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Involvement of Regional Lymph Nodes after Penetration of
Schistosoma mansoni Cercariae in Naive and Infected Mice

Silene P Lozzi/*, Conceicao RS Machado/**, Silvia E Gerken*,
Tomas A Mota-Santos**

Departamentos de Morfologia *Parasitologia **Bioquimica and Imunologia, Instituto de Ciéncias Bioldgicas,
Universidade Federal de Minas Gerais, 31270-901 Belo Horizonte, MG, Brasil

The parotid lymph nodes of naive and previously infected Balb/c mice were studied after, respec-
tively, infection and re-infection with cercariae $thistosoma mansowia the ears. Schistosomula
were able to pass through the lymph node by following the lymph flow or by penetrating the veins of the
medullary cords. The number of nodal mast cells was higher from day 2 to 6 of primary infection; and
from day 5 to 11 of re-infection. The amount of degranulating mast cells was significantly higher at day
4 of infection and at day 1 of re-infection. Eosinophils characterized the nodal inflammatory processes
observed after day 5 in both primarily-infected and re-infected mice. However, only in the latter the
eosinophils were able to adhere to the larval surface. In primarily-infected mice, no intranodal larva
presented signs of degeneration. In contrast, in re-infected animals, some degenerating larvae were
found inside eosinophilic infiltrates. The eosinophils reached the nodal tissue by migrating through the
high endothelial venules and their collecting veins.

Key words:Schistosoma mansoniymph nodes - schistosomulum migration - eosinophils - mast cells -
high endothelial venules

When cercariae dbchistosoma mansopen- process (Colley et al. 1972), the skin thickness at-
etrate the host skin, they transform intaaining the maximal values 24-48 hr after infec-
schistosomula by undergoing several changes sutitbn (Lichtenberg et al. 1976, Incani & McLaren
as tail loss, discharge of secretory glandsl984). However, the host leukocytic response is
glycocalyx shedding, and other surface alterationggarded as absent in regional lymph nodes of pri-
(Gordon & Griffiths 1951, Stirewalt 1974). On their marily-infected mice (Wheater & Wilson 1979).
way to the dermal and subdermal layers, thi infected mice, the changes subsequent to a chal-
schistosomula may spend several days till their paenge infection happen earlier, the skin thickness
sage to blood and/or lymph vessels at the dermaldttaining maximal values in a few hours (Colley et
hypodermal junction. By incubating slices ofal. 1972, Lichtenberg et al. 1976, Savage & Colley
lymph nodes, Miller and Wilson (1978) demon-1980, Bentley et al. 1981) but there is no study on
strated that schistosomula can be recovered froragional lymph nodes. The behaviour of the nodal
mouse nodes up to day 8 of infection, with peak ahast cells at both infection and re-infection is un-
day 4. Histological studies have shown thaknown.
schistosomula leave the regional lymph nodes of The present work comprises a histological study
primarily-infected mouse, passing through the lymef a regional lymph node after infection and re-
phatic sinuses to reach the efferent lymphatimfection of Balb/c mice witls. mansontercariae.
(Wheater & Wilson 1979). However, the fate ofit is centered on the nodal mast cells, inflamma-
schistosomula that reach lymph nodes after re-iery processes, and the fate of the schistosomula
fection remains to be investigated. that reach the node. Previous studies have shown

Cercarial penetration induces an inflammatoryhat the mouse ears are adequate for cercarial pen-

etration and for studying the phenomena subse-
guent to the penetration (Gerken et al. 1986). There-
fore, this was the site of stimulation and, conse-
Supported by CNPg and FINEP. guently, the parotid lymph node that drains the ear
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MATERIALS AND METHODS ullary sinuses (Fig. 2). Mast cells occurred in small

Cercariae- Cercariae 08. mansor(LE strain, nuUmber, being found mainly at the perihilar seg-
Belo Horizonte, Brazil) obtained from Iaboratory-ments of th‘? medullary sinuses (Flgs 2'. 7). A few
rearedBiomphalaria glabratawere concentrated Of theém lay in the subcapsular sinus or just below
as described by Pellegrino and Macedo (1955). it, usually in cortical extranodular zones (F!g. 3).

