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INTRODUCTION

The llterature on anthelmintic drugs for intestinal nematodes has proliferated
exponentlally in the last decade due to the introduction of a number of effective and
acgeptable compounds, Whlle the availabllity of these new drugs has brought a welcome and
needed diversity of cholce to the physician and the public health worker dealing with those
helminthiases transmitted by soil or by the faecal-oral route, there is some confuslon about
the relative merits and demerits of each compound.

On reviewing the literature, the most constant theme which recurs repeatedly iz the
poor experimental deslgn used in the evaluation of anthelmintics. In many evaluaticns no
design at all is employed and they become perzonal anecdotes of varylng numbers treated,
Many of the baslc prineiples of sampling and scilentific experlmentation are lgnored and only
too infrequently is there any attempt made to adhere to the recommended and recognized
methods of conduet_ for drug evaluatlon elther inltially, or, at a later stage, in the formal
therapeutic trial. The few papers which do include examples of randomized allotment to
treatment groups, stratification to increase precision of comparisons, untreated controls,
placebo treated controls, double blind assessments and other fundamental safeguards are
outstanding and will he referred to when necessary,

There is a great need for the dissemination of Information on the conduct of chemo-
therapeutic trials in helminthie infectlons, and the necessity for thinking in statistlieon]
terms which should eomplement the medical skill needed. Until this attitude becomes
commonplace, the literature will remain stuffed with ¢laims, counter claims and estimates
uf drug efficacy based, far too often, on very flimsy evidence. Since the purpose of the
formal therepeutlc trial ls to answer questions on drug efflcacy In a preclse manner, and
since many of the measurements made In the helminthlases are objective z2nd gquantifiable, it
is unfortunate that few cliniecal investigators use the anti-blas devices Inherent in this
method of appreach. It is hoped that the increasing appreclation of elinleal pharmacology
as an Iindependent diseclipline within medicine will stimulate a wider use of sclentifically
acceptable methods of drug evaluation.

See Wid Hlth Org. techn. Rep. Ser., 1968, No, 40%
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I. DRUGS AND THE INTESTINAL NEMATODES

The majority of the drugs to be discuassed have been Introduced and sublected to clinical
trials singe the last two main WHO Expert Committee meetings of 1963 on Scil-Transmitted
Helminths,” and 1967 on the Control of Aﬂeariaaiﬂ.2

Taking ascariasis as an example, the following compounds are known to possess activity
against Ascaris lumbricoides to a greater or lesser degree: tetrachlorethylens, oil of
chenopodium, a mixture of tetrachlorethylene and oll of chenopodium, ascarldole - a purified
extract of oil of chenopodium, higuerclatex, hexylresorcinol, diethyleoarbamazine,
intragastric or intrarectal oxygen, dithlazanine lodide, stilbazium fodide,
dichlorvos, dymanthine hydrochloride, santonin, santonin and kainlc aeld, "Velardon" - an
activated papain preparation, piperazine salts, bephenium hydroxynaphthoate, thiabendazole,
levamisole, pyrantel =alts and mebendazole.

Furthermore, agombinations of drugs have been produced for use in multiple helminihic
infections. The principle here is the mixture of two compounds each having an anthelmlntiec
effect against one or more parasites. FProviding that incompatibility in the pharmaceutical
sense 1s absent, then it might be anticlpated that treatment results of such a broad spectrum
approach would be similar but guicker than the results of administering each drug separately.
Examples are: piperazine and pyrvinium pamoate for the treatment of ascariasils and entero-
blasis, and plperazine combined with thiabendazole as a general purpese broad speetrum
anthelmintic.

It is gbvicusaly impractiecable, nor indeed desirable, to review all compounds with
activity against Ascaris and this example applies %o many other intestinal nematodes.
Henee this review deliberately restricts itself to the new drugs consldered of real promise,
There is & dearth of comparative evaluations of efficacy of quality in this fleld for both
old and new drugs but, where appllcable, mention of such triasls will be made.

Table 1 gives a ranklng of the major effect of each of the newer drugs on the common
intestinal nematodes and can be used as a background for discussion of the relative merlis
of a drug agalnst an indlvidual papraslte.

Wld Hith Org.techn. Rep. Ser., 1964, No. 277
Wid Hlth Org,techn. Rep. Ser.., 1967, No. 379

7
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1. DRUGS FOR ASCARIASIS

1.1 Factors in the life cycle affecting the evaluation of drug effiecacy

duantitative techniques in ascariasis are of leas significance than in other helminthic
infections for two reasons: (1) the fecundity of the female ascarld whiech ls saild to
produce some 200 000 eggs per dry. Thils means that assessment of worm load from egg count
data can be performed by simple methods, the thin direct faecal smear or the thieck cellophane
smear (the Kato method); (2) the large size of the adult worms which can be counted in the
stools after treatment. {It should be noted that 1t may not be possible to collect all
stools after treatment without close supervision and 1t 1s not always known whether all worms
have been expelled.)

The life of the adult ascarid in man 1s about one year.

1.2 Older drugs

Many fell iInte dlsrepute for a varliety of reasons. Carbon tetrachlorlide could produce
liver damage; tetrachlorethylene stimulated ascarids to movement pricr to expulsion and was
assonlated with complications of such worm movements. The efficacy of other older drugs,
diethylearbamazine, stilbazium, dymanthine, and "Welardon", wes never of an extent sufficient
to delay their demise on the advent of new therapeutlc agents, The useful combination of
tetrachlorethylene and il of chenopodium was not free from risk to the human host, while the
eyanine dye derlvatlive, dithlazanine lodide, was assoolated with a series of deaths and was
withdrawn from the US market by the manufacturers in 1967,

It should be remembered, however, that desplte the improved characteristles of the newer
drugs, there are many countries where, possibly for financial reasons, the older drugs are
3t1ll widely used at dispensary or ¢linle level and may also be found in hospital practice,
although it 1s commoner for the hospltals to have access to the newer compounds.

1.5 Newer drugs

1,%.1  PIPERAZINE DERIVATIVES

Piperazine (diethylenedlamine) is avallable &5 a hexahydrate containing 34% of
the base, and as a vardety of neutral salts. Te minimlze descriptive variatlon, dosage Is
customarily expressed in terms of the hexahydrate egquivalent.

1.3.1.1 Pharmacology

Piperazine is readily absorbed from the gastro-intestinal tract, a portion l1s
metabolized, and the remainder exereted in the urine. It is virtually wlthout pharmaco-
dynamie activity after oral administration. No essentilal differences in the absorption or
excretion patterns of the citrate, adipate or phosphate have been found but there is a2 wide
range of the rates of piperazine excretion in different Individuals.

1a3.1.2 Mode of actlion

Piperazine acts by producing a neuromuscular block in Ascaris through an anticholinergic
action at the myoneural Junction, in assoclatlon with decreased sucelnle acld preoduction by
the worms. Both actions are reveralible if worms are transferred to & piperazine-free
medium. 4 similar blocking actlon oceurs in mammalian skeletal muscle preperations but is
much weakep, The narcotized worms lose their ability to retain thelr position against small
intestinal perlstalsis, are carried down the gastro-intestinal tract passively and voided
with the faeces, The use of purgatives 1= normally unnecessary since they may stimulate the
intestine and promote rapid drug exeretion.
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1.3.1,% Clinleal use

There has been a bewlldering number of trials of numerous piperazine derivatives against
Ascaris utllizing different parasitological teehniques, This review of trials has eoncen-
trated on situatlons where drug administration was known to be highly acocurate, and where
skilled personnel undertook the post treatment examinations.

Among the best therapeutlc trials were those eonducted by Goodwin & Standen (1954, 1958)
in whieh all dozes were given by the authors, and all follow-up stool examinatlons conducted
personally, Although non-quantitative in the striet sense, second stools were examined 5-T
days after treatment by a direct frecal smear, and the presence of a single fertilized or
infertile ege was regarded az a therapeutic fallure. Hence the criterion of therapeutic
success was stringent.

In trials involving large numbers of patients in Tanzania (then Tanganyika), and Gambis,
the curative efficiency of varlous zalts after single doses was compared. After a single
dose equivalent to 3 g. of piperazine hexahydrsate, the citrate, adipate or phosphate salts
gave identical cure rates (as defined) of some 76%. Although, after the same hexahydrate
equlvalent dose of the stearate and sebasate, the cure rates rose some ten percentage points,
the difference was statistlcally insignificant, and these two salts were of less practical
use due to taste and bulk of preparation.

In adults, a single dose of 4 g. of hexahydrate equivalent was zafe and gave cure rates
of 85-90% with reduction of worm burden in those not parasitologleally cured. In children
it was felt that a maximunm safe and effective dose was 3 g.

Ir another trlal in which a syrup of plperazine citrate was compared with a solid
citrate preparation at a single dose of 4 g. of hexahydrate equivalent, the therapeutic
effect of each was similar. Preference was glven to the liquid formulation which was con-
sidered the optimum for extended therapeutlc use.

