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The wild water-rats and their relevance in the context of schistosomiasis mansoni
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Schistosomiasis is a parasitic and endemic disease in several parts of the world. Its mortality rate
reaches alarming proportions, which makes emergency the control of this disease. In Brazil, only
the species Schistosoma mansoni was adapted to the climatic conditions and to the presence of
appropriate hosts. This species shows a life cycle involving mollusks Biomphalaria spp. and humans.
However, it has been shown that wild rodents with semi-aquatic habits are capable to establish a
productive infection of this parasite. In addition, they are likely also to be capable to spread the
disease in endemic areas. Due to the selective pressure exerted by the successive infections in
these animals, we may be watching the development of a new strain of the parasite, which is not
yet fully defined and understood. With the intention of directing new studies to this problem, we tried
to establish main lines of research to demonstrate the real importance of these wild rodents in the
epidemiology of schistosomiasis mansoni in Brazil.
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Introduction genus Biomphalaria) and the vertebrate host (i. e. human) (Katz
& Aimeida, 2003).

Schistosomiasis is a parasitic disease of extreme relevance to

public health, caused by trematodes Schistosoma sp. (Gryseels et
al., 2006; Latif et al., 2013). Researches show that approximately
240 million people are infected and 700-800 million are at risk of
infection (Gryseels et al., 2006; WHO, 2015). In Brazil, there are
records of transmission of the disease in 18 states of the feder-
ation, in addition to the Federal District. The endemic areas are
located in the states of Alagoas, Bahia, Espirito Santo, Minas Ge-
rais and Pernambuco, while focal areas are registered in Ceara,
Federal District, Maranh&o, Para, Rio Grande do Sul, Rio de Ja-
neiro and S&o Paulo (Brazilian Ministry of Health, 2014) (Fig. 1).
The parasite S. mansoni in Brazil has a life cycle that requires
the presence of the intermediate host (freshwater mollusks of the
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The water-rats and S. mansoni

Although S. mansoni has humans as definitive host, some animals
like bovines (Barbosa et al., 1962), other primates (Nelson, 1960;
Fenwick, 1969), and some species of rodents were found naturally
infected (Amorim, 1953; Alarcén de Noya et al., 1997). After Cam-
eron (1928) has reported for the first time monkeys parasitized by
S. mansoni, a long time passed until the wild rodents were also
detected with natural infection, both in Africa and Brazil (Amorim,
1953; Kuntz, 1962). Some of these rodents in Brazil are shown in
Table 1.

Among these rodents, the genera Nectomys and Holochilus stand
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Fig. 1. Prevalence for S. mansoni in Brazil (2010 — 2015). (Brazilian Ministry of Health, 2014)
Some states where naturally infected wild rodents have been found are marked by symbols (® Maranhao; ¢ Alagoas; x Minas Gerais; m Rio de Janeiro; £ Parana)

out, due to some factors such as: tolerance to human presence,
occurring in the peridomicile and their semiaquatic habits, a pre-
ponderant factor for the infection by the cercariae of S. mansoni
(Ernest & Mares, 1986; Mello, 1986). The infection in these ani-
mals shows that they were not strongly affected by parasitism and
elimination of viable eggs was constant during the whole infection
period (Machado-Silva et al., 1994). Highly susceptible to various
strains also was demonstraded (Rodrigues-Silva et al., 1992; Mar-
tinez et al. 2008).

According to Martins (1958), in order to have a real parameter
of the importance of these wild reservoirs in the epidemiology
of schistosomiasis, it is necessary that studies are based on the
following objectives: a) To determine the relative susceptibility of
rodents that are frequently found with natural infection in differ-
ent endemic areas, performing serial euthanasias to establish the
number of infected and uninfected animals; the number, sex, stage
of maturation of worms; size and location in the host body; pres-
ence of viability and non-viability eggs in different organs, feces
and urine; and duration of infection; b) To infect mollusks with
miracidia from eggs obtained from naturally infected rodents and
to perform infection on laboratory and wild animals with cercariae
of these mollusks; ¢) Determine whether these rodents are capa-
ble of maintaining the infection in the absence of infected humans.
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d) Determine if the man is susceptible to strains of the parasite
from wild animals using human volunteers. However, there could
be ethical problems in this type of research.