Mice and infection- Sixty-eight male Balb/c __Mast cell number The S. mansoninfection
mice aged 60 days at the beginning of the experad no effecton the distribution of nodal mast cells
ments were used as: (a) 6 mice with 12-13 weelgdther in naive or in infected animals. However, as
of infection (infected mice); (b) 41 age-matched
infected mice to be killed daily from day 1 to ~
and at day 11 of re-infection, (challenged mic
(c) 18 age-matched naive mice to be killed at d
2, 4, 6, and 8 after infection (primarily-infecte
mice); (d) 4 age-matched non-infected mice. F
to six animals were killed under ether anesthe
at each day of infection or re-infection, in two ¢
periments each one with about half the animal

For obtaining the infected animals, each mo
received a subcutaneous injection of 15 to 20
cariae in 0.5 ml. For studying the response of lyn
nodes to the primary infection and re-infectic
anesthetized (Nembutal, 35 mg/kg) mice were
fected percutaneously by the right ears with ¢
cariae ofS. mansoniThe animals were held on
wooden board containing holes in such a way"
the right ears remained immersed in a suspen
with 250-300 cercariae, for 1 hr (Gerken et
1986). On the average, 80% of the cercariae |
etrated each ear.

Histological methodsThe right parotid lymph
nodes were fixed in 1% cetyl pyridinium chlorid
(w/v) in 10% (v/v) formaldehyde, for 48 hr at roor
temperature. After alcohol dehydration, the tissu
were embedded in glycol methacrylate (JB-
Polysciences), and serially sectioned at 5 |
(Reichert Jung microtome, model 1140). The s¢
tions were alternately stained with Giemsa ste
(Merck, S&o Paulo) and 0.5% toluidine blu
(Sigma) containing 1% sodium borate.

Mast cells classed as intact and degranulati
cells were counted at magnification X 400, in ¢
Giemsa-stained sections at a 25 ym interval. Ine
section, all mast cells exhibiting well-delineate
nuclei were counted. An ocular disc containing ¢
mm square prevented recounting. The results w
expressed as the mean number of degranulatini
intact mast cells per lymph node section.

For estimating the number of schistosomula
each lymph node, all toluidine blue stained se
tions at a 25 pm interval were used. Histological appearance of mouse parotid lymph node

RESULTS (uninfected). Toluidine blue-borate. Fig. 1: the peripheral cor-
tex showing lymphoid nodules (N), extranodular zones (E)

The parotid lymph node is a non-segmenteﬂ”d medullary tissue touching the cortical components, be-

; - - : . een deep cortex units (U). Fig 2: medullary sinuses and cords
node (Fig. 1), displaying a continuous peripher elow a deep cortex unit (U) and in the perihilar region (P) in

Corte)f anc_i tV\!O to three deep cortex units. An iMghich the cords are thinner and the sinuses are plenty of mac-
pressive finding was the abundance of macropliephage-like cells. A medullary cord presents a collecting vein

age like cells in the perihilar segments of the medV). Two mast cells are arrowed. Bar = 135 um (1); 48 um (2).




Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 97(4), Jul./Aug. 1996 493

Parotid lymph nodes at day 6 of primary infection with cercariaBcbistosoma mansorffig. 3: a transversal section of a
schistosomulum located in the subcapsular sinus (arrows) and two intact mast cells just below (arrowheads). Granulocyte nuclei
revealed an inflammatory process close to a high endothelial venule (v) in an extranodular zone. Toluidine blue-borate. Fig. 4:
Giemsa stain shows eosinophils (the cytoplasm darker than the nucleus) in the inflammatory process of an extranodular zone
Fig. 5: a high endothelial venule displaying eosinophils in its lumen, wall (arrowheads) and neighboring extranodular tissue
(arrows). Giemsa stain. Fig. 6: a medullary cord exhibiting several eosinophils; its vein (V) also shows eosinophils é@mthe lum
(arrow) and wall (arrowheads). Giemsa stain. Bar = 48 um (3.6); 19 um (4.5).

summarized in Tables | and Il, it induced markedion and from day 3 to 8 of re-infection, the num-
changes in the amount of intact and degranulatirtger of degranulating mast cells was significantly
mast cells. In primarily-infected animals, the numiower as compared with the values found for
ber of intact mast cells (Table I) was higher fromuninfected and for infected but non-challenged
day 2 to 6 of infection, with peak at day 4. In chalanimals. Degranulating mast cells had no relation
lenged mice, a significant rise appeared only 5 days the presence of larvae, intact mast cells being
after cercarial stimulation, the values increasing tilirequently seen close to the larvae (Fig. 3).