General concluslons were: plperazine was a safe and effective ascaricide. Viptually
ne side effects were seen but Infrequent reports of pilperazine toxleity have since been
documented. The therapeutic efficacy of different preparations was related to the
plperazine base content and was uninfivenced by the choice of acld radical. The syrup of
plperazine cltrate was as effective as the solid citrate formulation, and was of more
practical value in mass tremtment since guicker and better population coverage was attalned.

Chemical stability was satisfactory sinece, in a further trial, the effects of freshly
prepared cltrate syrup were compared with two batches of drug whieh had been stored for six
months at 37°C and 50°¢ rezpectlively. Ne significant differences In therapeutic efflcacy
were found.

In the last 20 years the experiences of individual Investigators and many mass treatment
programmes have amply confirmed the efficacy of plperazine In ascarilasis. The following
examples are drawn from a voluminous literature.

Blagi & Rodriguez (l1960) conducted a highly successful Ascaris eradiecatlon campaign
among the inhabltants of a closed rural village population in Mexleo of 529 inhabitants.
The whole population was given a single dose (100 mg/kg not exceeding a meximum of 4 g.} of
piperazine hexanydrate and Superinone, a surfactant, once monthly for eight months, After
the first treatment, 28% of the populaticon expelled Ascarls totalling 5192 in number. After
the second treatment, 205 immature and 1% mature worms were expelled. A steady drop in the
number of expelled worms occurred after successive treatments untll at month eight no mature
or imature Asecaris were found. In 3968 treatments no side effects were ohzerved.

-5
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In quantitatlive comparatlve trials of a varliety of anthelmintics using standardized
methods (mean pre-treatment egzg count of two Stoll procedures, post treatment Stoll egg
count at 10/11 days and a small subsample of worm counts in washed faeces after drug admini-
stration), Peha-Chavarria (1963) ranked efficacy in terms of percentage reduction of eggs in
samples of 100 patients treated with each drug. Percentage egg reduction In excess of 90
was found after stilbazium lodide (97%), 2 trichlorophencl-piperazine preparation (95%) and
oil of chenopodium (94%). Of the newer drugs, thlabendazole and bephenium hydroxynaph-
thoate gave reductlons of 77% and 69% respectively.

From Japan, where santonin hes been widely used in mass ascariasis treatment, Yanagisawa
et al. (1963), 1n a small comparative trisl of piperazine malate (40 mg/kg/day/2 days to a
maximum total dose of 4 g.) against a mixture of santonin {50 mg) and kainie acid {5 mg)
reported cure in 86.5% after piperzzine and 78.5% after the santonin mixture. Xanthopsla
ooourred in 50% of those given santonin.

Chari and Hiremath (1967) conecluded that piperazine gave fewer side effects when com-
pared with dymanthine hydrochloride (Thelmasan) in ascariasis.

In an uncontrolled non-quantitative trial of dl-glucosyl-piperazine at a dose equivalent
to 4 g. of hexahydrate, Campos et al, (1968) reported an B8% cure (n = 50) and good
tolerance.

Farid et al. (1966) noted that while the customary recommended dose was 3 or 4 g.,
others had glven & g. to people over 40 kg body weight with a 94% sure rate, worm expulslen
in every case and a complete absence of side effects. In attempting to confirm this, they
gave single doses of 6 g. of piperazine citrate syrup to a small rumber of patients welghing
more than 33 kg, while those under this weight received 3 g. Thirty=-three patlents were
treated; means of two pretreatment Stoll counta were used as the egg output variable, all
stocels were collected for three days after treatment and worms counted and a further examina-
tion was done at two weeks by MIFC when eggs were reported as present or absent. In this
detailed evaluation an overall radlcal cure of 79% was cbtained and worm expulsion cecurred
in 874, On relating worms expelled to faecal egg counts an estimate of 223 000 eggs per
female Ascaris per 24 hours was arrived at, similar to one widely used estimate. The mean
worm load was 2-3 adults. Vemiting occcurred in two patients but no other side effects of
treatment were observed.

In a semi-quantitative comparative trial of piperazine elitrate syrup {about 120 mg/ke)
versus santonin {5 mg/kg) against Ascaris in children in Pakistan, Khan et al. (1970) found
no significant differences In percentage reduction of eggs (assessed by Stoll counts) after
treatment with the two drugs. Cure rates at day 7 were 828 for piperazine and 66% for
Santonin,  Side effects of both drugs were comperable in being mild and transitory.

A well deslgned and documented trial of mass chemotherapy for amscariasis in Cherckee
Indian school ¢hildren was undertaken by Fond et al. (1970). Patlents were randomized to
treatment and placebo contrel groups and examinatlions of stools were conducted in s blind
fashion by techniciens, Plperazine citrate syrup (5 g) was given five times 1n one yesr
with & cure rate of B7.9% at one year. This however must be set against a spontanecus
negative stool conversion rate of 43.9% at one year in the placebo group, which may be due
to a decrease in egg pollutlon in the soil as sugeested by the authors, or the death of
wormis in a lightly infected placebo group. Thare were signifleant differences in attack
rates, i.e. conversion from egg negative to ege positive stools in the treated group (&.3%)
and placebo group (19.3%). Thus piperazine had some effect in reducing transmission, In
1200 doses, no side effects were seen.
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The examples cited above can be taken as firm evidence of the efficaecy of piperazine
in ascariasis whether in individuval or mass treatment, even allowing for deficlencies in
deglsn, techniques and evaluation. ‘

1.3.1.% Doszage

Tndividual treatment

Piperazine citrate can be taken as the type preparation with the realizatlonm that many
alternative salts are available and are of comparable efficacy. T+ 48 prepared as &
flavoured syrup or as tablets, and there iz some suggestive evidence that the syrup gilves
slightly superior therapeutic resulis than the tablets. There are slight varlatlions in
the hexahydrate equivalent of syrups according to the method of manufacture, Tt is thus
wise, and customary, to record the dose given as a hexahydrate equivalent.

An agrepted and safe schedule for adult patients is 75 mg/kg of body weight with a
maximum individual dose of 4 g. One single dose trestment may be expected to cure 70-F0%
and reduce the worm loasd in the remainder. Laxativez are not customarily used.

If such & dose 18 gilven for two successive days, cure rates increase to over Lo
with a similar reduction Iin worm lead in those not parasitologically cured. Az noted,
higher doses have been employed but increase in cure rates has not necessarily parallelled
the Increased dosze,

Tn children under 20 kg weight, the maximum single dose should net exceed 2 g.

Tn individual treatment, mild laxatives are occasionally employed In the presence
of constipation. In mass treatment there are no indications for laxative addltion.
Mixtures of plperazine and semma which are commercially available have not led to striking

inereases in cure rates.

Masg treatment

There seems little reason to depart from the excellent exposition of this sublect
in the WHO Expert Commitiee report,] where the subject iz discussed at length. Syrup
of plperazine citrate was accepted at the time of writing as being the preparation
conforming most closely to the required criteria for a drug for mass use. A uzeful table
of dosage on body weight and a standsrdized mode of drug preparation were presented.

1.3.1.% Adverse reactions

World-wide experience over many years has confirmed that piperazine 15 one of the
zafest anthelmintics known to man. The denominator of patients treated, often under
difficult conditions or with high doses, must be of the order of millions, and the
infrequency of side affects probably gives rise to the emphasis placed on the few reports
of acute drug toxiclty.

Few, if any drugs, are without nazard to man snd piperazine is ne exception, but its
therapeutic index (the relationship betwsen the therapeutic dose,and the toxle dose) is
high. Mild drug reactions occur occasionally and include nausea, vomiting, abdominal
digcomfort or pain and loose stools or diarrhoez. An interesting occurrence of hyper-

1 14 Hlth Org. techn. Rep. Ser., 1967, No. 379
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sensitivity reactions to pipsrazine, provoked by repeated administration of the drug, was
encountered by Butler (1968). Symptomatic relief was obtalned with sntihistamines. Very
rarely, symptoms refersble to the central nervous system are encountered: vertligo,
Incoordination , ataxia, muscular weakness and hypotonia, difficulty in accommodation,
drowsiness, Abnormal electroencephalographic patterns are known and an assoclation with
the preedipitation of eplleptiform seizures has bheen documented, In deseribing an
experlence of neurctoxleity in a 9 year old child with homozygous 55 disease and Jaundice
following a recent crisis who was given 4 g, of piperazine citrate, Wennen Van Der Mey &
Voorhoeve (1971) noted the variation of recommended dosage given by different avthorities °
and reproduced the following table,

RECOMMENDED MAXTMUM DOSE OF PIPERAZING

Kgan B.H
By British — k. 1
Pharmaceutical Coder (Quoted by authors - Catzal P,

no reference given)

Body welght

kg,

3.5 3 e 1lEg. 1 g.
13,58 T 1lg, 1.4 g,
20,0 T E. 2 E. 1.8 gz.
2%.0 kg 2E. 2 g,
k0.0 b g, g, % E.
ks 0 yog, %oz, 5.2 g,
65.0 4z, 55 - h g, b g,

1Catze1, P, (1963) Paediatric Prescriber, 2nd Fd., Oxford, Blacikwell.

