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Drug resistance associated with the treatment of human schistosomiasis appears to be an
emerging problem requiring more attention from the scientific community than the subject
currently receives.

Drug-resistant strains of Schistosoma mansoni have been isolated by various investigarors as a
result of laboratory experimentation or from a combination of field and laborarory studies.
Review of this data appears to indicate that the lack of susceptibility observed for some of the
Isolated strains cannot be ascribed solely to previous administration of antischistosome drugs and
thus further studies are required to elucidate this phenomena.

Strains of S. mansoni have now been identified from Brazil which are resistant to oxamniquine,
hycanthone and niridazole; from Puerto Rico which are resistant fo hycanthone and oxamniquine;
and from Kenya which are resistant to niridazole and probably oxamniquine. Strains derived by
In vitro selection and resistant to oxamniquine and possibly to oltipraz are also available. All of
these strains are currently maintained in the laboratory in snails and mice, thus providing for the
first time an opportunity for indepth comparative studies. Preliminary data indicates that
S. haematobium strains resistant to metrifonate may be occurring in Kenya. This problem could

poise great difficulty in the eventual development of antischistosomal agents.
Biomphalaria glabrata from Puerto Rico and Brazil were found to be susceptible to drug-

resistant S. mansont from each country.

Drug resistance can be defined as the transi-
tory or permanent loss of the initial sensitivity
of microorganisms or mammalian cells to the
cffect of substances which interfere with vital
functions of thesc structures. It manifests itself
after the exposure to the agent in vitro or
in vivo. More recent developments in this area
might justify a further simplification of this
statement in the words of “Lamy” (1967) as
the *“‘sudden or gradual, permanent or transient
loss of the originally present susceptibility to a
chemical compound”.

The first observation that certain micro-
organisms could become resistant to drugs
which they were formerly sensitive to was made
by Ehlich (1907, 1910) for trypanosomes.
Subsequently, many microorganisms such as
bacteria viruses, spirochetes, fungi, richettsia
and protozoa such as malaria, entamebae,
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coccidians among others were shown to be able
to develop resistance to therapeutic agents
(Bishop, 1962; Goldstein et al., 1969; Kelly &
Hall, 1979; Peters, 1979; Chapman, 1982). The
problem of drug resistance also occurs among
arthropods (Brown & Pal, 1971).

During this century, the widespread use of
drugs to treat and control infectious organisms
has almost invariably led to the development of
drug resistance (Goldstein et al., 1969). In man,
this problem has been a very persistant one in
regard to the treatment of bacteria and
protozoa such as malaria, trypanosomiasis and
more recently leishmaniasis (Bishop, 1962).
Constant vigilance 1s maintained for the occur-
rence of new resistant strains among protozoa
and bacteria as compared to no effort for the
helminths which infect man.

Drug resistance in helminths (nematodes)

Among the helminths, drug resistance has
occurred from the widespread use of anthelmin-
tics to treat nematode infections in domestic
animals. Considerable concern has arisen in the
veterinary industry in Australia because of drug
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resistance in nematodes of sheep. The problem
has already progressed beyond the situation as
reviewed recently by Prichard (1980), to one
where in some areas the two major types of
anthelmintics used no longer kill some species
of nematodes. The phenomenom of nematode
drug resistance is not confined to Australia. In
the opinion of many scientists, the problem is
now growing worse in America,

Based on farmers’ experiences with anthel-
mintics especially in Australia and reports of
new cases, the problem with drug resistance in
nematodes is likely to persist. In fact, users of
nematode anthelmintics are now seeking
alternative ways of controlling these drug-
resistant nematode worms (Anderson & Waller,

1985).

Drug-resistant strains of nematodes have
been produced experimentally (in both in vivo
and in vitro systems) in the laboratory with
such anthelmintics as carbendazole, thiabenda-
zole, and levamisole (Berger, 1975; Colglazier
et al., 1974; Kates et al., 1973; Le Jambre et
al., 1976; Lewis et al., 1980). For carbendazole
and thiabendazole, resistance has been brought
about by selection of a naturally drug-resistant
population and the progressive elimination of
drug sensitive worms. In the case of levamisole
and benzimizole resistance, Caenorhabditis
elegans worms were first exposed to a mutagen
and then selected with these drugs.

