersed into their individual cellular com-
ponents. The cell siuspension was washed twice in phosphate-
buffered saline supplemented with 10% fetal calf serum.
Total cell cotunts were performed in a Coulter counter
(Coulter Electronics Inc., Hialeah, Fla.). The counts obtained
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were divided by 50 to compute total cell numbers per granu-
lomla. Differential couints were made oni cvtocentrifuge
preparations (Slhancdoni elliott cvtospin, Shalnidoni Souithern
Instruments Inc., Scientific, Sewickley, Pa.), fixed in methanol
f{)r 10 min, and vere stainiecl with tetraclhrome staini.

RESULTS

Eosinophil depletion in mice infected with S.
mansonii. The mean eosinophil couints in the periph-
eral blood of normal CF-I female mice was 31±6/mm3.
It increased in 7 wk S. mansoni-infected animals to
79±6/mm3 (P > 0.01) and by 9 wk it was significantly
elevated to 235±63 eosinophil cou1nts/1mm3 (P < 0.02)
(Fig. 1). In contrast, no eosinophils were detected in
the peripheral blood of AES-treated animals through
the 8 vk of infection, and at 9 wk the mean couint was
31±24/mm3, which is only 13% of that detected in
NRS-treated controls (P < 0.02). Mortality in AES-
treated infected mice was first observed at week 7,
when 20% of the animals were dead compared to none
in the infected controls. The cumulative percent
mortality in this grouip was 46 and 88 at 8 and 9 wk,
respectively. Whereas none of the infected control
mice died at 8 wk, only 5% mortality was observed
9 wk after infection. Serum treatment in uninfected
mice for 4 wk (AES or NRS) was not associated with
decreased survival.

For parasitologic and pathologic evaluation, four
groups of animals were studied at 6 and 8 wk after
cercarial exposure. At 6 wk of infection, in the S.

TION OF
ISERA
iTMENT

1

4 5 6 7

TIME (WEEKS)

FIGURE 1 The effect of NRSor AES treatment on the total peripheral blood eosinophil counts
of animals infected with 25 S. mansonii cercariae. Antisera treatment was started at veek 4 and
continued through week 9. Each poiInt represents the mean counts of six randomly selected
micenieSENM.

Eosinophil-mediated Destruction of Schistosoma mantsoni Eggs In Vivo 1193



TABLE I
Effect of AES and NRS Treatment on Uninfected Mice and Animals Infected for 6 wk with 25 S. mansoni Cercariae

Paranmeter

Body Liver Spleen Portal Hemato- Diameter of
I1 weight weight weight pressure crit Eggs/liver granulomas

g mlig in7g cm H20 gm

Uninlfectedl Imliee
NRS-treated* 6 28±1.04 1,322+321 90±15 5.1+0.3 45+0.7
AES-treated 6 28±1.0 1,401±216 98+10 5.3±0.6 44±0.9 -

Schisto-inifected miiice
NRS-treated 7 26±0.6 2,289±221 354±43 9.3±1.1 41+1.0 3,110+ 1,250 380±20
AES-treattedl 6 27±1.0 2,397±162 442±38 8.8±1.0 38+1.1 3,412±810 190±20§

* Aitiseria treaitmiienit was startecl at week 4 after infectioni and continuiied three times a week through week 6. All animals were
thein kille(d att week 6 anid various patlhological ancd parasitological parameters of disease were quantitated.
t Ieean±SE.
§ Significantly dlifferent f'roimi NRS-treated conitrols, P < 0.001.

mansoni-infected animals treated with NRS, liver
weight increased by 40% (P < 0.05) and spleen weight
by 293% (P < 0.005) (Table I). The mean portal
pressure of uninfected mice was 5.1+0.3 cm H20 and
increased by 82% to 9.3± 1.1 cm H20 in 6 wk infected
animals (P < 0.01). The mean egg counts recovered
from the livers of infected NRS-treated mice was 3,110
+ 1,250 eggs/liver. The mean granuloma diameter
around freshly deposited eggs was 380±20 um.
Examination of stained liver sections showed that
-50% of the cells constituting the egg granulomas
were eosinophils. The major disease manifestations
due to schistosomiasis mansoni in the eosinophil
depleted mice at 6 wk were similar to those treated
with NRS(Table I). The degree of hepatic and splenic