Since the stendardized dose regime of the WHO Expert Committee report referred to
previougly agrees closely with those recommended by Kean and Catzel, 1t appears that the BFC
recommendation is too high for the lower range of hody weights and corresponds at 9.5 kg
body weight to over 00 mg/kg. The maximm dose should be 100 mg/kg. The maximim dose
should be 100 mg/kg and the customery one 75 mg/ke.

1.7.1,f Contraindications

Long-standing renal or liver disease. In view of the case referred to above, 3
history of recent jaundiece or the presence of Jaundice should be added. The safe use of
piperazine in late pregnancy is known, but In common with other drugs it should be avoided
in the first trimester, although in developing countries the diagnosis of pregnancy is
commonly made only after this peried,

1.3,1,7 Ceonelusions

Piparazine has a long history of =afe and effestive usage with minimal side effects
in both ascariasis and entercobiasis, It is suitable Tor both individual and mass
treatment, Without doubt it will continue in widespread use and should be regarded as a
standard anthelmintic in ascariasis and enterobiasis agazinst which candidate drugs can
be evalusted in correctly designed and conducted comparative trials,
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1.53.2 THTIABENDAZOLE
1.%5.2.1 Chemistry

A white erystalline compound, ejl'h1-thiazolyy7-banzimidazole, it is tasteless, has no
staining properties, is nearly insoluble in water and is stable either as a splid or in

solution,

1.3.2.2 Range of activity

Thisbendazole has an extremely broad spectrum of anthelmintic activity In man and
domestic animals. Tn man 1t has activity again=t Strongyvloides stercoralis, Entercblus
vermlieularis, the hookworms and Ascaris lumbricoldes, Tt has been used with definite
evidence of activity in cutaneous larva migrans, acute trichinesis, capillariasis,
dracunculosis and trichostrongylosis. In those not cured it cuppresses egg ouiput, and
has unusual ovicidal and larvicidal properties which may block further development of
eggs or larvae produced by treated hosts. .f

1.3.2.% Pharmacology

After a single oral dose of 1 g. to man, absorption from the gastrointestinal tract is
rapid and peak plasma concentrations are reachad in 1-3 hours. Tt i= metabollzed to the
5 hydroxy form which appears In the urine as glucuronide or sulphate conjugates. Excretion
15 rapid {9%% in 5 days), most being by the urine (B7%) and the remainder in faeces.
Absorption of the drug from skin surfaces or eye can pccur.

There are no pharmacodynamic effects on the cardilovascular or respiratory systems,
Nelther adrenerglc nor ganglion blockage ocours. At high doses there 1s probably a central
affect on the nervous system which may produce vomiting. A diminmution In mental alertness,
or drowsiness may occur during treatment.

1.%.2.4 Mode of action

The precise mechanlsm of action ls unknown. Much interest has centered oun experimental
studies which showed that eggs of Ascaris, Necator, Ancylostoma, Trichurls and Strongyloldes
species were inhibited in their normal development by the presence of thizbendazole. In
patients treated with the drug, there waz an apparent inhibition of hatehing of hookworm egas ‘)
passed, which was thought to confirm sn earlier observation that such eggs showed varying
degreas of dsvelopmental arrest, Experimentally however, the presence of organic meterial
reduced the efficiency of these actions,. Tn man, various mechanisms may remove much of
these effects, ».g. physical dispersien of the drug in faeces may invalidate ovicidal effect;
biological degradation through enzymatic or microbial action may also be a factor; or, mere
probably, the drug may form chelate complexes and become less available for egg penetration.
More work is needed to clarify these points,

1.3.2.5 Clinical use

Again, many trials have besn performed but there are so many limitatlons in desipgn and
econduct that only a breoad review will be given, N
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Salunkhe et al. {1964) in a non-randomized, memi-quantitative fixed dose compariscn
of thiabendazole with other anthelmintics considered the drug a fairly active ascaricide,
They estimated that a single dose of 1.25 g, thiaberdazole was of equivalent efficacy to
50 mg Zantonin. 'This trial was marked by a high incidence of adverse reactions with one
third of patients complalning of vertigo and the majority exhibiting nausea and/or vomlting.

Vakil et al., (1965) in Indiz used a one stool semi-quantitative follow up and
considered the optimum results were obtained at a dose of 25 mg/kg twice dally for two days
{total dose 100 mgfkg) when 58% of ascariasis patlents were cured. Again the incidence
of side effects was high with giddiness, nausea and vemiting prominent.

From Yraq, Salem et al. {1966} evaluated thisbendazole by two smears and two pre-
treatment Stoll egg counts and similar technigques up to zix times in the 28 days after
treatment. Both children and adults with multiple helminthic infections were treated, and
in children a cure rate of 71% for ascariasis was claimed after 25 mg/kg given twice in
one day (total dose 50 mg/kg), Twenty four adults were given one dose of 2 g. after food
and 28 adults were given 1,25 g. twice in one day, as tablets of 250 mg. An overall cure
rate of A6% was estimated for ascariasis and tolerance was good although giddiness was
conmoen .

In & summary of over 100 papers on the use of thiabendazole, by Campbell & Cuckler
(1969) the estimated mean cure rate in ascariasis was 77F after doses of 25 mg/kg twice
daily for 2 gr 3 days, i.e. total deoses of 100-150 mgfkg. It was noted that egg output
was always markedly suppressed even when stools remained positive.

1.3.2.6 Dosage

Tndividual treatment

In ascariasls or in mixed infections the commonly recommended dose is 25 mg/kg twice
daily for 2 days, 1.e., a total dose of 100 mg/kg in 2 days. Maximum single doses should
not exceed 1.5 g, and the total daily dese should not exteed 3 g, A gecond course of
treatment gilven one week later may be given If necessary.

Thiabendazole has in the past been formilated as tablets, wafers or a suspension. ‘The
present formulation is a white suspension containing 500 mg/% ml.

Mass treatment

It is unlikely that thiabendazole will become a drug of choiee for mass trestment of
ageariasis due to the frequency of slde effects, the fact that its cure rate Is less than
that of some alternative drugs, and the necesslity of a 2-day course of trzatment. Iif
used on a large scale, it would be preferable to reduce the daily dose to 25 mE/kE/day and
perhaps extend the course of treatment. This manoeuvre however tends to defeat the
object of a rapidly completed mass treatment campaipn.

1.3.2.7 Adverse reactlions

3i1de effects of thlaberngtazole treatment are of frequent gccurrence, are commonly mild
and {ransient, and may be minimized by giving the drug after meals, At a standard dose of
25 mg;/kg; twice daily for 2 days, frequencies varying from 5% to 0% have been noted. Side
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effects tend to ocour some 3-% hours after ingestlon of the drug and may last 2-8 hours,

Anorexia, nausea anq/ur vomiting, vertigo and drowsiness are not uncommon. Many other
reactions associmted with treatment have been reported but it iz diffieult to judge whether
each, all,or a proportion should correctly be atiributed to drug treatmwent. Vomiting,
drowsiness, lethargy, headache, and gastrointestinal symptoms are probably truly associated.

Excretion of a metabolite which imparts an odour to the urine is noted in some patients
and this may persist for about 28 hours after the completion of treatment.

8ide effects, as might be anticipated, are commoner as dosage inereases.

No significant changes in blood pressure, or monitoring of haematologleal, liver
or renal, function have been obaerved.

In toxicological tests thers was no evidence of teratogenicity in rats and in one
report, no evidence of toxilcity in pregnant humsn females after thiabendazole was Seem,
or in their children in the immediate post-natal peried. No data of mutagenicity or
carcinogenicity testing appear to be avallable.

1.%.2.8  Contraindicatlons

There are Tew contraindications to the use of thilabendazole, It should be replaced
by an alternative praparation in patients whose work requires mental alertness since it
may induce drowsiness, Care should be taken in those with liver or renal disease.

1.3.2.9 Concluslon

Thiabendazole, whilst a useful end efficient drug in mixed infections, is not a drug
of primary oholoe for simple ascarlasis where more efficient alternatives exist. If used
when Asearis i a component of a mixed infection, cure rates in the 50-80% range could be
anticipated with perallel reduction of egg output in those uncured.

