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Phenotypic Plasticity in Adult Worms of Schistosoma mansoni
(Trematoda:Schistosomatidae) Evidenced by Brightfield and
Confocal Laser Scanning Microscopies
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A comparative mor phometric study was performed to identify host-induced morphological alterationsin Schis-
tosoma mansoni adult worms. A wild parasite population was obtained from a naturally infected rodent (Nectomys
squamipes) and then recovered from laboratory infected C3H/He mice. Furthermore, allopatric worm populations
maintained for long-term under laboratory conditions in Swiss Webster mice were passed on to N. sguamipes.
Suckersand genital system (testicular lobes, uterine egg, and egg spine) were analyzed by a digital systemfor image
analysis. Confocal laser scanning microscopy (CLSM) showed details of the genital system (testicular lobes, vi-
telline glands, and ovary) and the tegument just below the ventral sucker. Sgnificant morphological changes (p <
0.05) were detected in male worms in all experimental conditions, with no significant variability as assessed by
CLSM. Sgnificant changes (p < 0.05) were evident in females from the wild population related to their ovaries and
vitelline glands, whereas allopatric females presented differences only in this last character. We conclude that S.
mansoni worms present the phenotypic plasticity induced by modifications in the parasite’s microenvironment,
mainly during the first passage under laboratory conditions.
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Vertebrateanimalslivein different environmentswhere
they are exposed to several parasites. The outcome of
this interaction is that both individuals have developed
strategies for adaptation, aiming to reach an adjusted re-
lationship (Hart 1992). In order to be established within
the host, a successful parasite must possess the ability to
tolerate the host immune responses (Zelmer 1998).

The trematode Schistosoma mansoni is a parasite
worm naturally present in some rodents from Africa
(Duplantier & Séne2000) and Neotropica region (Combes
1990, Théron et al. 1992, Rey 1993, Alarcon de Noyaet al.
1997, D’ Andreaet a. 2000, 2002). Thewater-rat Nectomys
squamipes (Rodentia: Sigmondontinage) actsasapossible
reservoir of schistosomiasismansoni in Brazil (Rey 1993,
D’Andreaet al. 2002) and can also be used as an alterna-
tive animal model in basic biological studies on schisto-
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somiasis (Rodrigues-Silvaet a. 1992, Maldonado Jr. et al.
1994, Ribeiro et al. 1998). Although this parasitism can
provoke severe damages to humans, rodents are permis-
sive hostswith life-long infections (Machado-Silvaet al.
1997), which do not affect their life span (Rodrigues-Silva
et al. 1992) or reproductive capacity (D’ Andreaet al. 2000).
N. squamipes develops peculiar granulomas consisting
mainly of large macrophages, many of them full of schis-
tosome pigment, characterizing an exudative-macrophage
granulomatype, usually smaller than the equival ent granu-
loma type in mouse, and they never acquire Symmer’s
fibrosispattern (Silva& Andrade 1989, Costa-Silvaet al.
2002). Such granulomas have been also observed in the
rat Calomyscallosus(Lenzi et al. 1995).

Parasitic flatworms that have been maintained in dif-
ferent hosts rather than in natural ones have undergone
strong morphological changes (phenotypic plasticity)
(Mouhaid et a. 1997). S. mansoni adult male wormswere
bigger in Rattusrattusthan in R. norvegicus (Jourdane &
Imbert-Establet 1980) aswell asin N. squamipesthanin
Swiss Webster (SW) mice. Moreover, they presented a
shorter distance between suckers and the number of their
testicular lobes was enhanced, when an isolate of S.
mansoni from N. squamipes has been devel oped in albino
mice (Machado-Silvaet al. 1994). In the present study we
demostrate the occurrence of phenotypic plasticity in S.
mansoni adult worms induced in two host changes: N.
squamipes to C3H/He mice and albino mice to N.
squamipes.
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MATERIALSAND METHODS