Following this suggestive list of requirements for a possible fram-
ing of these wild rodents as true wild reservoirs of S. mansoni in
Brazil, several studies were conducted in order to elucidate some
of these points suggested by Martins (1958). As a consequence of
these facts, some authors like Piva et al. (1966) and Souza et al.
(1992), carried out experimental infections in rodents Holochilus
sp. and Nectomys sp., which observed that, during eight months of
infection, there was an average elimination of 1,000 eggs/day by
these animals. According to several protocols, have demonstrated
that during four months of experimental infection, the mollusks B.
glabrata could be effectively infected through miracidia that came
from the feces of these rodents (Picot, 1992). Gentile et al. (2010),
in parasitological researches with N. squamipes, proved that un-
der natural conditions, S. mansoni infection does not affect the
survival, reproductive capacity and mobility of the animal, allowing
continuity of the helminth cycle. In experiments performed in sem-
inatural conditions, Kawazoe & Pinto (1983) demonstrated that
Holochilus sp. was capable to maintain the cycle of the parasite in
the absence of man when the intermediate host was B. glabrata.



Table 1. Some species of wild rodents that were found naturally infected with S. mansoni in Brazil

Region State Wild rodents Infected (%) Authors
Southeastern Orthoptera mattogrossae 100
Nectomys squamipes aquaticus 575
Minas Gerais Rattus norvegicus norvegicus 46.8 Martins et al.
(Belo Horizonte) Cavia aperea aperea 33.3 (1955)
Oryzomys subflavus 12.0
Zygodontomys lasiurus 2.7
Rio de Janeiro N. squamipes 34.5 Maldonado-Junior et al.
(municipality of Sumidouro) (2006)
South Parana N. squamipes 18.18 Luz et al.
(1966)
Northeast Alagoas N. squamipes 45.31 Amorim
Holochilus sciureus 25.0 (1953)
Oxymycterus angularis 1.1 Amorim et al.
Zigodontomys pixuna 1.78 (1954)
Or. subflavus 1.03
Baixada Maranhense Holochilus sp. 29.6 Veiga-Borgeaud et al.
(municipality of S&o Bento) (probably H. sciureus) (1986)
28.7 Miranda et al.
(2015)
23.8 Lira et al.
(2016)

The wild and human strain

Since the discovery by Amorim (1953) that these wild rodents
could maintain a productive infection by S. mansoni, Kloetzel
(1959) began the suspicions of the existence of two distinct strain,
which were called years later by Bastos et al. (1978) as human (H)
and wild (S) strain. The first studies were started with the finality
to explore specific characteristics of each isolate to verify possible
phenotypic plasticity induced by the selective pressure of these
rodents as new potential reservoirs of the parasite, because ac-
cording to Cioli et al. (1977), the different vertebrate hosts strongly
determine differentiated morphological characteristics in S. man-
soni adult worms.

From this, different studies were carried out to determine if these
changes could be useful to distinguish effectively the S and H
strain, because these differentiated taxonomic characteristics
could be used as a marker in epidemiological surveys of S. man-
soni infection in areas with both human and wild rodents naturally
infected, which could provide information about the actual contri-
bution of these animals to infection rates in the human population
(Rey, 1993).