1.3.3 TETRAMISOLE/LEVAMISOLE

1.3.3,1  Chemlstry

A synthetic broad spectrum anthelmintie, tetramisole, emerged from a routine drug
soreening programme when the aminothlazole derivative thiazothienol was found to possess
actlvity sgalnst nematodes in chickens. After identification of the mejor active
metabolite, an extensive serles of chemiecally related compounds was gyrthesized and
soreened for anthelmintic propertles. The most promising substance was tetramisole which
i the generic name for the white, crystalline, hydrochloride of racemic 2,3,5,6,-
tetrahydromﬁ—phenyl-1m16azq[§,1-§7thjaznle. Further studies both in vitro and in vive
showed that the anthelmintic activity of racemiec tetramisole was largely due to its
levorotatory s-isomer which was about twice as active against varlous nematodes as the
racemic mixture, arnd several times more active than R-dextro-tetramizale. Levo-
tetramisole, dextro-tetramisele and racemic tetramisole appeared to be of equitoxicity
in lahoratory animals.
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1.3.3.2 FPharmacology
Tetramizole 15 absorbed from the gastrointestinal tract. In dogs, peak blood levels
were reached 30 minutes after a single oral dose of 20 mg/kg, a2nd fell steadily over some
% nours, Excretion of tetramisole and its metabolites is rapid via the urine, faeces
and the respiratory tract., Drug action after a single dose is thus of short durstion.
Tetramlsole is virtually devoid of pharmacodynamic activity.

1.3.3.3 Mode of action

Tetramisole acts by selsetive enzyme inhibition. By inhibition of succlnate-
dehydrogenaze activity in Ascaris musecle, the conversion of fumarate to succinate is
inhibited, Muscular energy preduction decreases markedly, and in vitro, low concentrations
of tetramizole paralyse nematodes within a few minutes of contact. In vivoe, gastro-
Intestinal nematodes are expelled by normal bowel mechanisms, The mammalian carbohydrate
metabolle pathways differ from those in Ascaris infection and in vitro tetramiscle has no
effect on mammalian suceinate-dehydrogenaze. Tts effects appear specific for nematodes.

1.3.3.8  Clinical use

ndoubledly the two most authoritative trials of tetramisole In ascariasis were those
of Thienpont et al. (1969) conducted both in Belglum and Tndonesia, and Lionel et al.
{1969) from Ceylon. Mhienpont et al. established the superiority of the levo-isomer of
tetramizsole over the racemic mixture, and in a serles of elegant comparative trials proved
efficacy in ascariasls and hookworm infections, The drug was ineffective against Trichuris
trichiura and almost ineffective against Enterobius vermicularis.

In Asearis infections, eveluation of L-tetramisole was against = placebo, one fascal
sample Deing taken before treatment and cone after, with egg counting by a flotation method.
411 laboratory examinations were blind and treatment was given under doudble blind conditions.
The value of a placebo treated group was apparent since there were 6% of sures In these
patiants. By attributing such post treatment negatives to drug action,uncontrolled studles
may produce spuriously high "eure" rates, Another Interesting Teature was the occurrence
of 4/73 (5.5%) cases with "falze negative" stools, i.e. negative before plasebo treatment
and positive after, The combinatlon of these two types of response "apparent placebo cure”
and "falge nemativity" is a rough guide %o the sensitivity and precision of the technigue
anployed,

At a single dose of 2.5 mg/kg, L-tetramizole cured 20 of 27 patients (87%), with a
percentage egg reduction of 92% in the pther three. A =ingle dose of & ma/kg cured 100%
of 74 shildren, as did two deses of 3.5 mg/kg in 106 children and a few adults, Side
effects alfter L-tetramiscle were negligible. One patlent vemited ascarids,

In an initial trial to determine the efficacy and safety of levamisole in ascariasis
in childhood, Tlenel et =21. {1969) treated 111 patients with doses ranging from 40 mg
in those under three years of age, to 80 mg in those over 9 years. The effect was
assessed by duplicate direct smear from a post freatment sample and if these were negative,
a brine [lotation examination. THe coriterion of cure was no ascaris ova in any of the
three examination, Techrica) examinations were done tlind. The cure rate was 91%; the
failures were reireated with levamisole one week later and all were cured. ‘Tolerance to the
drug was very good.
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In & second stage trilal, 100 children were randomly allocated to two treatment groups,
one glven levamiszole In the dose range desceribed which varied with age, and the other given
piperazine cltrate syrup, 2 g. for those urder 20 kg and Y4 g. for those over 20 kg. Bach
drug was given as a single dose treatment. Both treatment groups were comparable Iin the
proportions of males, females, and those in different age bandzs. The levamisole-treated
group had & cure rate of 92%, virtually equivalent to that of the piperazine group, 90%.
Teolerance to levamigole was good, no nausea or vomiting being recorded. Tn the
piperazine group vomiting cccurred in 350 (&%) but no other adverse effects were seen.

No effects on serial haemoglobin or liver funotion estimations in randomly selected sub-
samples were geen.

Levamisole was of an efflcacy comparable to plperazine and in this trial it was
better tolerated, Administration to children was easy and cost was comparable to that of
piperazine,

In meny other trials, cure rates ranging from T7% in heavy infections (over 100 eggs
per faecal smear) (Hall et al,, 1970) to 9% (Blagl & Navarette, 1969) or 96% (Castro et al.,
1970) where three stool M.I.F.C. concentrates were examined on the 10th, 11th and 12th days
after treatment have been recorded,

1.%.3.59 Dosage

In individual ot for mass treatment the recommended dose iz 2.5 mgfkg of body waight
as a single dose. Laxatives are unnecessary,

1.%.%.6  Adverse reactions

To date, tolerance to levamisole in all trials hag been very good indeed. Mild and
transient =zide effects have sccurred in about 1% of treated patients, They are non-specific
In nature, e,g. nausea, vomiting, anorexis, =zbdominzl discomfort, headache or dizziness.

Monitoring of hasmatological, renal and hepatie funetion, when performed, has revealed
no abnormalities,.

Acute toxicity testing showed that tetramisole had a wide safety margln between toxie
and therapeutlc doses, Rats, dogs, sheep, cattle and pligs werg treated during pregnancy
but there were no effects on gestatlon nor on the offspring.

1.2.3.7 Contraindications

With the provise against use in early pregnancy or in advanced liver or renal disease,

there are virtually no contraindications to the use of levamisole. The drug should not
be given similtaneously with carbon tetrachloride, tetrachlorethylene or oil of
ehenopodium or certain fat-soluble anaestheties. This possibility 15 remote In moderm
practice.

1.3.3.8  Coneluslon

Levamisole is a very valuable new anthelmintic active orally. As an ascarlelde it 1s
as effective or possibly of slightly greater efficacy than piperazine. Many regard 1t as
the drug of chelece in aacariasizs since very few adverse reactions have been reported, It=
extended use in mass trestment campeigns ageinst ascariasis can be anticlpated with
confidence.
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1.5.%4 FPYRANTEL PAMOATE

An inmnovation among the anthelmintics, pyrantel, a member of a broad class of cyelic
amidines, was synthesized and shown to be effective in eliminating many nematodes in mica,
rats, dogs, horses, sheep, cattle and awine, Pyrantel tartrate became widely used in
veterinary medicine, Pyrantel pamoate was synthesized in order %o provide an anthelmintic
poorly absorbed from the gut and therefore locally active, TIts spectrum includes activity
against Ascaris lunbricoides, Entercbius vermicularis, the hookworms and Trichostrongylus
Spp.

1.3.4,1  Pharmacology

A tasteless, odourless, yellow powder, which does not stain faeces, pyrantel pampate
is trans-l-methyl_agﬁ-(thienyl)_viny§7-1,n,5,6-tetrahydropyrimiaine pamoate.

Active when given by mouth, absorption from the gastrointestinal treect is poor. Some
50-TO% of the ingested dose is excreted in the faeces, and blood levels do not surpass
l/ug/ml. Jome drug is thought to be excreted in both bile and urine but there is 1ittle
dats available cn metabolism.

In & comparison of the pharmacodynamic effects of three anthelmintics, tetramiszole,
pyrantel, methyridine, conducted in small animals and approached from the veterinary view-
point, BEyre (1970) found all three drugs affected several cholinergic mechanisms. Neuro-
miseular transmission was blocked in a Tashion characteristic of non-competitive depelarizing
agents and cholinesterases were also inhibited. These results are in agreement with some
of the toxic effects reported in field trials but there has been no investigation of
cholinesterase inhibition in man,

1.73.5.2  Mode of action

Pyrantel acts through neurormuscular blockade and subseguent immbolization of Ascaris.

Aubry et al, (1970), in comparing some pharmacological features of pyrantel and
piperzzine, noted differences in the response of Ascaris to the two drugs. In whole worm
Aszcaris preparations, pyrantel induced a sharp contraction of the worm with a ecessation of
spontaneous activity, In contrast, piperazine caused a gradual paralysis of the worm over
8 period of several hours unaccompanied by contraction. In electrically stimilated
Ascaris preparations, pyrantel caused an Immediate contraction with a block of response
to tetanic transmural stimulation whieh was persistent and unaltered by washing the
preparation. Piperazine in these preparations caused a gradually developing reduction in
thMe responses to transmural stimilation and no contracture. Fyrentel caused a slowly
developing contracture of sirip preparations of Ascaris and was more than 100 times as active
as acetylcholine. Piperazine induced relaxetion in strip preparations and alseo bloeked
the responses to acetyleholine and pyrantel analopues, In single muscle cells of Ascaris
teoo, the two drugs had markedly different effacts.