enlargement (71 and 351%) and portal hypertension
(66%) was not significantly different in the two infected
serum-treated groups. In contrast, the eosinophil-
depleted mice developed a mean granuloma diameter
of 190+20 ,um, which was 50% less than the NRS-
treated controls (P < 0.005). Histopathological ex-
amination of the smaller granulomas in the AES-
treated mice showed no detectable eosinophils. The
intensity of infection was similar in the two groups
as there was no difference in the mean number of
worms recovered (Table I).

At 8 wk of infection NRS-treated mice manifested
the advanced stage of hepatosplenomegaly due to
schistosomiasis mansoni (Table II). The mean liver
and spleen weights increased to 136 and 340% of

TABLE II
Effect of AES antd NRSTreatment on Unitnfected Mice and Animals Infected for 8 wk with 25 S. mansoni Cercariae

Paramiieter

Bodv Liver Spleeni Portal Heiniato- Dianmeter of Adult
?I weight sveight weight pressure crit Eggs/liver grainulomas worms/mouse

g mlug m11g cmHn()Hm

Ulninfectel mllice
NRS-treated]* 6 29 1 1,352+ 192 102+ 10 5.5+(0.8 46+(0.9
AES-treatedl 6 29±. 1 1,395±212 127±15 5.2±0.9 45±1.1

Schisto-inifected imlice
NRS-treatecl 9 28+1 3,189+181 449+37 11.5+0.6 31±2.0 7,476+809 425+30 15+1
AES-treated 12 29+1 3,344+234 632+30§ 15.2+0.8§ 28±1.5 12,429+2,617"1 260+15¶ 15+2

* Antiser-a treatment was startedl at week 4 after infection and continiued three times a week through week 8. All animals were
theni killedl aIt week 8 andl various pathological and parasitological parameters of disease were quantitated.

Mlean SEM.
§ Significanitly (lifferent f'romii NRS-treated conitrols, P < 0.01.

Significaintly dlifferent from NRS-treated controls, P < 0.025.
¶ Signiificanitly (lifferent from NRS-treated conitrols, P < 0.001.
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control values in normal uninfected NRS-treated mice,
respectively. Both values are significant at the 1%
level. The mean portal pressure was 11.5±0.6 cm
H2Oand the hematocrit dropped to 31±2%. An average
of 7,476±809 eggs per liver was recovered from these
animals and the mean granuloma diameter was 425
±30 Am. Mice treated with AES and examined at
8 wk of infection showed no significant differences in
the numbers of adult worms recovered from their portal
circulation when compared to NRS-treated controls
(Table II). The clinical disease in the eosinophil-
depleted mice, however, was significantly different
from NRS-treated controls. The mean spleen weight
was 40% higher and the mean portal pressure was
32% higher (P < 0.025 and P < 0.05, respectively).
Furthermore, the mean granuloma diameter in the
livers of AES-treated mice was 39% smaller (260±15
vs. 425±30 tLm, P < 0.001). The most striking differ-
ence between these two groups was in the number of
eggs recovered from their livers. Whereas a mean
of 7,476±809 eggs/liver was recovered from the NRS-
treated mice, the mean value for the eosinophil-
depleted animals was 80% higher (12,429±2,617
eggs/liver, P < 0.025).