Despite the controversies, some studies have shown that male
adult worms from natural infections in N. squamipes were larger
than those from H strain infections (Machado-Silva et al., 1994).
However, the findings of Neves et al. (1998) described different

morphometric conditions, since male adult worms (isolated from
N. squamipes) showed smaller measures than H strain, where-
as adult female worms showed longer lengths. The number of
testis in adult male worms also showed some alterations when
originating from S strain, being reported differences in number
and location (Machado-Silva et al., 1995). In addition, significant
differences were also observed in adult male parasite in relation
to the total length and the distance between the oral and ventral
suckers, when compared to several Brazilian strains from humans
(Machado-Silva et al., 1995). In natural infections in H. b. leuco-
gaster (Brandt, 1827) captured in the S&o Paulo state, Dias & Pie-
drabuena (1980) observed that adult worms and S. mansoni eggs
analyzed did not present differences when compared to classic
human isolates of the parasite.

In the Maranhao state, more precisely in the Baixada Ocidental
Maranhense, some rare and old studies also proposed to establish
possible differences between these strains. According to Bastos
et al. (1982), when they verified the virulence pattern of S and H
strains (from Maranh&o) in B. glabrata collected in the same area
of occurrence of naturally infected rodents, it was observed that
S strain was three times more virulent than H strain. For the au-
thors, these data strongly suggest that there are sufficient reasons
to demonstrate that the two strains have some level of isolation in
the nature, due to the existence of differences to the parasitological
behavior in mollusks. In addition to this research, Carneiro et al.
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(1991a) and Carneiro et al. (1991b) also observed differences be-
tween the S and H strains through antigenic fractions obtained by
Western blot methodology. Among the most recent studies, only
Ferreira (2012) followed this same proposal, by analyzing the mi-
tochondrial genes of the parasite, cytochrome ¢ oxidase subunit 1
(cox1) and cytochrome b (cob), which after sequencing, alignment
and editing, observed that the cob gene, the most variable, it was
possible to verify differences between S and H strain.

Although the evidence is beginning to be elucidated in the last cen-
tury, there was a great scientific gap without studies that continued
the proposal of differentiation the two strains. With the advent of
modern methodological tools, the question of their existence or
not would be easily solved. Currently, Brazil is experiencing a re-
duction in transmission rates of schistosomiasis, with an increase
areas of low endemicity, in this sense, several studies are directed
to establish new diagnostic methods that are more sensitive and
specific to detect these areas. However, who knows the presence
of the wild strain in some regions of Brazil are not providing a dif-
ficulty in a more accurate diagnosis? From that Brazil’s situation,
we elaborate a bulleted summary of the main lines of research that
should be addressed by the researchers:

« Isolation of antigens from the adult worm (SWAP) or eggs
(SEA) of wild strain for differential diagnosis in humans (more re-
fined genetic studies would also be important in this case);

» Analyze the type of immune response (innate and acquired)
that is developed against the wild strain of S. mansoni;

» Despite low infections in humans these rodents (mainly
Holochilus sp. and Nectomys sp.) remain highly parasitized. The
position of these rodents in schistosomiasis transmission needs to
be elucidated in further epidemiological studies.

In conclusion, we believe that these are the most urgent questions
to be addressed in further research in order to have the real impor-
tance these wild water-rats in the epidemiology of schistosomiasis
in Brazil.

References

ALARCON DE Nova, B., PoINTER, J.P., CoLMeENARES, C., THERON, A.,
Bazan, C., Cesarl, I.M., GonzALes, S., Nova, O. (1997): Natural
Schistosoma mansoni infection in wild rats from Guadeloupe: par-
asitological and immunological aspects. Acta Trop., 68(1): 11 -21.
DOI: 10.1016/S0001-706X(97)00068-5

Aworiv, J.P. (1953): Experimental and natural murine infestation
by Schistosoma mansoni (Preliminary note). Rev. Bras. Malariol.
Doencas Trop., 5: 219 — 222

AmoriM, J.P., Rosa, D., Lucena, D.T. (1954): Wild rat reservoirs of
Schistosoma mansoni in Northeast of Brazil. Rev. Bras. Malariol.
Doencas Trop., 6(1): 13 - 33

Bareosa, F.S., BArBosA, |., ARRUDA, F. (1962): Schistosoma man-
soni: natural infection of cattle in Brazil. Science, 138(3542): 831.
DOI: 10.1126/science.138.3542.831