Drug resistance in helminths (trematodes)

The problem of drug resistance among
helminths is not limited only to nematodes.
The literature contains many references which
refer to the wide variation in results obtained
from drug trials both clinically and under
experimental conditions concerning the sus-
ceptibility of Schistosoma mansoni from
various geographical regions. The results of
these observations have shown that strains of
S. mansoni originating from the same region
also differ in their sensitivity to antischistoso-
mal drugs (Lee et al., 1971 ; Mousa et al., 1969;
Saoud, 1965 ; Pedro et al., 1979; Pedro, 1980).

References to the occurrence of resistant
S. mansoni strains have been reported by
various investigators as a resuit of laboratory
experimentation or from a combination of field
and laboratory observations. These include the
reports by Araujo et al., 1980;'C0mpos et al.,
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1976; Dias et al., 1982; Dias et al., 1978;
Jasma et al., 1977; Katz et al., 1973, Rogers &
Bueding, 1971. It appears that from some of
the reported data that the lack of susceptibility
observed in some strains of S. mansoni cannot
be ascribed solely to previous administration of
antischistosome drugs and thus further studies
are required to elucidate this phenomena.

Rogers & Bueding (1971) and Jasma et al.
(1977) showed the occurrence of genetically
transferred resistance to hycanthone for several
strains of S. mansoni in mice. It should be
pointed out that the relative ease by which
resistance to hycanthone was produced under
experimental conditions may be due to the
highly mutagenic nature of this compound.
Development or selection of resistant strains
may not occur as readily with other antischisto-
somal agents.

Thus it is also important to distinguish
between tolerance and resistance. For example,
if a population of worms which has not been
exposed to a drug does not respond completely,
then this can be called tolerance. If on the
other hand, the response of a population of
worms of one species changes with sucessive
uses of the drug, then resistance can be con-
sidered to be present. We currently observe

both of these occurrences among schistosome
populations (Prichard et al., 1980).

The occurrence of drug-resistant S, mansoni
as a result of treatment of patents was first
suggested by Davis (1966) during a program in
upper Egypt. It was observed by clinicians that
the cure rate was lower in those patients
undergoing a second course of treatment with
niridazole than in those receiving treatment
for the first time, thus suggesting that perhaps
drug resistance was developing in the retreated
group.

Since that time and until recently, nearly
all of the reports concerning information
relative to the occurrence of drug resistant
S. mansoni in the field from patients treated
with various drugs have come from Brazil.
(Araujo et al., 1980; Compos et al., 1976,
Dias et al., 1982: Dias et al., 1978; Katz et al.,
1973).

However, during the past 2-3 years studies
conducted collaboratively between scientists
from Brazil, Kenya and the United States
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have confirmed the existence of drug-resistance
in Brazil and found worms which did not
respond to oxamniquine in Kenya. In addition,
poor cure rates were also found with metrifonate
in Kenya suggesting that drug-tolerant §. hae-
matobium may be present (Coles et al., 1986).
Also, some patients infected with praziquantel
were not cured with two separate regimens of
praziquantel. Isolation of these strains and
their subsequent passage through snails and
exposure of mice, which were subsequently
treated with praziquantel did not demonstrate
drug-resistance to this compund.

Drug tolerant and resistant S. mansoni strains

An important aspect of our collaborative
research has been the establishment of a bank
of strains which can be classified as either
“tolerant™ or “resistant” (Table I). The descrip-
tion for each of these strains of S. mansoni is
as follows:

1. MPR-1 (University of Michigan — Puerto
Rico): This strain has been maintained continu-
ously in the laboratory since 1953 by passage
through Biomphalaria glabrata (Puerto Rican
strain) and CD-1 swiss albino mice.

2. MAP (Minas Gerais, Brazil; oxamniquine
and hycanthone resistant). The MAP strain was
obtained from a patient in 1978 following
unsuccessful treatment with hycanthone and
then oxamniquine. This strain has been maintai-
ned continuously in the laboratory by passage
through albino B. glabrata (Brazilian strain)
and CD-1 swiss albino mice.