Effect of leukocyte depletion on the rate of egg
destruction in the lungs. A decay curve was con-
structed for the rate of disappearance of a known
number of S. mansoni eggs injected into the pulmonary
vasculature of previously sensitized mice (by a sub-
cutaneous injection of 2,000 eggs). In control NRS-
treated mice, of a mean of 2,000 eggs injected intra-
venously, the recovery of eggs 1 d later averaged
1,950±104 (Fig. 2). At day 8, a mean of 1,905±120 eggs
was obtained which was not significantly different
from day 1. By day 16, the first significant decrease in
egg counts was detected; the percent recovery was 73
(P < 0.025) and it decreased to 43 on day 32 (P
< 0.001). Lungs removed from animals at 44 d {con-
tained a mean of 18% of the eggs recovered on day 1
(P < 0.001). Regression analysis of the rate of dis-
appearance of the schistosome eggs showed that
previously sensitized mice destroy half of the eggs
injected into their lungs in 27 d. On the other hand,
mice treated with AES showed a significant delay in
the rate of egg destruction (Fig. 2). During the first
24 d after egg injection, the mean numbers recovered
from the eosinophil depleted animals at three time
intervals (8, 16, and 24 d) were not significantly
different from the number of eggs recovered on day 1.
The average egg recovery at day 8 was 1,880±98, at
day 16 it was 1,840±102, and at day 24 the mean was
1,610±185 or 83% of the day 1 value (1,900±100). A
significant decrease of egg counts obtained from AES-
treated mice was first observed on day 32 (percent
recovery was 73, P < 0.05). Regression analysis of the

%EGGS

DAYS

FIGURE 2 The effect of NRS or AES treatment on the rate
of destruction of eggs injected intravenouisly into the lungs of
mice previouisly sensitized with 2,000 S. mansoni eggs
subcutaneously. Antisera treatment was started the day
before the intravenous injection of 2,000 eggs and continued
three times a week. At intervals, groups of mice (eight each)
were killed, their lungs were removed, digested, and the
number of recovered eggs was determined. Data represent
mean±+-SEM for each experiment.

rate of egg recovery in AES-treated mice showed that
half the eggs were destroyed by day 44. This is 17 d
longer than the half-life time of eggs in control mice
(P < 0.01).

The effect of timing of eosinophil depletion on the
rate of egg destruction was subsequently studied.
Administration of AES during the first 2 wk decreased
egg recovery at day 32 from 35+ 12% in control animals
to 51±15% (P < 0.05). Similarly, if AES administration
was initiated on day 16 and continued for 2 wk the
recovery of eggs at day 32 was 59±10% compared to
35±+12% in NRS-treated animals (P < 0.01). In mice
receiving AES treatment for the full 32 d the recovery
was 72±+-6%.

Granuloma formation and its cellular components
were correlated with egg recovery in groups of antisera
treated mice (Table III). In three separate experiments,
the mean diameters of 8-d granulomas in NRS-, ANS-,
ATG-, and AES-treated mice were 252, 257, 178, and
160 um, respectively. Both ATG and AES treatment
significantly reduced granuloma size (P < 0.01 and
P < 0.001, respectively). The reduction in granuloma
size was reflected in the total number of cells and the
percentage of each cell recovered from the lesions
(Table III). In ATG-treated mice, there was significant
decrease in the total number of lymphocytes and eosin-
ophils, but the latter constituted a higher percentage
of cells (66%) in the granulomas. In contrast, the
reduction in granuloma size observed in AES-treated
mice was associated with a marked reduction of
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TABLE III
Effect of Atitileukocyte Treatment on Gratnulonia Size atid Cellular Composition ini the Lungs of Mice*

Cell cotints per grantilonma x 1()
G;rantlomsia

Treattzenit (iimnieter Total Eosinophils Lymphocytes Macrophages Netitrophils

NRS 252±26 12.1±1.9 7.1+(0.3 2.9+(0.2 1.5±0.2 0.6+0.2
(58)4 (24) (13) (5)

ANS 257+14 12.7+1.5 6.7±0.4 3.7±0.7 2.3±0.4 0±0
(53) (29) (18) (0)

ATG 178±34§ 4.9±(0.6§ 3.3±0.5 0.4±0.05'! 1.3±0.3 0.1±0.1
(66) (8) (25) (2)

AES 160±22§ 3.8±0.6§ 0.04±0.01" 2.4±0.4 1.3±0.3 0.1±0.1
(1) (63) (34) (2)

* Grouips of miiice (eight each) were sensitized with 2,000 S. niatisoni eggs subcutaneousIly 2 wk before
intravenous injection with 2,000 eggs. Mice were killed at day 8 for granulomiia meassuremenit andl eni-
zyvmatic digestioni to (letermiiine cell composition. All valtues are menan±SEM.
I Percentage of total cell couint in parenltheses.
§ Significantly dlifferenit f'romii NRS-treated controls, P < 0.01.
Ii Significantly different fromn NRS-treated controls, P < 0.001.