Animals- SW and C3H/He mice were supplied by the
Animal Fecility Center from the Oswaldo Cruz Founda-
tion, Fiocruz, Rio de Janeiro, Brazil, and the laboratory-
reared N. squamipes (Ns) by the Laboratory of Biology
and Control of Schistosomiasis Mansoni, Department of
Tropical Medicine, Oswaldo Cruz Ingtitute, Rio de Janeiro
(D’ Andreaet a. 1996). The animal swere kept in polypro-
pylene cages (40 cm x 33 cm) with stainless steel screened
covers. All animals received a well-fed diet for mice
(Nuvilab CR1, Colombo, Parand, Brasil) and water ad libi-
tum. Sacrifice of theanimal sfollowed standard ethical pro-
ceduresfor laboratory animals (GV-SOLAS 1985).

Experimental design

Wid S mansoni population - Twelve N. squamipes
were captured in a transmission area of schistosomiasis
mansoni inthe municipality of Sumidouro, state of Rio de
Janeiro, Brazil (22°02' 46"S; 42°41' 21"W). They werekilled
under laboratory conditions and perfused for adult worm
recovering (Machado-Silvaet a. 1994) (Ibamalicense 061/
2003—-CGFAU/LIC). Thisparasite population wastermed
asSN.

Sympatric laboratory-reared Biomphalaria glabrata
snails, measuring 5 mm in shell diameter, were exposed to
ten hatched miracidia collected from the rodent’s feces.
The snailswere kept in glass vialswith dechlorinated tap
water and fed with fresh lettuce (Lacttuca sativa).

Seven-day-old C3H/He mice were exposed individu-
aly to cercariae (n 50) shed by the infected snails. After
eight weeks post infection, the mice werekilled by cervi-
cal dislocation and adult worms were recovered by por-
tal-hepatic perfusion, establishing another isolate desig-
nated as SR.

Laboratory S. mansoni population - Laboratory-reared
N. squamipes and SW mice (five to six week old) were
infected with four different laboratory worm strains that
have been maintained for more than five years under labo-
ratory conditionsin B. glabrata derived from the respec-
tive geographical areas: state of Para (01°2803"S;
48°29'18"W), state of Ceara (03°45'47"S; 38°31' 23"W),
state of Rio Grande do Norte (05°45'54"S; 35°12' 04" W),
and state of Pernambuco (08°45'48"S; 34°54' 47"W). The
parasitesisolated from N. squamipes and SW weredesig-
nated as BE/Ns, CE/Ns, CM/Ns, and CMO/Nsor BE/Sw,
CE/Sw, CM/Sw, and CMO/Sw, respectively. All popula-
tionswereroutinely maintained in SW miceand B. glabrata
snail host at the Department of Malacology, |OC-Fiocruz,
RiodeJaneiro, Brazil.

Nineweekspos-infection, theanimalswerekilled (cer-
vical dislocation) and perfused for adult worm recovering
(Smithers & Terry 1965). This set of experiment wasre-
garded as in allopatric condition, because each worm
population came from adifferent geographical area.

Morphometric analysis of adult worms - The worms
werefixed in AFA (alcohol 95%, formalin 3%, and glacial
acetic acid 2%), stained with chloride carmine, clarified in
methy!| salicylate and preserved aswhole-mounts (Neves
etal. 1998).

Brightfield microscopic (Olympus BX50) imageswere
captured by an anal ogue camera (Sony, 640 x 480 pixels,

RGB) and transferred to a computer containing software
for image analysis (Image Pro Plus - Media Cybernetics,
US). The following morphological characters were ana-
lyzed: oral and ventral sucker areas, distance between them
(both sexes); number, area, major and minor diameter, and
perimeter of the testicular lobes; area, major and minor
diameter, perimeter of the egg and its spine (Neveset al.
1998). All measurementsarein micrometers, unlessother-
wise stated. Five specimens from each population (SN,
SR, BE/Ns, and BE/Sw) were also studied by confocal
laser scanning microscopy (CLSM) (LSM-410, Zeiss),
analyzing the following morphometric characteristics:
thickness of the tegument below the ventral sucker (for
both sexes); length and width of the first, third, and last
normal testicular lobes; length, width, and area of the vi-
telline glands, and length and width of the ovary. On what
refers to the body length, values were those previously
reported by Machado-Silvaet . (1995): 9.5+ 1.3 mmfor
thewild strainand 6.9 = 1.55 mm for laboratory strain.