day 7, and remaining high at least until day 11. Larval migration and inflammatory processes
The number of mast cells presenting signs of de-Table Il presents an estimate of the number of
granulation (Table 1) was higher at day 4 of infecschistosomula in lymph nodes at different periods
tion and day 1 of re-infection. At day 6 of infec-of the infection and re-infection. In primarily-in-
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TABLE | TABLE Il

Mean number of intact mast cells per right parotid Mean number of degranulating mast cells per section
lymph node section in naive and infected Balb/c mice. of right parotid lymph nodes in naive and infected
Infection or re-infection wittfSchistosoma mansoni  Balb/c mice. Infection or re-infection with cercariae of
cercariae through the right ear. In parenthesis, the Schistosoma mansornhrough the right ear. Number
number of animals of animals as in Table |

Days after Days after

(re)infection  Naive mice Re-infected mice  (re)infection Naive mice  Re-infected mice
0 8.53+3.22 (4) 12.06+2.90 (6) 0 4.30+1.58 7.74+1.19
1 not done 9.70+2.05 (6) 1 12.67+4.09
2 15.99+0.55(4)  15.15+2.46 (4) 2 6.09+4.35 8.53+1.35
3 not done 13.79+3.30 (5) 3 5.90+1.37
4 29.22+11.7B(5) 15.57+8.49 (4) 4 10.57+2.27 4.30£2.30
5 not done 27.97+11.334) 5 4.99+1.006
6 16.66+5.29(5)  32.61+10.96(5) 6 2.20+0.44 4.01+1.060
7 not done 34.57+8.734) 7 4.15+0.78
8 12.47+¢5.36 (4)  23.35+8.8(5) 8 4.58+2.18 5.41+0.78
11 not done 19.24+12.244) 11 7.27+2.67

Values are significantly different from the first value ofValues significantly different from the first value of the
the same column, when marked wih(P<0.05), same column are marked with(P<0.05)b: (P<0.005)
b:(P<0.005), orc:(P<0.001). orc: (P<0.001).

TABLE Il

Estimative of the amount of schistosomules in the right parotid lymph nodes in naive and infected (immune)
Balb/c mice. Infection or re-infection witBchistosoma mansooercariae through the right ear. The number of
animals in parenthesis

Days after
(re)infection Naive mice Re-infected mice
1 no larva (6)
2 no larva (4) no larva (6)
3 0-3 larva/section of 2 nodes (5)
4 one larva in one node (5) 1-5 larvae/section, all nodes (4)
5 1-7 larvae/section, all nodes (4)
6 1-3 larvae/section, all nodes (5) 0-4 larvae/section, all nodes (5)
7 1 larva in 1 node (4)
8 0-2 larvae/section of 3 nodes (5) no larva (5)
11 no larva (4)

fected animals, the larvae were practically absefdrval migration. At least one larva was found in a
till day 4 of infection, but they were found in all small efferent lymph vessel. Serial sections dem-
lymph nodes at day 6, the number decreasing lmnstrated that the same larva could have a part in a
day 8. In the challenged mice, a few larvae apnedullary sinus and another in a medullary cord
peared by day 3 of re-infection, all lymph nodegFig. 8), sometimes adjacent to its vein. Finally,
exhibiting schistosomula from day 4 to 6 of retwo schistosomula were seen in the lumen of med-
infection. The larvae became rare at days 7 andullary cord veins at day 5 of re-infection (Fig. 9).
and had disappeared by day 11. The larval distri- At day 6 of the primary infection, all nodes ex-
bution inside the lymph nodes was the same at iivbited eosinophilic inflammatory processes in
fection and re-infection. Most larvae lay in thesome cortical extranodular zones, lying between
subcapsular sinus (Fig. 3) or in the perihilar segwo deep cortex units or in contiguity with the
ments of medullary sinuses (Fig. 7). A few larvagerihilar region (Fig. 4). Some medullary cords,
were seen in extranodular zones and in the segese to the extranodular zones or deep cortex units,
ments of the medullary sinuses just below thes@so exhibited a higher concentration of eosino-
zones, but they were excluded from the deep cophils. At the periphery of deep cortex units, the
tical units and center of lymphoid nodules. Théiigh endothelial venules showed several eosino-
larger number of larval profiles in the re-infectedohils in their lumen, wall, and neighboring
mice allowed some additional information on theextranodular tissue (Fig. 5). The medullary cord
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Parotid lymph nodes of infected mice killed at days 5-7 of re-infection with cercarBehistosoma mansorfioluidine blue-
borate, excepting Fig. 10. Fig. 7: schistosomulum profiles in the perihilar region (arrows). Fig. 8: a larva passing from a
medullary sinus to a medullary cord. Fig. 9: a medullary cord vein presenting a larva in its lumen (arrows). Fig. 10: a larva
(arrow) in a medullary sinus exhibiting eosinophils adhered to its surface. Giemsa stain. Fig. 11: medullary region showing a
degenerating larva (arrow) surrounded by eosinophil nuclei. Bar = 48 pm (7.9); 40 um (8); 19 pm (10); 30 um (11).