eosinophils (1%) in comparison to 58% in NRS-
treated controls. Furthermore, the percentages of
macrophages and lymphocytes were significantly
higher in the granulomas recovered from AES-treated
mice. Egg recovery was compared in the four experi-
mental groups at 1, 16, 24, and 32 d (Table IV). Animals
treated with either NRS or ANS showed a similar
decrease in the rate of egg recovery. The mean number
of eggs obtained by digestion of the lungs at day 24
was 1,066±+138 and 990+151, respectively (P < 0.05).
In contrast, the mean number of eggs recovered from
AES-treated mice at day 24 was 1,610+ 185, which was
not significantly different from the mean at day 1
(1,900+100). Egg recovery in ATG-treated animals at
day 24 was intermediate (mean 1,268+148) between
NRS- and AES-treated mice, but not significantly
different from the values obtained from either group.

DISCUSSION

Since the description of the eosinophil polymorpho-
nuclear leukocyte by Paul Ehrlich in 1879, an enor-
mous literature has accumulated on the cell morphol-
ogy, kinetics and production (29) but little has been
learned of its function (30). The diversity of clinical
and experimental conditions associated with eosino-
philia (30) defied the development of a unifying
concept for the functional role of these cells. Helminth
infections represent unique models of infectious
agents characteristically associated with tissue and
peripheral blood eosinophilia (1, 2). In murine schis-
tosomiasis mansoni the kinetics and time-course of

eosinophilia has been well characterized (1). Further-
more, a protective role for the cells against the invading
stage of S. mansoni has been suggested in studies
using a monospecific antieosinophil serum (3). Mice
depleted of their eosinophils lost their acquired
immunity against subsequent challenge with S.
mansoni. These in vivo observations on the protective
role of the eosinophil were supported by data obtained
from in vitro models using murine (8), rat (31), and
human (6) cells.

This investigation concerns the role of eosinophils
in the host granulomatous response around schistosome
eggs retained in its tissues. The eosinophils increase
in the peripheral blood of S. mansoni-infected animals
along with the onset of oviposition (1) and they con-
stitute -50% of the cells forming the host granu-
lomatous response (16). Data obtained from the kinetics
of egg production by the worms (300/worm per day)
and egg recovery from the tissues of infected animals
showed that eggs accumulate until a steady state is
reached by 12 wk of infection (23). After this phase,
the rate of egg deposition almost equals or lags behind
the rate of egg destruction (32). Although it has been
suggested that the host destroys the retained eggs
through the formation of granulomatous lesions (15),
the role of the individual cell types within these
granulomas is unknown. In vitro studies by James and
Colley (17-20) suggested that the eosinophils, but
not other cells, adhere to and invade the schistosome
egg shells (17). They showed that egg destruction
involves a specific anti-egg antibody found in immune
mouse serum (18) and nonspecific activation of eosino-
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TABLE IV
Effect of Antileukocyte Treatment on Recovery of S. mansoni Eggs

from the Lungs of Mice*

Total egg counts/motise Iting

Dav 1 Day 16 Day 24 Day 32

NRS 1,930-+103 1,410±+147 1,066-+138 850±+156
(73)4 (55) (44)

ANS 1,900+121 1,220±185 990±151 790±180
(64) (52) (42)

ATG 1,920±108 1,710+78 1,268-+148 1,080±91
(89) (66) (56)

AES 1,900+100 1,840± 102§ 1,610+185§ 1,420±55"
(97) (83) (74)

* Groups of egg sensitized mice (eight each) were killed at various times after
intravenous injection of 2,000 S. mansoni eggs.
I Percent reduction of egg counts as compared to day 1 recovery in parentheses.
§ Significantly different from NRScontrols, P < 0.05.