168

Bastos, O.C., Siva, AM. A., Souza, E.P. De, Lemos Neto, R.C., Pie-
DRABUENA, A.E. (1982): Occurrence of wild and human strains of
Schistosoma mansoni in lower Amazonia: | — study in moluscs.
Rev. Saude Publica, 16(5): 292 — 298. DOI: 10.1590/S0034-
89101982000500004

Bastos, O. De C., MaGALHAES, L.A., RANGEL, H. DE A., PIEDRABUENA,
A. E. (1978): Alguns dados sobre o comportamento parasitolégi-
co das linhagens humana e silvestre do Schistosoma mansoni,
no Vale do Rio Paraiba do Sul, SP (Brasil) [Some data on the
parasitological behaviour of human (H) and wild (S) strains of S.
mansoni, in the Paraiba do Sul River Valley, State of Sdo Pau-
lo, Brazil]. Rev. Satde Pudblica, 12(2): 184 — 199. DOI: 10.1590/
S0034-89101978000200011 (In Portuguese)

BraziLian MinisTRY oF HEaLTH (2014): Surveillance of Schistosoma
mansoni: Technical Guidelines. 4th ed., 142 pp. Retrieved from
http://bvsms.saude.gov.br/bvs/publicacoes/vigilancia_esquistos-
some_mansoni_diretrizes_tecnicas.pdf

CaveroN, TW.M. (1928): A new definitive host for Schisto-
soma mansoni. J. Helminthol., 5: 219 - 222. DOI: 10.1017/
S0022149X00002364

CarnEIRO, C.S., Bastos, O.C., NeTo, R.C.L., Liancg, M., Picor, H.,
Houn, R. (1991b): Identity of two strains of Schistosoma mansoni
studied by Western blot. Rev. Soc. Bras. Med. Trop., 24(Suppl. I1):
65— 66

CARNEIRO, C.S., Liance, M., Picot, H., Houm, R. (1991a): Analysis of
excretion-secretion antigens of three strains of S. mansoni. Rev.
Soc. Bras. Med. Trop., 24(Suppl. I1): 65

Cioui, D., Knopr, PM., SenFt, AW. (1977): A study of Schistosoma
mansoni transferred into permissive and nonpermissive hosts. Int.
J. Parasitol., 7(4): 293 — 297. DOI: 10.1016/0020-7519(77)90038-8
Dias, L.C., Pieprasuena, A.E. (1980): Morphological aspects of
Schistosoma mansoni in naturally infected Holochilus brasilien-
sis leucogaster. Trans. R. Soc. Trop. Med. Hyg., 74(5): 690. DOI:
10.1016/0035-9203(80)90173-X

ErnesT, K.A., Mares, M.A. (1986): Ecology of Nectomys squami-
pes, the Neotropical Water rat, in central Brazil: home range, hab-
itat selection, reproduction and behaviour. J. Zool., 210(4): 599
-612. DOI: 10.1111/].1469-7998.1986.tb03658 .x

Fenwick, A. (1969): Baboons as reservoir hosts of Schistosoma
mansoni. Trans. R. Soc. Trop. Med. Hyg., 63(5): 557 — 567. DOI:
10.1016/0035-9203(69)90172-2

Ferreira, M.S. (2012): Caracterizagdo genética do isolado de
Schistossoma mansoni de roedores silvestres Holochilus brasil-
iensis da baixada maranhense através de sequéncias de genes
mitocondriais [Genetic characterization of a Schistosoma man-
soni isolate from wild rodents Holochilus brasiliensis (Desmarest,
1819) from Baixada Maranhense through mitochondrial gene se-
quences]. PhD Thesis, Brasil, Para: Federal University of Para (In
Portuguese)

GenTILE, R., CosTA-NETO, F.S., D’ANDREA, S.P. (2010): A review on
the role of the water-rat Nectomys squamipes on the transmission
dynamics of mansonic schistosomiasis: a long term multidiscipli-



nary study in an endemic area. Oecol. Aust., 14(3): 711 - 725.
DOI: 10.4257/0ec0.2010.1403.07