Satistical analysis - The data were submitted to the
Student’s t-test (brightfield microscopy) and Mann-
Whitney test (confocal microscopy), and statistical sig-
nificance was assessed at p < 0.05. The statistical pro-
gram SPSS 9.0 for Windowswas used to fecilitate cal cula-
tions.

RESULTS

WId strain - Biometric evaluations of malewormsfrom
the SN population showed higher values than those ob-
served in SR, except in relation to the number of testicular
lobes. Most differences were considered to be significant
(p<0.05), except for the major and minor diametersof the
testicular lobes (Tablel). Testicular lobesin atypical posi-
tion (supernumerary) were present in adult worms from
both populations. Two specimens (SN population) pre-
sented only one supernumerary |obe, while six wormshad
one, three or six lobes (SR population). The distance be-
tween the last testicular lobe and the nearest supernu-
merary oneinthe SN population varied from 254.66 pm to
517.24 ym, whilein the SR population the occurrence of
higher number of supernumerary testicular lobeswasfol-
lowed by longer distance between them. For instance, in
case with three and six testicular |obesthe distances were
976.63 pm and 1251.80 pm, respectively.

All femalecharacteristics of the SR population werebig-
ger than those from the SN population (p < 0.05) (Tablel).

Both male and female wormsfrom the SR population
examined by CLSM presented all measurements bigger
than those from the SN population, except for the thick-
ness of the tegument in females. Only measurements of
the ovary and width of the vitelline glands were signifi-
cantly different (p <0.05) (Tablell).

Laboratory strain - Measurements of male allopatric
specimensisolated from SW mice were bigger than those
from N. sgquamipes, except for the CMO/Sw popul ation
(p<0.05). Thetesticular lobe number wasthe only char-
acter that did not show significant changes between labo-
ratory populations, except for CMO/Sw (Tablel).

One (BE/Sw and CE/Sw populations) or two (CM/Sw)
supernumerary testicular lobes were found in rats, and
three (BE/Sw) or five (CE/Sw) in mice. In the latter