11 Significantly different from NRScontrols, P < 0.01.

phils by lymphokines (19). Furthermore, antimycin A,
an inhibitor of aerobic respiration, depletion of Ca++
ions and cytochalasin B inhibited egg destruction by
eosinophils (20). These observations led to the present
investigation where the role of the eosinophil within
the host granulomatous response was explored by
depletion studies. AES-treated mice succumbed
sooner to a worm burden that does not usually lead
to marked host mortality (23). These animals also
showed marked pathophysiological changes such as
the degree of splenomegaly and portal hypertension
although their granulomas were smaller in size. This
unexpected result may be due to the higher egg counts
in their livers and the associated increase in the
extent of tissue damage. The mortality and extent of
pathology in these animals closely resemble what
would be predicted if they were infected with approxi-
mately double the worm load (23). As the AES-treated
mice had a worm load equal to the controls, the
increased egg counts in the former group could be
related to the absence of their eosinophils. The anti-
serum-induced eosinopenia may lead to an increased
rate of egg production by the adult worms or a de-
creased rate of destruction by the host granulomas
and consequently accumulation of eggs.

The next series of experiments were designed to
explore specifically the role of the eosinophil in
destruction of schistosome eggs in vivo. The lung
granuloma model was used (26); sensitized mice were
injected with a known number of eggs that lodge into
their pulmonary microvasculature and could be
recovered at time intervals thereafter (32). Half of the
injected ova in NRS-treated mice were destroyed in

27 d. Similarly, in animals depleted of their neutro-
phils, 52% of the eggs were recovered at 24 d. In
contrast, animals depleted of eosinophils had a marked
impairment in the rate of egg destruction. The first
significant decrease in egg recovery was noticed at
day 32 and half the eggs were destroyed in 44 d.
Eosinophil depletion affected the rate of egg destruc-
tion whenever it was induced, either during the first
2 wk after egg injection or during the subsequent 2
wk. The rate of egg destruction in animals treated
with ATG appeared slower than the control animals
although not significantly different. ATG treatment
was associated with decreased eosinophil and lympho-
cyte content of the pulmonary granulomas. Eosino-
philia in schistosomiasis and other helminth infections
has been shown to be T lymphocyte-dependent (11);
nude athymic mice form smaller granulomas that
are deficient in eosinophils (14, 33). Lymphocyte
depletion in ATG-treated mice resulted in reduction
of the total numbers of eosinophils in the granulomas,
which may be due to the role of lymphocytes in cell
production, mobilization, or recruitment to sites of
egg deposition (2, 29, 34).

Analysis of egg destruction curves show that in the
AES-treated mice, after an initial delay period (16-
24 d), the slope was parallel to that noted in control
animals. This observation may be due to the involve-
ment of multiple factors that bring about the final
destruction of the eggs, though the eosinophils seem
to be the more important contributing cell. Alterna-
tively, the method we used to deplete the eosinophils
was not absolute. The repeated injections of rabbit
serum leads to the development of anti-rabbit anti-
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bodies and the subse(uent enhanced elimination of
AES (35). Some eosinophils may, therefore, escape
the effect of the antiserum and provide an explanation
for the gradual but delayed destruction of the eggs
in the AES-treated mice.

How the murine eosinophils that measure -10 ,Am
in diameter destroy the multicellular schistosome
eggs with its nonliving shell (140 x 65 ,um) is unknown.
Although there are major differences between the
different stages of schistosome worms inside the host,
current investigations suggest that the eosinophils
may be uni(uely adapted to destruction of multi-
cellular nonphagocytosable parasites. The eosinophils
adhere firmly to complement or antibody opsonized
schistosomula of S. mansoni (36) and discharge the
contents of their granules at the cell-parasite interface.
Release of some contents of the eosinophil granules
such as major basic protein (37) or the generation of
hydrogen peroxide (38) and other products of the
peroxidative pathway has been demonstrated when the
cells make contact with the parasites. Furthermore,
purified major basic protein and eosinophil peroxidase
have been shown to kill the schistosomula of S. man-
soni in vitro (37, 39) (similar studies on mediators
of egg destruction by human and murine eosinophils
are now in progress). Our observations provide evi-
dence for yet another unique and protective function
of the eosinophils. The long-known association of
eosinophilia and helminth infection has served as
models for the description of the cell function, as
well as the biochemical basis for host protective
mechanisms against multicellular organisms.
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