GRysEELS, B., Powman, K., CLERINX, J., KESTENS, L. (2006): Human
Schistosomiasis. Lancet, 368(9541): 1106 — 1118. DOI: 10.1016/
S0140-6736(06)69440-3

Katz, N., Awveiba, K. (2003): Schistosomiasis, xistosa, barriga
d’agua [Schistosomiasis, xistose, water belly]. Cienc. Cult., 55(1):
38 — 43 (In Portuguese)

Kawazoe, U., PiNTo, A.C.M. (1983): Importancia epidemiolégica de
alguns animais silvestres na esquistossomose mansénica [Epide-
miologic importance of some wild rodents in the schistosomiasis
mansoni]. Rev. Sadde Publ., 17(5): 345 — 366. DOI: 10.1590/
S003489101983000500001 (In Portuguese)

KLoetzeL, K. (1959): Some observations of the epidemiology of
schistosomiasis in childhood. Hospital, 55: 35 — 43

Kuntz, R.E. (1962): Natural infection of an Egyptian gerbil with Schis-
tosoma mansoni. Proc. Helminthol. Soc. Wash., 19(2): 123 — 124
LatiF, B., Heo, C.C., Razul, R., SHamaLaa, D.V., Tarpg, D. (2013):
Autochthonous human schistosomiasis, Malaysia. Emerg. Infect.
Dis., 19(8): 1340 — 1341. DOI: 10.3201/eid1908.121710

Lira, M.G.S., MiranDA, G.S., RobricuEs, J.G.M., NoGuera, R.A.,
Gomes, G.C.C., CantanHEDE, L.G., Sitva-Souza, N. (2016): Aspec-
tos biol6gicos de Holochilus sp., hospedeiro natural da esquistos-
somose [Biological aspects of rodent Holochilus sp., natural host
of schistosomiasis]. Ciénc. anim. bras., 17(1): 143 — 153. DOI:
10.1590/10896891v17i137093 (In Portuguese)

Luz, E., Lima, E.C., ConsoLiN, L. (1966): Wild reservoirs of S. man-
soni in an endemic area of schistosomiasis in the State of Parana.
An. Facul. Med. Un. Fed. Parana, 9 —10: 113 - 120
MacHADO-SILvA, J.R., GaLvAo, C., OLiveira, R.M.F., Prescrave, O.A.,
Gowmes, D.C. (1995): Schistosoma mansoni Sambon, 1907: com-
parative morphologica studies of some Brazilian strains. Rev. Inst.
Med. Trop. Sao Paulo, 37(5): 441 — 447. DOI: 10.1590/S0036-
46651995000500010

MacHADO-SILvA, J.R., GaLvAo, C., Prescrave, O.A.F., Rey, L., GowmEs,
D.C. (1994): Host-induced morphological changes of Schistosoma
mansoni Sambon, 1907 male worms. Mem. Inst. Oswaldo Cruz,
89(3): 411 - 416. DOI: 10.1590/S0074-02761994000300021
MALDONADO-JUNIOR, A., GENTILE, R., FERNANDES-MoRAES, C.C., D'AN-
DREA, P.S., LanFrepl, R.M., Rey, L. (2006): Helminth communities
of Nectomys squamipes naturally infected by the exotic trema-
tode Schistosoma mansoni in southeastern Brazil. J. Helminthol.,
80(4): 369 - 375

MarTINEZ, E.M., Costa-SiLva, M., Neves, R.H., Ouveira, R.M.F. DE,
MacHapo-SiLva, J.R. (2008): Biological implications of the pheno-
typic plasticity in the Schistosoma mansoni — Nectomys squam-
ipes model. Rev. Inst. Med. Trop. Sao Paulo, 50(4): 229 - 232.
DOI: 10.1590/S0036-46652008000400008