3.H-30 (Johns Hopkins, Puerto Rico;
hycanthone resistant): This strain was derived
by in vivo selection in mice treated with hycan-
thone in 1976 and has been maintained con-
tinuously in the laboratory by passage through
B. glabrata (Puerto Rican strain) and CD-1
swiss albino mice.

4. MPROXR-1 (University of Massachusetts,
Puerto Rico; oxamniquine resistant): This strain
was derived by in vitro selection of the MPR-1
strain with oxamniquine and has been maintai-
ned continuously in the laboratory by passage
through B. glabrata (Puerto Rican strain) and

CD-1 swiss albino mice since its selection in
1985.

5. MPROL-1 (University of Massachusetts,
Puerto Rico; partially oltipraz-resistant): This
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strain was derived by in vitro selection of the
MPR-1 strain with oltipraz and has been main-
tained continuously in the laboratory by
passage through B. glabrata (Puerto Rican
strain) and CD-1 swiss albino mice since its
selection in 198S.

6. BH (Belo Horizonte, Minas Gerais, Brazil
drug susceptible): This strain was isolated from
an untreated patient in 1967 and has been
maintained continuously in the laboratory
by passage through albino B. glabrata (Brazi-
lian strain) and CD-1 swiss albino mice.

Each of these strains are currently maintained
at the Center for Tropical Diseases, University
of Lowell. The MAP and BH strains are also
maintained at the Department of Parasitology,
State University of Campinas.

Stability tests

The response of the drug-susceptible, tolerant
and resistant strains (Table I) to several anti-
schistosomal drugs were recently tested to

determine their stability and the results are
shown in Tables II and III.

TABLE ]

Tolerant and resistant strains

Strain Tolerant Resistant

MPR-] X
KMN-1 X
MAP

H-30

MPROXR-1

MPROL-1

BH*

PGPS PG e

* Reference strain which is susceptible to six of the
most recently developed antischistosomal agents.

The BH strain (Table II) was found to be
susceptible to all of the antischistosomal agents
used. Nearly all worms found were observed
to be dead in the liver as compared to the
control (untreated) mice where all worms
found were alive. Oogram changes showed
nearly maximal alteration as compared to
control (Untreated) animals which showed
no changes.
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TABLE 1]

The activity of some schistosomicides against a brazilian strain (BH) of Schistosoma mansoni

Do No. of mice Mean Worm recovery (%) Dead Qogram
se .
Drug (mg/ke) woIm worms in  changes
Treated Examined burden Liver M. veins*  liver (%) (%)
Control - 15 13 52.1 22.8 77.2 0.0 0.0
Hycanthone 1 x 80 15 9 36.2 98.1 1.9 97.2 100.0
Oxamniquine 1x100 15 14 33.3 94.8 5.1 96.4 100.0
Amoscanate 1 x 300 15 13 35.8 94.8 5.1 99.3 100.0
Niridazole §x100 15 13 37.6 96.0 4.0 93.8 92.3
Oltipraz 5x125 15 12 28.4 100.0 0.0 100.0 100.0
Praziquantel 5 x100 15 11 29.2 100.0 0.0 100.0 100.0
All animals were sacrificed at 14 days after dosing.
* M. veins = mesenteric veins.
TABLE III
The activity of some schistosomicides against S strains of Schistosoma mansoni
Do No. of mice Mean Worm recovery (%) Dead Oogram
Strain Drug ( /'rl':' ) worm worms in  changes
ME/X8)  Treated Examined burden Liver M. veins** liver (%) (%)
Hycanthone 1 x 80 15 10 37.6 9.7 90.3 46.7 0.0
MAP Oxamniquine 1 x100 15 10 39.6 15.6 84.3 0.0 0.0
Control — 15 13 48.0 23.6 76.4 0.0 0.0
Oxamniquine 1 x100 15 13 21.1 29.0 70.9 0.0 0.0
MPR-1 Praziquantel 5x100 15 14 17.0 00.0 0.0 80.0 100.0
Control - 15 12 22.2 17.2 82.8 0.0 0.0
H-30 Hycanthone 1 x 80 15 15 28.2 22.5 77.5 1.5 6.7
-3 Control - 15 12 30.0 234 76.5 0.0 0.0
Oxamniquine 1 x100 15 13 24.5 5.0 95.0 33.3 0.0
MPROXP  ontrol _ 15 14 26.6 14.3 85.7 0.0 0.0
Oltipraz Sx125 15 15 9.0 23.8 76.2 93.0 70.0
MPROL Oltiptaz 1 x 300* 15 15 2.1 00.0 0.0 56.2 100.0
Control — 15 15 25.8 18.6 81.4 0.0 0.0

* Sacrificed on day 56 after dosing; all others sacrificed at 14 days after dosing.