While both pyrantel snd plperazine have a high degree of specificity for the Ascaris
neurcmuscular system, they have oppesing mechanisms of aetion. Thus, in theory, neither
drug should be used with the other as their effects may be mutuslly antagonistic.
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1.3.4.3 Cliniecal use

To evaluate the efficacy of pyrantel against Ascaris and hookworm, Heleh & Chen (15970
in Taiwan utilized a combination of & modified Harada-Mori culture teehnlque, Stoll counts
and a brine flotation method for three consecutive days before and after treatment,
Following a single dose of pyrantel pamoate 10 mgfkg, glven as tablets, 54/95 (98%) of
patients with ascariasis were cured, with egg reduction being virtually 100% in the
remaining case. hotivity was also high against Ancylostoma ducdenale (91% cure; n w= 35),
but appeared less against Neecator americanus (71¥ cure; n = 21).  Since the test-tube
Filter paper culture method was used in this trial, the specles dlagnesis can be deemed
rellable. Transitory and mild slde effects were reported in 3/74 treated patients.

Desowitz et al. (1970) compared the effects of pyrantel glven az 2 single dose of
5 mg/lb (3 2.3 Eﬁ?k@) with the same dose given on two and three consecutive days 1in
Intestinal helminthiasis, Two pretreatment direct smears and egg counts were used. One
wesk after trestment a single smear was examined and, if posltive, a count was performed.
If negative, 2 zine sulphate conceniration method was used. At six weeks, the same
examinations were used on those patients followed up, a proportion of those treated. In one
4ri1al in ¢hildren aged 5-12 years, 17 randomly selected children acted as controls,

A high degree of activity agsinst Ascaris was found with all régimes ahd at six weeks
the minimum cure rTate was 904 in sample sizes of 62, 35 and 56 respectively. Mild side
effects, abdominal pain, headache, vomiting, were seen in 31 of 150 treated (20%), 1In
a small sub-sample of 4, serial measurements of 3GOT, serum bilirubin and urine analyses
showed no changes. Tolerance was assessed as good.

Tn a single dose there appsared to be no effect on Trichurls trichiura, Strongyleides
stercoralls or Gilardia lamblila. Effects on Necator were seen after ithe three day course
and on this same régime, Trichuris egg counts were reduced.

Villarejos et al. {1971), in the treatment of 379 patlents given » single dose of
Smg/ Lk (E 2.7 mg?kgi and examined by Stoll and Ritchie pretreatment methods and at 10 and
) days, claimed a cure rate in ascariasis of 96,7, with egg reduction of e ls 8 Activity
sgainst Necator was not considered superior to other alternative drugs and there apprarer
to be no activity against Trichuris. Side effects were minimal and transitory, possibly
necause of the drug's relative insolubility. Therapeutic results appeared similar
whether ohewable tablets or an oral suspension was used. In a sub-sample, examinations
before treatment and at B8 hours, of blood, urine, SGOT, alkaline phosphatase and bleod
urea revealed no adverse effects.

Tn a well deslpgned study Trom Egypt to evaluate the comparative efficacy of plperazing
phosphate and pyrantel pamoate In ascariasis, Bell & Nagsif (1971) used a Stoll technigue
on three days preceding treatment snd on days 1-3 and P-10 after treatment. Laboratory
investigations were done blind. patients were randomly allocated to one of four treatment
groups but all women known %o be pregnant and & small sub-sample In each group were
reallocated to a placebo group. The effects of pyrantel pamoate 2.5, 5.0 or 10.0 mge/ kg
of body welght wers compared with those of piperazine phosphate 3.0 g. or placebo. All
drugs were given as a single dose apd in +ablet form. A pure was defined as negative
Stoll counts over days 1-3 and 8-10 after treatment, and the particular modification of the
technique used was thought to have a lower limit of sensitiviily of 50 eggs per gram of stool.
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All treatment groups had comparable mean egg outputs hefore treatment., Cure rates were,
on day 10 for pyrantel 10 mg/kg, 1008 (n = 32), at 5 mg/kg, 90% (n = 40}, at 2.5 mg/ks,
S0% {n = 30); and for piperazine 718 (o = 41). One patient of the 22 given placebo
(%.5%) became negative spontanecusly during this peried. Percentage egeg reductions in
facces were for pyrantel 10 mg/kg, 99.7% pyrantel 5 mg/kg, 96.7%; pyrantel 2.5 mg/ke,
B8, and piperazine, T1.9%.

Response after pyrantal was rapid. On the day after trestment 20-25% of specimens
were negative and improvement was progressive therealfter up to day 10.

Transient colic occurred in a fTew patients in both pyrantel and piperazine groups but
was of no clinical significance.

serial estimations of serum alkaline phosphatase and SGPT in small sub-samples showed
occaslonal minor abnormalities but ne definite trend.

Thus in this trial pyrantel was highly effective in ascariasis at single doses from
2.5 to 10 ms/kg and gave superlor therapeutie resulis, even at the lowest dose, to standard
single dose piperazine treatment.

Rim & Lim {1972) treated 79 patients ln Korea, both adults and children, with ascariasis,
either alone or as part of a multiple parasitosis, with a single dose of 8.5 - 10,0 mg
pyTantel pamoate per kg of body welght, in an uncontrolled trial., Tollow up by both Stell
type egg counts and Tormalin.sther concentration methods were done on days 4-6 and 15-20

post-treatment. Cure was obtained in 100%, Both adult and immzture Ascaris were
expelled in the first three days after treatment, and by day & only 2/79 stil) had a
posltive stool Tor eges. Fairly extenzive haematological and bLiochemicanl estimations were

performed nefore and after treatment but no drug-associated changes were detected, Side
affects occurved in 17% but were mild and transitory and 4id not reguire treatment. Thus
aff{cacy against Ascaris was 100% and tolerance very good.

®rom Costa Rica, Gamboa et 2l.(1972) conducted an {nitial clinieal study with
standard techniques to determine the range of effectiveness of pyrantel pamoate, At a
single dose of 5 mg per pound of bady weight (c 2.3 mg/kg) the drug was highly active
against Ascaris, moderately active in hookworms and inasctive against Trichuris trichiura.
When do=zzge was increased to R-10 mg/kg, efficacy was not improved but the inecidence of
slde effects Increased. Serial olinical haematological and blochemical menitoring showed
no toxieity aseribable to the drug.

After the demonstration of efficacy, pyrantel pamoate In a single deose of 500 mg
{(equivalent to a median dose of c. 3.3 mg/kg) was given to 311 children infected with
Ascaris aged 7-15 years in a rural school, The results were compared with those obitained
by the treatment of 160 children infected with Ascaris in a mearby rural community with
a single dose of 3 g. of liguid plperazine hexahydrate. Parasitological examinations
ware by Stoll type egg counits and an ether concentration method at 10 and 30 days after
treatment, The overall cure rate for those given pyrantel was 309/311 or 99.1% and for
those glven piperazine 12&f160 (8%}, ‘'Me superior cure Tate for pyrantel was emphasized
wnen the pretreatment egg counts were stratified and related to cure, Transient side
effects oceurred in POF given pyrantel,
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The activity of pyrantel against Ascaris thus appeared to be betiter than piperazine
and as high as any of the other drugs the authers had evaluated.

1.5.40. 4  Dosage

Single doses ranging from 2.5 - 10 mg/ke of body weight have been used. Therapeutic
results tend to improve with inereasing dose, "here is some evidence that aide effacts
rise In frequency with increasing dose too, but are seldom worrying. A standard single
dose of 10 mﬂfkg appears to have been the most widely used. A guspension cen be used for
children while for adults tablets are available.

1.%.4,5  Adverse reactionsz

Generally mild and transitory, headache, dizziness, vomiting, abdominsl pains and
diarrhoea have heen mentloned. Tn ohe trizl there was a definlte Increszse in frequency
as the dose approached 10 ma/kg but this was not general experience. Most authors
considered the drug well tolerated and sultable for large-scale treatment.

No data were available on acute or chronic toxicity studies, mor on terategeniecity,
or similar agpects, It is recommended that the manufacturers he requested to submit
such basic Information to WHO.

1.%.4.6  Contralndications

With the general provises outlined under other drugs, few contraindications appear to
exlst. Experience is as yvet too limited for definite recommendations.

1,747, Conclusions

Pyrantel 1s a highly effective ascaricide after a zingle dose of ¢ 10 mg/ kg body
welght. It also was high asctivity in enterobiasis, in hookworm and trichostrongyliasls.
It is suitable for the treatment of multiple intestinal helminths. Further experience

18 needed in its mass use for ascariasis.