veins close to the deep cortex units could also egnt granulocytes, looking intact. At day 8, eosino-
hibit eosinophils in their lumen and wall (Fig. 6).phils were frequent in medullary cords, being rarely
No schistosomulum was seen inside the eosinfound in the lymphatic sinuses, however, none con-
philic infiltrates and all larvae were free of adhertacted the larvae that remained intact.
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In contrast to the findings in primarily-infected rapidly in regional lymph nodes after antigenic or
animals, a few larvae exhibiting clear signs of deaon-immunogenic stimulation (Miller & Cole
generation were observed at days 5, 6 and 7 of 8968, Roberts 1970, Wlodarski et al. 1973), prob-
infection. Inflammatory processes were absent @bly by a process of draining from the stimulation
very discrete till day 4 of re-infection. The pres-site. However, within 24-48 hr, the number of nodal
ence of eosinophils in the lumen and wall of medmast cells decreases to values below the normal
ullary cord veins was frequent, mainly at day 7. Abnes (Wlodarski et al. 1973). In our primarily-in-
day 5, only one lymph node presented a focal arfdcted mice, the mast cell number increased till day
intense eosinophilic inflammatory process located after stimulation dropping to control values only
in the medullary region and around a degeneratirag day 8. Probably, these alterations followed the
larva. However, eosinophils were easily found irphenomena occurring at the site of cercarial stimu-
medullary cords of all lymph nodes as well as iation. After cercarial penetration, the skin thick-
some extranodular zones. Some larvae exhibitetess attains maximal values in 48 hr (Incani &
eosinophils contacting their surface (Fig. 10). Th#icLaren 1984), and this is consistent with the rise
eosinophilic infiltrates became more frequent ain mast cell number at day 2 with peak at day 4.
days 6 and 7 of re-infection, most of them beind\lso, by remaining in the skin for 4 to 5 days
discrete and keeping the distribution already d&Miller & Wilson 1978), or up to 7 days (Gerken
scribed. Intense eosinophilic processes were ret al. 1986), the schistosomula could create condi-
stricted to the extranodular zone (just one), or medtions able to maintain the raised number of nodal
ullary cords (two nodes). Each one of these twmast cells till day 6.
medullary cords infiltrates surrounded a degener- In the absence of challenge infection, the pa-
ating larva (Fig. 11). The eosinophilic infiltratesrotid lymph nodes of infected mice exhibited a
became very discrete at day 8, being absent at dayger nhumber of mast cells in comparison with
11 of re-infection. normal animals. Accordingly, this number is also

DISCUSSION enlgrged in thv_a dermis_ (Fernex & Fernex 1982),
] _ peritoneal cavity and liver granulomas (Lenzi et