** M. veins = mesenteric veins.

The MPR-1 strain (Table III) was found to
be still resistant to oral treatment with oxamni-
quine but susceptible to praziquantel. Qogram
changes showed maximal alteration for prazi-
quantel treated mice as opposed to no observed
alterations for the oxamniquine treated and
control (untreated) mice.

The KMN-1 strain (Table I) which is resistant
to nirdazole was not included in this study.

The MAP strain (Table III) was found to be
still resistant to hycanthone and oxamniquine,
as previously reported, with no observed
alterations in oogram patterns for treated or
control (untreated) mice.

Resistance of the H-30 strain to hycanthone
was sustained (Table IH), as previously reported
(Jasma et al., 1977), with very slight alteration
in oorgram patterns observed for the treated
mice and none for control mice.

Following treatment with oxamniquine, the
MPROXR strain (Table III) was found to be
very resistant; its stability being maintained
with no oogram changes observed in either the
treated or control (untreated ) mice, as previously
reported.

The MPROL strain (Table III) was observed
to be susceptible to oral treatment with 1235
mg/kg of oltipraz per day X 5 and at a regimen
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of 300 mg/kg X 1 day it was apparently more
resistant as judged by migration of worms
from mesenteries to liver and by oogram
changes.

The BH strain was found to be susceptible
to hycanthone, oxamniquine, niridazole, amos-
cantate, oltipraz and praziquantel. This data is
very important because it is essential that a
strain known to be susceptible to the currently
used antischistosomal drugs is available for
evaluating novel compounds as well as for
comparing resistant and susceptible strains.

The MPR-1 strain which is resistant to
oxamniquine was isolated in the field (Dr.
Henry van der Schalie obtained the MPR-1
strain form Dr. Paul Thompson to the Park
Davis Pharmaceutical Company in 1953) before
hycanthone or oxamniquine were introduced
clinically. Apparently, resistante developed as
passage through mice and snails occurred
without the strain ever having encountered
the drug. Alterations of iscenzyme patterns
have been reported following passage of schis-
tosome strains in mice (Coles, 1971 ; LoVerde
et al., 1985) and the present results indicate
that changes in susceptibility to a particular
drug could also conceivably occur, although
when and how rapidly it occurred is not known.

With suitable modifications, it should be
possible to use the recently developed method
of in vitro selection of Coles & Bruce (1987)
to look for a small percentage of worms tolerant
to a schistosomicide, and therefore predict
whether resistance might develop on prolonged
routine passage of the strain in the laboratory.

Susceptability of Biomphalaria fo drug-resistant
S. mansoni

An important aspect of schistosome drug-
resistance which needs addressing is the poten-
tial of specific snail-intermediate host strains
to transmit and disseminate the resistant
parasite regionally and geographically in the
field. Preliminary studies have been carried
out comparing the susceptibility of a strain of
Biomphalaria glabrata from Brazil to one from
Puerto Rico.

The data obtained is shown in Table IV. It
is shown that infections did occur with the
drug-resistant strains suggesting that resistance
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could travel with movement of people who
were not cured following therapy. Movement
of breeding stock has been suggested as one
method in the spread of drug-resistant ovine
nematodes (Brenner, 1974).

Discussion and Conclusion

Based on results obtained thus far from
Kenya and Brazil, we feel that in order to
demonstrate resistance in a population of
schistosomes, it will first be necessary to
determine the response to several isolates of
worms in laboratory animals to antischistosome
agents before the drugs are used on a wide
scale. The occurence of significant changes in
response to a drug following widespread use in
a particular area is an indication that resistance
has occurred. Isolates failing to respond to
antischistosomal drugs should be considered
as naturally tolerant isolates until such time as
sufficient data is available to confirm that
resistance has occurred.