1.2.5 BEPHENIUM HYDROXYMAPHTHOATE

Singe the primary use of bephenium 1s against hookworms, 1t will be deslt with
systematically In that section, Tt 45 not a drug of first choiee for ascariasis but will
undeubtedly reduce the worm burden when hoolkworm and ascaris co-exist. n a well-
cotidueted quantitative evaluation of a wide dose range of bephenium in ascariasis,
Jayewsrdene et al, (1960) in Ceylon found that 1.25 g. of bephenium bzse (equivalent
to 2.5 g. of bephenium hydroxynaphthoate) was the minimum dose with optimum effect. Worms
were expelled in B6® of patients while egg reduction was in excess of 71% in the remainder.
Tolerance was 1imited however and vomiting occurred in 2% 6%,

1.t General conclusions on ascariasis

At least six drugs are avallable for the treaiment of ascarlasis of which four are
highly effective. 1%t 45 rare that such a therapeutlic choice exlsts. Single dose
treatments are afforded by levamisole, pyrantel, mebendazole (see sectlon IV) and plperazine
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which, however, gives optimum results when gilven on two consecutive days. Ievamisole in
particular seems to be well tolerated. Piperazine is a very safe drug, Experlence is

accumilating on the side effects of pyrantel which are probably of slightly higher
frequency than thome after levamisole. Mebendazole is the most recent addition to the
range of ascaricides and further data are needed although early trisls suggest 1t may
uitimately displace the other compounds as the drug of first choice.

Mags treatment with a choiee of these drugs is feasible and extended campaigns of
attempts at chemotherapeutic contrel can be anticipeted with confidence.

Thiabendazole iz not a primary therapeutic choice for ascariasis and rust be given
over two days, Side effects are of more frequent occurrence than with the drugs mentioned.
Bephenium has moderate activity and is useful for mixed Ascaris and hookworm infections.

Although the technical aspects of drug trials in ascariasis are everywhere competently
performed, this {s due to the enormous egg output of the female zszcarid which ensures
that simple methods of evaluation are adequate. The failure to utilize the anti-bias
devices mentioned in the Introduction diminishes the value of many trials since seocurate
estimates of side effects based on placebo-treated groups =re not possible, Since the
time from egg ingestion to sexual maturity and the commencement of egg deposition is some
.10 weeks, exapinations to sssess the efficacy of anthelmintics should he performed
before this time to circurvent any confusion which may be cnused by the occourrenca af Te-
infection immedlately following %reatment, The techniques of examination, which are many,
thould be valldated, should be replicated, should be conducted in a blind fashlion and
should be exactly the same as those used in the pretreatment assessment in order that
quantitative estimates of the intensity of infection and subsequent ege reduction are
a5 accurate as possible,

In the unusual event that reinfection can be positively excluded, final examinatiens
at one year after treatment will reinforce negative findings on esrly post treatment
examinations since the normal life span of the adult worms is less than one year.

Further data on the slde effects of pyrantel and mebendazele and on the curative
effect of the latter are desirable,

1.5 Summary of recommendations

There is 2 great need for the dissemination of information on the conduct of chemso-
Therapeutic trials, While the techniques of parasitological assessment in asecariasisz sre
less eritieal than in other helminthle infections, they should be standardized and agreed
upont.,  Replicated and repeated examinatlons are necessary to provide the most acqurate
estimates . of the potential of = drug.

It may be unrealistic to expect uniformly satisfactory results from any parasitological
technique in the hands of all investigators since conditions and resources vary widely.
It is, however, Ilmportant to lnow what technique will provide the most reliable results.
Wnile in general the variablility of direct smear and dilution counts in faeces agrae
broadly, further comparisons on the day-to-day varlability of each is needed.

The anti-bias devices common to the formal therapeutic trial in other fields - correct
sampling procedures, stratification, rendomized allotment to treatment groups, untreated or
placebo treated controls, comparative groups treated with the current standard drug, double
blind assessments when possible - are Insufficiently utilized. This 1s strange,
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particularly in the fileld of parasitic diseases whers =0 many measurements are obljectlve
courits, ’

A1l sueh trials should be conducted on a quantitative basis.

Piperazine can be regarded as a stendard drag on which & great deal of Informetlon Is
evallable. In large secale trials 1t can be used as a reference compound against which the
effects of other candidate drugs should be compared. These will be expressed as the
proportion cured, the degree of egg reduction, the proportion suffering from side effects
and the intensity of side effects. A series of comparative ratios can be built up and
rankings of chemotherapeutic indlces tabulated,

Further experimental studies are needed to clarify the effects of thlabendazole on
inkibition of development in nematode eggs in the human host. This will almest certainly
be related to blological mechanisms which may limit the amount of drug avallable for contact
with eggs.

Tt 1z recommended that a request be Torwarded to the manufacturers of pyrantel pamoate
for data resulting from acute and subacute toxielty studies.

Comparative trials of the effects in mass treatment of ascarilasis of piperazine,
levamisole, pyrentel snd mebendazole {see Section IV) are needed, In the assessment of
such trials, comparative costs should be included among the data to be evaluated., Clinieal
exparience to date with mebendazele is limlted but will deubtless expand rapldly.

1.6 References - Note:
References may overlsap since one drug may be used for the treatment of different
parasites. References have not always been duplicated under each parasite heading.

Therafore if one does not appear under a sub-heading it is necessary to refer the name
to the other sectilons where 11 will be Tound.
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2, DRUGS FOR ENTEROBIASIS

2.1 Introduction

Many compounds are active apgainst Epteroblus vermicularis. The use of gentian violet
haz now been abandoned. Dithiasanine has been withdrawn from the U3 market. ‘There 1z
1ttt)e Justification Tor the use of oxytetracycline. This review will deal only with the
more recent drugs of proven value, pyrvinium pampate, thiabendazole, pyrantel pamoate and
the older standard drug piperazine., The new drug, mebendazole, will be covered in a
separate zection (IV). Chemotherapy is employed, individually or in groups on a large
scale, often with striking, though temporary, success, Control of enterobiasis 13 usually
frustrated by the parasite’s efficient mode of transmission by fingers, fomites or egg
inhalation from the snvirenment,

2.2 Factors in the 1ife cycle affecting the svalustion of drug efficacy

The time from ingestion of eggs contalning infective larvae to maturity and egg laying
is In the range of 15-43 days. Outside limits for adult worm survival are probably b&-B
weeks (2B-56 days). ‘There iz some evidence that persistence of egg laying following
effective treatment may occur for a short time, After a single dose of pyrvinium, egg
deposltlion continued for 7 days. The egg cutput of a single female may range between
2672-16 888, Dried eggs containing developed larvae may maintain their capacity to hatch

for 2-3 weeks at 17-209%C. Egps isolated from dust in dry conditions die rapidly, but on
exposure to room temperature and a molst atmosphere may remain infective for 2-3 weeks.
Hence the parasite has a series of advantages favouring its survival and transmission. and
human reinfection is very common after treatment,

Other parasitological properties axist. Gravid Temale plnworms migrate from the
gastro-intestinal tract to depozit thelr epgs on the perianal skin, Tn addition to
favouring dispersion of eggs, this unigque feature necessitates the use of a specilal technique
for egg Tecovaery, Gome form of the scotch cellulose adhesive tape method must be employed
and standardization of thils procedurs is difficult. The twoe common technical variants are
the direct application or "swab" of the scotch tape with subzequent microscopy, or the use of
a wax tipped swab which is then subjected to a fat zolvent, centrifugation and subsequent
microscople search for eggs. These examinations should always be performed on rising and
before bathing or bowel movements for optimum results. Since ova are found in the stool
in enly a minority of infections, faecal examinations in enterobissis are unhelpful.

These techniecal factors and parasitologlical variables are responsible for the
difficulties of drug evaluation in enterobia=sis, amd the many different opinlons expressed
on the correct timing and the most suitable number of follow up swab examinatlions required
before "cure” can be claimed with remsonable certitude, Evaluation of efflcacy in this
infection iz based on the all or none phenomenon, i.e, if eggs are present, so is
therapeutic failure; if eggs are totally absent repeatedly, cautious eclalms for cures
are allowable. There 1s considerable variation among different Investigators In the
timing of post-treatment awabbing and the number which should be performed, While the
occurrence of 7 consecutive dally negative swabs immediately after treatment used to
constitute evidence of cure, the reported perzistence of egg laying for 7 dayzs after
effective treatment would mullify this criterion. This point needs to be confirmed and
further observations wade.

A suggested satisfactory eriterion of cure would be the presence of 7 consecutive daily
negative swabs begimming on the Bth post-treatment day. This procedure would give evidence
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of early therapsutic efficacy. A further T consecutive awabe taken 2-3 weeksz alter
treatment would provide avidence of late affissey. Since the upper 1imit of the prepatent
paried iz 4% days, examinations al =ix weaks or later after treatment may not truly

reflect drug efficacy as reinfections, acquired immediately after primary treatment may
glve positive awabs.

Some workers recommend that treatment should be repeated for three cycles at 14 day
intervals for control in attempts to cover all possible parasitological contingencles, and
where reinfection ls common, this is good practice since the available druge are effective
yat well tolerated.