133

Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 99(2), March 2004

(500 s d)souaseyiip 1Uedijiub s B1gedtdde J0uSIaeWe ) PaBA0JBI JO Jequinu ay} :-

{90UB.B 1P JUed 1 IUB S UOU :q ‘80U IP URDIIUBSS e |, Ul SJUBWeINSEsW Sealy

- - - qa v FE€9T 9% F09T 4 ¥ F YT 67 FOST q 1€ F T VEFZET ® G5 FLIL €2 ¥ 8¢T aouelsIq
- - - e T/, F86EC TISG FGEOT O €SL FvESCc S66 FLSTC O ¥8L FS0ZZ TvL F909T © EYET F 68LT  TOE F Tyvl B [elIUBA
- = = e $G9 FZ/EC G09 F2Z28T O 9 FG¥8Z E¥6 F2GSC e 859 F8/0C 269 F 202 © YZTT F8L¥Z  OvS F TOVT woR [RIO
S 1a)ongs
- - - q 8T ¥ 6v TTFOY e 9T ¥ 65 1T ¥ 05 q 8T T ¥ 9T ¥ IS e TgFO8 €T F It oW e
- - - q ZFL 7L e EFTT £F6 q €F6 €F6 e gFcl €F L opweIp B|RWS
- - - a 9 F8T v F LT q S F0C €F.T q 9 F6T 9781 e 67F/C v F LT lepwelp b
- - - q 89 FEIT 9% FOOT © 00T ¥ 68T 09F82T 4 8L F ovT 6, FYET e /6T ¥ SOE 19 ¥ 60T ealy
aulds 663
- - - q TEFLISC 82 F¥€9Z 4 ZETFINC ozF8z 9 /2 ¥ a¥e GZF¥ivhz B 08 F8/E 12 ¥292 Jo1ew led
- - - q 9 F e 8 F e q 9 F¥E € Fee q 9 FE € Fee e yTFGS L F9E  JopuRIp Jo|WS
- - - q TT F€0T ITF¥0T 4 T 716 6 F €0T q 8FG6 6 F /6 e 8z FOeT ZT FE0T  Jeowelp sbre
- - - q /9. F¥288C 92V F¥S0E O GZ8 ¥869C 9E8 ¥ 6€LZ O GZ9 F0E€LZ TV ¥ €99Z B SZ9Z F G6v9 T2l F €60€ Baly
B6ba aulioIN
- - (ze u) (8z u) (os u) (8T ) (617 u) (Te ) (8% u) (T u) soewa
e ZLFOPT eIT /92 ®© 85 FSIC T19F/2/T 4 6978/ 8FTLT ¢ S F 65T €. F¥89T ®© 08 FE8T €6 ¥ 9Z¢ aouelsiq
e 0T0S ¥ 0S82T 6€00T ¥ LZTOS O €/80T F ¥6€ZE 06ETT F 72862 © ¥.S9 F 6£9ZE ¥/G9 F 29EEC ®© mvwa T 65962876 T TC/SC B OSy. T 9T/8C 8/9YT T 65607  ©ale [RIUSA
e /0VS ¥ 6020T 06T8 F TOT8Z ®© £LTOT F LT/EC 299 ¥ 80582 © 868/ F 8188Z G929 T €9TEC © 66.G T OTY6T €8S/ F €£hvZ ®© €069 F 6G6TZ /8TOT F 0v00E BoR IO
S 1a)ongs
e €6 F 69V Y9T ¥989 O 12T F¥92L ST FT69 ®©  GIT F 8.9 GOT FET9 ®© /2T F€s. TOTF¥89 © 9O/T F2l6 102 ¥ €207 Je1eW iad
e PTFTIL /T 798 e ST ¥ 98 IT ¥ 96 q ST ¥ 16 9T ¥ 88 e LT ¥ €0T vT ¥ 16 q 8I+T6 9GS ¥ GOT  Jelwelp Joulw
e Gy ¥ 06T 69 F¥9Z ®© €5 T T6¢ 09 F€9Z ® /¥ ¥09C &y F9gz  ®© 15 ¥ T0E OF ¥€92 4 6/ FT6E G8 F g2y  Jewuwelp Jofe
e T8/E ¥ 1822T OTT9 F 0S¥TZ O ¥/ES F 60Ty 2299 F /G9€Z © OT6F F T08ZZ 890G F OVS6T B GL6G F £7.GC 8YIV F ¥ELZZ © 8688 F GZvE L.¥8 T 6TS6E eIy
e 1%/ 176 q Z%8 Z%8 q 1%L T+%9 q Z+8 Z¥8 e 1+8 1%, Jaquin
S9qo| Je|ndlisa ]
(6€ u) (67 u) (TG u) (85 u) (g5 u) (ov u) (09 u) (Tg u) (0g u) (25 v) sale N

d MS/IOND  SNJOWD d  MS/WD SN/WD d NS/AD SN/AD d NSAd SNAd d IS NS
suolre|ndod skeereyd

Adoasooiw ppiiaybug

Aq pazAeue snnasnwi snip pue sad irenbs SAWI0I0SN WO} PaTRUIBLIO IUOSUELL BLUOSOISIYDS JO SWIOM 1npe aewa ) pue afew Jo (UoieIAsp plepuels pue ueaw) Anewoydio |y

137avL



134

(CM/Sw) and in both types of hosts (CMO/Sw) supernu-
merary testicular |obeswere not detected. In N. squamipes,
the distance between the last testicul ar lobe and the near-
est supernumerary onevaried from 8.4 pmto 237.17 um,
whilein miceit changed from 49.24 pmto 1493.19 um.

Few differences were observed among females from
alopatricinfra-populations (Tablel).