The parotid lymph node of the mouse exhibg|. 1987), and the histamine levels are higher in
ited the overall architecture described for the nonthe ears (Gerken et al. 1990). The re-infection in-
segmented lymph nodes of rats (Sainte-Marie gfuced a rise in nodal mast cell number, but there
al. 1982), even regarding the distribution of masjas a delay in comparison with the primary infec-
cells (Sainte-Marie & Peng 1990). Our findingsion. This delay may involve differences in mast
showed that schistosomula can pass through reell degranulation.
gional lymph nodes without being damaged, even |n the primary infection, the number of
in challenged mice. The larval migration route codegranulating mast cells was significantly higher
incides with the flow of the lymph, as already deat day 4, occurring after the peak of the skin reac-
scribed in naive mice (reviewed by Wheater &jons. In contrast, the number of degranulating mast
Wilson 1979). However, we have succeeded igells increased at the first day of re-infection as
demonstrating that the larvae can also leave th&pected for IgE bearing mice (Mota-Santos et al.
node by penetrating the veins of the medullary9gs). In the skin of re-infected mice, the reaction
cords, probably after migration throughalsoinvolves early mast cell degranulation (Bentley
extranodular zones in contact with medullary siet al. 1981, Incani & McLaren 1984). Both dermal
nuses. This flndlng indicates that schistosomula Ca&thd nodal degranu|a’[ion processes could account
guide themselves to veins, even when in a lynfor the delay in the rise of nodal mast cell number
phatic channel. _ o after re-infection. In the primarily-infected mice,

Contrasting with the skin reaction induced bythe degranulation of nodal mast cells was not re-
cercarial penetration (Incani & McLaren 1984), thaated to the presence of larvae or inflammatory
lymph nodes of either infected or re-infected mic¢rocess. Since IgE induced by larval antigens is
presented rare neutrophils. Studies on the peritfot supposed to be present at day 4 of infection,
neal cavity of naive mice have shown that cercarigfirect effects of larval antigens or cross-reactions
inoculation provokes an influx of neutrophils thatcould be involved.
adhere to the cercarial surface and remove frag- The richness in eosinophils at sites of parasite
ments of glycocalyx (Melo et al. 1993a, b). Oulinfection has been recognized for many years.
results indicate that when schistosomula reach thgowever, the role played by these cells is not com-
nodes, they are probably devoid of molecules ablgletely elucidatedn vitro studies have shown that
to attract neutrophlls or mediate their adhesion Téosinophns m|ght be efficient anti-parasite effec-
the larval surface. _ tors by their ability to kill schistosomula in the pres-

In rodents, the number of mast cells increaseshce of immune sera (Butterworth et al. 1975, Sher
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& Rees 1975, Anwar et al. 1979). Howe\rnivo Parasitol 45 227-243.

evidence for such a role is sparse and equivoc@cani RN, McLaren DJ 1984. Histopathological and

(Mahmoud et al. 1975, Sher et al. 1990). In the ultrastructural studies of cutaneous reactions elic-
present study, both primary infection and re-infec- ited in naive and chronically infected mice by in-

.o ; : ; .«_ vading schistosomula &chistosoma mansonit
tion induced an influx of eosinophils to nodal tis J Parasitol1d: 259-276.

sue through'the_ high endothelial venules and the‘Lirenzi HL, Sobral ACL, Lenzi JA 198Tn vivokinetics
collecting veins in medullary cords. However, only ot egsinophils and mast cells in experimental
in the re-infected animals were the eosinophils able  gchistosomiasisem Inst Oswaldo Cru&2 (Suppl.
to adhere to the larval surface, damaged larvae 4): 67-76.
being found inside eosinophilic infiltrates. The sigLitchtenberg F von, Sher A, Gibbons N, Doughty BS
nificance of this adhesion is not clarified by our 1976. Eosinophil-enriched inflammatory response
! . 1esiot y . . ! atory resp
histological study, since it could either signify a to schistosomula in the skin of mice immune to
role in larval death or a phenomenon secondary to Schistosoma mansoim J Pathol 84479-500.
larval degenerative changes. Notwithstanding, tHda@hmoud AAF, Warren KS, Peters P 1975. A role for
regional lymph nodes seem to be of slight impor- the eosinophil in acquired resistanc&thistosoma

A g . . . mansoninfection as determined by anti-eosinophil
tance in limiting the re-infection, judging by the serum.J Exp Medl42 805-813,

small number of intranodal degenerating larvaqye|q AL, Machado CRS, Pereira LH 1993a. Host cell
However, larval Igsmns 'could have occurred Wlthj adhesion t@&chistosoma mansdaivae in the peri-
out detectable histologic changes. Therefore, it toneal cavity of naive mice. Histological and scan-
remains the possibility of larval damage inside and ning electron microscopic studi€ev Inst Med Trop
death outside the nodal tissue. S&o Paulo 3517-22.
Melo AL, Machado CRS, Pereira LH 1993b. Interac-
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