2.5 Individual drugs for use

A summary of pharmacological properties will be given only for drugs not dealt with
elsewhere in the review.

2.7.1  FYRVINIUM PAMOATE

From & serles of cyanine dyes possessing antifilarial activity arose pyrvinium chioride
whilch, though active in animal nematode infestatlons, was not tolerated by humang,
Substitution of the pamoate salt markedly improved acceptability and pyrvinium pamoate is
currently widely used in enteroblasis. Evidence suggests good activity against
Strongyloides stercoralis but further trials are necessary to confirm this and to establish
dosage.

2.3%3.1.1 Pharmacology

Pyrvinium pamoate (6-dimethylamine-2-(2,5-dimethyl-1-phenyl SEapyrryl) vinyl-1-methyl-
gquinelinium pamoate) is a deep red, almost insoluble substance which, when given by mouth,
15 not absorbed from the gastrointestinal tract to any degree. Tt iz available as a
suspension or in tablet form,

2.7.1.2  Mode of action

Cyanine dyes containing the amidinium dye system appear to interfere with helminth
respiratory enzyme systems that play little or no role in mammalian tissues. The
anthelmintic activity of pyrvinium may be assoclated with inhibitien of respliration In
asrobes and interference with the absorption of exogenous glucose in intestinal helminths.

2.3.1.57 Clinicazl use

Since pyrvinium has been in widespread use for some 10 years and 1ts efflcacy iz proven,
this section will tend to lay emphasis on comparative trilals. Many of the early, often
uncontrolled trials, produced cure rates by varying eriteria, of over 90% after single doses.
General clinical experience has confirmed 1ts high efficacy, amd interest now centres
around comparative afficacies of the available drugs. Davis {1965 in a study utilizinog
a Latin Square allpcatlon system, placebo treated controls and double blind assessment,
compared the efficacy of pyrvinium pamoate {2.5 mgfkg single dose), thlabendazele
(25 mg/kgfday for 2 days), end placebo in enterobiasis. Assessment was by waxed swab
examination at 7, 9 and 11 days after treatment. Cure rates were 98% for thiabendazole
snd PO¥ for pyrvinium. A notable feature was the occurrence of =% oures (as defined)
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after placebo,emphaslizing the necessity for the Inelusion of such a group in all trials,
In a later paper, Davis (1966) uzed follow-up examinations at 1%, 16 and 18 days after
treatment and showed that if given In 2 dosas 7 days apart, early cure rates of 9% were
obtained with each drug. At a three-month follow up, reinfection had accurred in about
half of the treated patients,

Mathies (1969) conducted a similar type of comparison of pyrvinium pamoate

(5 mg/kg as a single dose) and thiabendazole suspension (2 doses of 25 mg/kg at a 12 hour
interval). Patients were randomized to treatment groups after being shown to be postitive
for Enterobius vermicularls on pretreatment cellulose tape swab screening. Treatment was
repeated at the same dose 1 week after the primary dose. Follow up was by 7 consecutive
daily cellephane tape swabs taken in the early morning commencing 7 days after the
cempletion of treatment., Only if all swabs were negative was a cure accepted, In this
trial thiabendazole cured 97 and pyrvinium 100% in =ample sizes of 33 and B respectively.

In summarizing the resultz of four other comparative irials of these drugs at a total
dose of thiabendazole of 100 mg/kg and pyrvinium 5 mg/kg, the mean thlabendazole cure rate
was 95.6F (n = 150} and the pyrvinium cure rete was 90.7% (n = 183). Obviocusly these two
drugs are of equal potential and the occurrence and frequency of side effects would be the
limiting factor in a cholce. Whereas thisbendazole has to be given twice, pyrvinium may
stain stools and clothing.

An interesting example of an attempt at chemotherapeutic control of enterohiasis was
reported by Mattsen & Turner (1969). All families in a 600 apartment block having two
or more c¢hildren in which one or more infected members existed {shown by perianal swab
for 7 consecutive days) participated. "Infected families" were placed in one of three
groups. The first group received three doses of pyrvinium pamoate at 5 mg/kg as a
flavoured syrup or as tablets every 14 days. The second group received two doses of
placebo and then a single dose of pyrvinium pamoate in the same dose weight ratic at the
same time Intervals., The third group received three doses of placebo simllarly. A fourth
group of uninfected families was observed as untreated controls, One week after treatment,
7 consecutive daily swabs were performed and this was repeated at Pour months. The averall
results gave a cure rate of T8% after a single dose and 9% after three doses of pyrvinium,
The tablet preparation was less effective than the suspension, Relnfections occourred in
&0k of the Jarger family units and it was not clear whether the home environment or
extrafamilial contact was the source of infection.

2.5.1.% Dosage

The generally recommended, acceptable and efflclent dose 15 5 mg of pyrvinium base per
ke. Some physiclans give a second dose 18 days later to eliminate worms which may have
developed from ingestion of eggs immediately after the first dose. T+ would appear more
logleal to adopt a three dose régime at 15-18 day intervals as mentioned previously. In
mass treatment a single dose can be antlcipated to glve cure rates from 80-95% in varying
aireumstances.

2.3.1.5 Adverse reactions

Pyrvinium pamoate 1s well tolerated by the vast majority of patientz, A very small
proportion may experience nausez, vomliting or eramps. There is =light evidence of
vomiting being more commonly associated with the ligquid form of the drug.
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One disadvantapge iz the post-treatment stool staining which occurs. Ome apparent case
of photosensitization has been recorded.

2.%.1.6  Conclusions

Pyrvinium pamoate iz an accepted, efficient drug in the treatment of enterobiasmis.
Cure rates of 80-95% are ususl. Single dose treatment Is usefu) but the properties of
the parasite in mainteining 1%ts transmiz=ion cycle mey neceszitate repemted treatment.
Tt 1z one of the drugs of cholce for this infection. There are no contraindications to
the use of the drug. Pogt-treatment stool staining Is & dlsadvantage.

2.3.2  THIABENRAZOLE

The properties of this drug have been covered in a systematlc way in section 1.3.2.
This section will refer to trials of activity in entercobiaszis and some comparative trials
have been noted where 1t appeared that thiabendazole wag of egual curative value as
pyrvinium, Mullin & Imperato (1969) used repeated thiabendazole treatment to diminish the
probability of reinfection, and to deal with infections maturing immediately after the
first treatment. Selection of patients to be treated was by three consecutive scotch tape
examinations at weekly intervals. Post-treatment follow up was by weekly scoteh tape
examinations for six weeks. Negative examinations to 28 days were taken as cures.
rositive examinations after 28 days were regarded az relnfections. Three groups of
patients were treated; Group 1, given a single treatment of two doses of 25 mg
thisbendazole per kg. given twice in 24 hours (1.e. total dose 50 mg/kg/24 hours), had a
cure Tate at 42 days of 71.5% (n = 21): Group 2, given two doses of 50 mg/kg/24 hours at
days 1 and 7, had a cure rate at 42 days of 35% (n = 26): Group 3, given two doses as
above but at days 1 and 1%, had a cure rate at 42 days of 83.% (n = TH). Although these
régimes were all reasonably effective, there was a high frequency of slde effects with
srorexia in 65% of treated patients, nausea in 32% and vomiting in 208, Nausea could be
reduced drastically by taking the drug after meals.

Davis (1969) also considered the incidence of adverse reactions was unacceptably high
at 15% of his treated series of 75 where cure (defined as three consecutive post-treatment
swabs) was attained in 96%.

Conclusion

Thiabendazole, given as 25 n@fkg twice in 24 hours after meals, and repeated at the
Tth or 14th day, 1s an effective drug In enterobiasis, The frequency of minor adverse
reactions may deter many from using it as a drug of first cholce in this infection. It

15 a useful alternative to pyrvinium or pyrantel because of the short time of treatment.

2.3.5  FIRANTEL FAMOATE

The systematics of this drug were noted In section 1.3.4. Experience of its use in
enterobiasis is wccumilating. PBumbalo et al. (196%) conducted a small study after
reviewing the results of a preliminary tolerance study conducted by the manufacturers In
10 volunteers, Tn 2dult males, a dose of 3.5 g. in one day was tolerated as well as
2.5 g. per dey for two days. At both doge levels half of the subjJects had diarrhoea, a
few complained of abdominal discomfort and in two & transient rise In 3GOT occurred.
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When 69 children in 2 home for mental petardation were subjected to two consecutive
perianal swabs by a modified Graham tecihmigue, 28 had enterobiasis, All children in the
home were treated with a single dose of pyrantel pamoate at 10 mg/ke as a suspension without
fazting or purging, Pollow up was by 7 consecutive dally swabs and only those consistently
negative were accepted as cures, Of the 28 infected children 27 were cured (96%), Re-
examination by swabbing at B7 and 88 days showed five of the 28 (18%) were reinfected., In
this sample the evaluation of side effects could not be updertaken but a small proportion
had diarrhoea and/or vomiting. Elevated SGOT levels oceurred in 6/69 (9%).