MarTins, A.V.(1958): Non-human vertebrate hosts of Schistosoma
haematobium and Schistosoma mansoni. Bull. World Health Or-
gan.,18(5-6): 931 - 944

MarTiNs, A.V., MarTINs, G., Brito, R.S. (1955): Wild reservoirs of
the Schistosoma mansoniin the State of Minas Gerais. Rev. Brasil
Malariol. Doencas Trop., 7: 259 — 265

MeLLo, D.A. (1986): Breeding of wild-caught rodent cricetidae
Holochilus brasiliensis under laboratory conditions. Lab. Anim.,
20(3): 195 - 196

MiraNDA, G.S., Ropricues, J.G.M., Lira, M.G.S., NoGuera, RA.,
Gomes, G.C.C., Siva-Souza, N. (2015): Monitoramento de posi-
tividade para Schistosoma mansoni em roedores Holochilus sp.
naturalmente infectados [Monitoring positivity for Schistosoma
mansoni in rodents Holochilus sp. naturally infected]. Cienc. Anim.
Bras., 16(3): 456 — 463. DOI: 10.1590/10896891v16i331640 (In
Portuguese)

Netson, G.S. (1960): Schistosome infections as zoonoses
in Africa. Trans. R. Soc. Trop. Med. Hyg., 54: 301 - 324. DOI:
10.1016/0035-9203(60)90111-5

Neves, R.H., Pereira, M.J. Dos S., Ouveira, R.M.F. De, Gowmes,
D.C., MacHADO-SILvA, J.R. (1998): Schistosoma mansoni Sambon,
1907: morphometric differences between adult worms from sym-
patric rodent and human isolates. Mem. Inst. Oswaldo Cruz, 93:
309 - 312. DOI: 10.1590/S0074-02761998000700061

Picot, H. (1992): Holochilus brasiliensis and Nectomys squami-
pes (Rodentia, Cricetidae) natural hosts of Schistosoma mansoni.
Mem. Inst. Oswaldo Cruz., 87(Suppl. 4): 255 — 260. DOI: 10.1590/
S0074-02761992000800040

Pwa, N., Rusens, P., BArRros, P.R. (1966): Natural infection of wild
and domestic animals by Schistosoma mansoni in Sergipe. Rev.
Brasil. Malariol. Doencas Trop., 18(2): 221 — 233

REy, L. (1993): Non-human vertebrate hosts of Schistosoma man-
soni and schistosomiasis transmission in Brazil. Res. Rev. Parasi-
fol., 53(1-2):13-25

RopriGuEs-SiLva, R., MacHabo-Sitva, J.R., FaersteN, N.F., Lenz,
H.L., Rey, L. (1992): Natural infection of wild rodents by Schisto-
soma mansoni. Parasitological aspects. Mem. Inst. Oswaldo Cruz,
87:271-276

Souza, V.AM.,, Sitva, R.R., MaLbonabo, JRA., Siva, J.R.M., Rey, L.
(1992): Nectomys squamipes (Rodentia — Cricetidae) as an exper-
imental model for schistosomiasis mansoni. Mem. Inst. Oswaldo
Cruz, 87: 277 - 280. DOI:10.1590S0074-02761992000500052
VEica-BoraeAuD, T., Lemos-NETO, R.C., PETER, F., Bastos, O. D C.
(1986): Constatagdes sobre a importancia dos roedores silvestres
(Holochilus brasiliensis nanus Thomas, 1981) na epidemiologia
da esquistossomose prépria da Pré-Amazdnia [Findings on the
importance of wild rodents (Holochilus brasiliensis nanus Thomas,
1981) in the Pre-Amazon’s own schistosomiasis epidemiology].
Cad. Pesq., 2(1): 86 — 99 (In Portuguese)

WHO (2015): Investing to overcome the Global Impact of Neglect-
ed Tropical Diseases: Third WHO report on neglected tropical
diseases. Geneva: Who, 191pp.

169