In one of our recent publications Coles et al.
(1986), we have recommended that standardi-
zed protocols be required for use in the demon-
stration of schistosome resistance so that data
from different laboratories and regions can be
compared. These recommendations are as
follows: Outbred mice should be given a cerca-
rial dose so that it will produce little or no
mortality. By tail immersion, this usually
means 80 to 100 cercariae per mouse. Af six
to eight weeks after infection groups of at
least six mice are dosed orally with drug
suspended in 25% glycerol and 1% Cremophor.
Mice are examined post-mortem and the
numbers and conditions of worms and the
oogram changes noted in control and treated
mice. The results are expressed as percentage
reduction intreated groups compared to con-
trols. The time of post-mortem should allow
for the death of all drug-damaged worms and
we recommend mice be sacrificed 14 days
after treatment with oxamniquine and prazi-
quantel and 56 days with oltipraz.

In view of the current situation, there seems
to be little reason to think that the same
problem is not occurring in other regions of
the world where antischistosome drugs are
being used to treat patients both in clinics and
on a mass scale.
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TABLE IV

Susceptibility of Biomphalaria glabrata from Brazil and Puerto Rico to different strains of Schistosoma mansoni

Days of infection

0-28 days 29-70 days
Snail Schistosomc ) .
strain strain Dcaths Shcdd!ng Deaths Sh‘*dd!“g
ccrcariac cercariae
No. Jo No. % No. V2, No. To
Brazilian BH 4 8 0 0 21 4) 45 82
MAP 1 2 11 22 11 22 29 58
H-30 0 0 0 0 1 2 8 16
MPROL 0 0 0 0 1 2 5 10
MPROXR 0 0 0 0 1 0 4 8
Control 0 0 0 0 0 0 0 0
Puerto BH 0 0 0 0 43 86 45 30
Rican MAP 1 2 4 8 17 34 46 92
Control ] 2 0 0 0 0 0 0

Note: Fach exposurc group contained 50 snails.

Although the rate of occurrence of drug-
resistant strains will depend on thc lenght of
the parasite life cycle and the selection pressure
used, this in turn will depend on the percentage
of the population treated, the frequency of
dosing and the efficacy of the treatment. Drugs
with 100% efficacy should not select for
resistance, but in practicc few treatments for
schistosomiasis give a complete cure of egg
production. Whether those worms that survive
are present due to the pharmacology of the
schistosomicide and thus the effectiveness
of the therapy varying between patients, or
because of a natural variation in susceptibility
of worms to drugs is not known. If all cases
were duc to the former reason, there would
be no reason for concern, but if the latter is
true, then drug-resistance could be expccted
to emerge. In practice, both situations may
be expected to occur in the field.

There is at present no information on the
significance of drug-resistance in schistosomiasis
anywherc in the world. Clearly this situation
must be remedied as resistance could become
a very scrious problem in the control of schisto-
somiasis. Before detailed e¢pidemiology of
resistance can be undertaken, as has been
pecrformed for nematodes of sheep, basic
information necds to be coliccted. This must
include a description of what resistant strains
already exist in the field and to what drugs
these strains are resistant. This is a prerequisitc

for the optimal clinical therapy of patients
harboring resistant strains. It also nceds to be
detecrmined whether strains failing to respond
to more than one type of drug are present. This
has been described in the nematode Haemon-
clus controtus in Austrailia (Prichard et al.,
1980) and may be widespread. It could
presumably occur with schistosome species as
well.

In addition to searching for resistance and
trying to rclate cure rates to presence of drug-
resistant worms, we should look for alternative
methods to be used for infection of snails with
eggs from patients. Current procedures take at
least 12 weeks to complete and require large
numbers of animals. Alternative tests using
infected snails, cercariae or schistosomula
should be investigated.

As stated previously, observations concerning
tolerance to S. haemarobium have now been
made (Coles et al., 1986). Only one laboratory
study, Hsu et al. (1963) suggests drug-resistance
may occur with S, japonicum worms.

In view of the occurrence of drug-resistant
schistosomes following treatment of patients
with hycanthone, oxamniquine, niridazole, and
mectrifonate, it is conceivable that this could
occur with compounds which may be developed
in the future. This problem then poses great
difficulty in the eventual development of
antischistosomal agents.
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