In maleand femal e specimensfrom BE/Nsand BE/Sw
populations analyzed by CLSM, only the areaand length
of the vitelline glands presented significant differences
(p<0.05) (Tablell).

DISCUSSION

Itiswell known that the host exertsastrong influence
on the morphological features of adult trematodes
(Watson & Pike 1993, Adela-Varelo et al. 1998). The out-
come of thisinteraction isthat specimens maintained in
other hosts rather than their normal ones display a phe-
notypic plasticity (Mouhaid et a. 1997). The data herein
presented reinforce our previous observations indicating
that S. mansoni male worms undergone host-induced
morphological changes already in their first passage un-
der laboratory conditions (Machado-Silva et al. 1994).
Probably, phenotypic plasticity may occur because adult
worms are established in an environment other than their
normal one.

Despite the fact that phenotypic plasticity occurred
either in passagesfrom rat to mouse or vice-versa, it seems
that the repercussions of environment modifications are
more prominent inwild strain conditions. Whilewild strain
mal e and femalewormswere quite affected, lesser signifi-
cant morphological modifications related to |aboratory
populations were found. It appears that only one pas-
sage in a new host is not enough to induce noticeable
phenotype variability in populationsthat have been cycled
for long-term under laboratory conditions. Probably this
event isdueto a“bottle neck” pressure inducing parasite

Phenotypic Plasticity of S. mansoni * Renata Heisler Neves et al.

isolatesto clonality. For thisreason, BE/Ns, BE/Sw, CE/
Ns, CE/Sw, CM/Ns, and CM/Sw populations presented
few comparative changes among them in both studied
hosts, which were more related to measurements of the
larger and smaller testicular diameters. Measurements
obtained from female characters, such as uterine eggs,
egg spine, and ovary were more or less homogeneous.
However, the CMO population did not behave as de-
scribed above, since all its morphological measurements
were deeply altered. Interestingly, the CMO population
was isolated from a naturally infected Cricetidae host. It
was not possibleto determineif the environmental condi-
tions that affected the population variability were favor-
able or unfavorable to the parasites.

The physiological determinants of the phenotypic plas-
ticity are not known but we suppose that wild rodents
cangiveall physiological conditions (nutritional and hor-
monal) required to the devel opment and maturation of the
parasites. Recent findings have indicated that schisto-
some development was strikingly impaired in interkeukin
(IL-7)-deprived mice (Wolowczuk et a. 19994). IL-7 seems
to favor the parasite responsiveness to host endocrine
factors (Wolowczuk et a. 1999b).

Thisfact raises questions concerning the relationship
between phenotypic plasticity and biological or physi-
ological implications. It is more likely that male worms
display a more pronounced physiological activity than
femalesdo. Some biochemical male-femaleinterplay isre-
quired for femal € snutrition and sexual maturation (Skelly
etd. 1998). Malefactorsaffect very specific cellular events
inthefemale (Kunz 2001). Furthermore, it must be pointed
out that male worms are more sensitive to the modifica-
tions of the hormonal environment induced by the con-
stitutive expression of 1L-7 (Royeet al. 2001).

Fromthemorphological point of view, malewormshave
devel oped suckersand awell-devel oped muscul ature that
allow migration against the portal flow to the mesenteric

TABLEI

Morphometry (mean and standard deviation) of male and femal e adult worms of Schistosoma mansoni originated from Nectomys
sguamipes and Mus musculus analyzed by confocal laser microscopy

Characters Populations

SN (n5) SR (n5) p BE/Ns (n 5) BE/Sw (n5) p
Males
Testicular lobes
Length 71+£26 73+£9 b 77+10 71+£11 b
Width 46 + 12 59+ 11 b 43+ 6 40+3 b
Tegument — thickness 8+1 8+2 b 11+£2 12+3 b
Females
Vitelline glands (n 10)
Area 483 + 139 569 + 134 b 898 + 271 501 + 130 a
Length 41+8 43+9 b 55+ 13 40+4 a
Width 13+2 16+2 a 19+1 17+5 b
Ovary
Length 306 £ 25 370+ 40 a 364 + 89 405 + 100 b
Width 835 113+ 13 a 132+ 27 115+ 12 b
Tegument — thickness 35+£05 29+06 b 25+08 24+08 b

Areas: measurementsin pm?; a: significant difference; b: non significant difference; significant difference (p< 0.05)
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and colonic venules. In this niche, female worms begin
oviposition (Mair et al. 1998, Morand & Mller-Graf 2000).
Consequently, any morphological change could affect egg-
laying. Obviously, these questions still remain to be elu-
cidated.

Although wild strain and laboratory strain wormsdis-
played few significant morphological differencesrelated
to their reproductive system, as assessed by CLSM, our
results demonstrated that all measures became bigger af-
ter passages from wild rodent to mouse or from mouse to
wild rodent hosts. When body size was compared to those
obtained by Machado-Silvaet a. (1995), the results show-
edtobesimilar.

Theunusua finding of supernumerary testicular lobes
confirms our previous studies both in mice and N. squa-
mipes(Machado-Silvaet a. 1994, Neveset al. 1998). How-
ever, adetailed study by CLSM failed to demonstrate any
evidence that this atypical structure is an active compo-
nent of the reproductive system, once they are isolated
and without expression of spermatogenesis (Machado-
Silvaet al. 1998). New morphological studies (transmis-
sion electron microscopy, immunohistochemistry and
other) arestill required to clarify their functions.

Both the reproductive system and the devel opment of
adult male worm tegument in S. mansoni depend on the
physiological characteristics of the host, such as nutri-
tional and hormonal states. Thus, maturation of the tegu-
ment is delayed or does not occur in a non-permissive
host (R. norvegicus) (Senft et al. 1978). However, if worms
aretransplanted to apermissive host their normal somatic
development is recovered (Cioli et a. 1977). It was not
purpose of this current investigation to study the struc-
tural organization of the tegument, since both used hosts
are permissive, assuring a full somatic development
(Machado-Silvaet al. 1994, 1997). Probably, thisexplains
why no significant differences were found in relation to
the thickness of the tegument either in male or female
worms evaluated by CLSM. Nevertheless, littleisknown
about a possible correlation between the thickness of the
tegument and the physiological conditions of the host.
Even if the host is a permissive one, his nutritional state
can influence the development of the parasite. Host diets
deficient in protein can lead to reductionsin body sizein
adult worms (Poulin 1996). Recently, we have demon-
strated that mal e adult wormsisolated from mice with pro-
tein deficiency display thinner tegument than well-fed
controls (Neveset al. 2001).

The results here presented confirm the occurrence of
phenotypic plasticity in S. mansoni adult worms, as pre-
viously described by scanning electron microscopy in
isolates of the same speciesandin S. margrebowieand S,
mattheel (Kruger et al. 1988, Machado-Silvaet al. 1994).
In organisms inhabiting heterogeneous environments,
genotypes can produce different phenotypes under dif-
ferent conditions (Poulin 1996). We would like to high-
light that phenotypic plasticity is a phenomenon that
should be considered by those researchers related to
trematodes’ systematic (Monis1999). Thus, if onerecov-
ersasame parasitic flatworm from several hostswith mor-
phological variability among them, it does not mean that
the isolates are different species. Such results could be

only due to genotypes, producing suited phenotypes
under adverse physiological conditions, such as a host
different from the usual one. However, it isstill unknown
how genotypes control such phenotypes. There are
strong biological, evolutionary and immunological argu-
mentsfor predicting extensive polymorphism among hel-
minth parasites, but relatively little dataand few instances
from which the selective forces acting on parasite diver-
sity can be discerned. The study of helminth polymor-
phisms across the whole speciesin the wild, and driven
by many possible forces from host, vector and environ-
ment, is sure to provide many such fascinating and in-
sightful advances and make an essential contribution to
the control of helminth diseases (Maizels & Kurniawan-
Atmadja 2002). Last but not least, linking proteome and
genome could clarify thisissue (Asthon et al. 2001), con-
tributing to a better understanding of the occurrence of
possible aterations.
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