Sanati & Ghadirian (1971} compared the effect of a single dose of 10 mg/kg of a
suspansion of pyrantel pamoate on 120 cases of enterobiasis with 30 untreated positive
contrels, in a children's orphanage in Teheran by scotch tape examinations at 7 and 15 days.
There was no spontaneous "cure” in the controls and 958 of the treated samples were negative,
No side effects were observed,

In b3 cases aged 3-11 years given 2 single dose of 10 mg/kg and followed by scotch tape
swabbing on days 2-10 and 18-20, Rim & Lim {1972) found 36/43 (83%) to be negative throughout
follow up.

Chandra et al, (Pfizer, personal comm.) compared the effect of pyrantel and plperazine
in a single blind randomized trial ageinst E. vermicularis. Rezults were assessed by
perianal cellotape swabs on 7 consecutive post-treatment days (days 8-18), Of 50 children
given a single dose of pyrantel at 10 mg/kg, 93% were regarded as cured while of the 50
children receiving a single dose of piparazine (2 g. for those under 20 kg: 7 g. Tor those
over 20 kg), 7% were cured, Pyrantel produced mild to moderate side effects in P% whereas
piperazine caused mild to severe side effects in 31%.

Coneclusions

Pyrantel pamoate, given as a single dose of 10 mg/kg of body weight is an effective drug
in enterobiasis with cure rates in the range 80-95%. Data on the production of side effects
1s too sparse to allow comparison with other drugs but from experience in the treatment of
ascariasis, many authors have considered it suitable for large-scale use,

2.5.%  PIPERAZINE

Piperazine isg a standard drug for the treatment of enteroblasiz and will remain as one
of the drugs of cholee because of high efficacy end good tolerance., Although single dose
treatment may cure a proportion of patients the usual practice Is to give a2 7 day course
and Brown (1969) tabulated = widely accepted dosage scheme based on body welight, Cure rates
are probably In axcess of 50% but, as with other drugs In this infection, treatment may
need to be Tepsated,

2.4 General] conclusions on enteroblasis

Five highly effective drugs are in use for the treatment of enteroblasis, Single doze
treatment is afforded by pyrvinium pamoste, pyrantel pamcate, or mebendazole. Although
experience with pyrantel and mebendazole 15 limited they appear to be of the sa2me order of
afficacy as pyrvinium. There is 5light evidence that side effectz with pyrantel may be
more frequent than with pyrvinium, The =ystematics of mebendazole are dealt with In
seation TV.
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Thiabendazole is a useful alterpative but side effects are more freguent and it
requires two days of dosage to achleve equipotency. Tts use lie= in those multiple
infeatlons where Enterobius vermicularis iz one of the parasites.

Piperazine remains a standard individual drug but ainee 1t requires a 7 day course for
optimum effect 1ts mass use will be restiricted.

Despite high efficacy, the ease with which the parasite reinfects commonly necessitates
retreatment. Controel of reinfection and enterobiasis by chemotherapy has bheen rather
dizappointing.

There is a need for more stringent criteriaz for drug evaluatlon in enteroblasis, 3ince
the techniques used for egg isolation 4in enterobiasis are difficult to standardize, there
15 a necessity for an agreed standard follow up system after treatment based on the known
variables In the parasite's life eycle in order to introduce valid comparisoens of the
reasults of different Investigators.

The need for repeated post-treatment swabs is clear and accepted by meny investigators.
Results based on 2 or 3 swabs may be therapeutically optimistic. Only If seven consecutive
daily swabs are negative can elimination of the parasite be meaningfully considered. The
point at issue is the correct timing of swabs.

A suggested {and stringent) criterion of cure, based on two observations; (a) egy
laying after the first dose of an effective treatment may continue for 7 cdays) (b} the
range of maturation time from egg ingestion to egg laying 1= 15-43 days; would be
(1) negative swabs for 7 consecutive days commencing on the Rth post-treatment day {eae
output from the originzl treated worm population ended; too early for reinfection
maturation; evidence of early therapeutic effect);
plus {2) negative swabs for 7 consecutlve days commencing on the 16th post -treatment day
{if negative, confirmatory of initlal therapeutie effect: 1f positive an early maturation
of a relnfection scquired immediataly after treatment cannot be excluded):
plus (%) negative swabs for 7 consecutive days commencing on the 32nd post-treatment day
{1f negative, confirmation of cure; 1f positive a late maturing reinfection cannot be
excluded and an estimate of the reinfection rate Iin the treated sample would be obtained).

Trials of drugs using such a standardized system would provide firmer avidence of the
utility of available drugs than 1s available now. Since however this would Involve 21
days of swabbing Iin the first 42 post-treatment days, 1%t would be impracticable for other
than small samples closely supervised,

Tn conducting drug trials, like must be compared with like. Hence the single dose
preparations of pyrvinium pamoste, pyrantel pamoate and mebendazole could be compared for
cure rates, and incldence, type and degree of adverse reactions. Randomization, the
aszessment of the comparability of the recipient samples according to various
gtratifications and the use of placebo treated controls are essential to allow for patural
variability in the infection. Comparison of these preparations with thiabendazole which
18 glven twice daily for 2 days, or piperazine, given once dally for 7 days, 1as on less
valld ground and the best inference from any such comparisons 1= a simple note of the
proportions cured after each drug.

There is a need for further observations on the effect of pyrantel on hepatie Tunctlon.
Experience with this drug is limited,
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2.5 Summary of recommendations

There is a need for more atringent criteria for drug evaluation in entercbiasis,

Efforts should be made to reach agreement on & standard follow up system, Detalls have been
glven in a previousz zection.

The comparative efficacy of pyrvinium, pyrantel and mebendarzole, Including cost,
should be evaluated in well designed trials since all offer an efficient single dose
treatment.

Evaluation of the efficacy of these three compoundes in single dose treatment should be

followed by an evaluation of thelr effects when given twice, and thrice, at 15.18 day
intervals.

Experlence with pyrantel is limited. Rurther studles of its effect on hepatic
funetlon are desirable,
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5. DRUGE FOR TRICHURTASIS

5.1 Intreductlion

The WHO Expert Committee on Soil Transmitted Helminths (WHD techn. Rep. Ser. No. 277)
noted in 1963 that new drugs were needed for both Strongyloides stereoralls and Trichuris
trichlura. Tn the cage of the latter parasite and despite the sdvent of new drugs, the
Committee's comment remains az pertinent today as it was nlne years ago. Trichuris is a
wildespread parasite partieularly in children. Doubts of its pathogenicity, except in the
cagse of heavy infectlonz in the underncurished, and Its fairly insccessible location in the
caecum, have led to less systematic attempts at chemotherapy thsn in the case of those
nematode parasites which are large or visible {Ascaris, Enterobius) or those where evidence
of assooiated pathology is strong (hookworm).

3.2 Pregent state of chemotherapy

The unsatisfactory state of chemotherapy is Indicated by the following list of compounds
which have been used in the treatment of triehuriasis - higuerolatex, the actlve principle of
which 1s a proteolytic enzyme ficin (but activity is retained only briefly and availability
iz restricted to Central and South America); enemata with hexylresorcinel or chymetrypsing
oral hexylresorcinel: tetrachlorethylene and oil of chenopodium where the dose needed may
produce adverse resctions of unacceptable frequency; "enterie sealed” oral emetine, again
too toxlce; glicoblarseol; diphetarsone, and dithiazeanine, now withdrawn.

B.% Drugs currently used In trichuriasis

%,%,1 STILBAZIUM IODIDE

The quaternary pyridine, stilbazium icdide, has been in use for some years agsinst
Trichuris hut results have never been more than moderate and often poor. Treatment over 3
days is necessary, In Japan, Yokogawa et al (1968) evaluated treatment by an AMS III
centrifugation techniaque and 5toll type faeesl egg counts before treatment and 2t 1, &, 3
and 4 weeks after, Only ) of 71 children given the tablet preparation at 10-1% mg/kg for
7 days was cured, and only 1 of 30 children glven the suspension Termulation Iin a like
fashlon. &ide effects were severe in children given the suspension and >5/%0 were unahble to
recelve s third dese, Egg outputs showed & translent reduction but returmed to virtuslly
pretreatment levels at % weeks,

.77 BEPHENIUM HYDROXYNAPHTHOATE

Repeated administration of bephenium is ¥nown to produce reduction of egg outpul and a
amall proporiion of cures.

.50 THTABENDAZOLE

Tniabendazole In the customary 2 day course gilves cure rates ranglng from 5 to 75%. An
increase In dose and duration of tweatment may inerease the cure rate to SO% or tore but a
parallel ilncrease in adverse reactions can be anticlpated,
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3.5.% DICHLORVOS

Impressive therapeutic results have been claimed in the treatment of trichurlasis with
dichlorvos (2,2-dichlorovinyl dimethyl phosphate). PFormulated as a granular-resin
preparation designed to give a slow release of the drug in the gastro-intestinal tract, this
organophosphorus compound has been evaluated both in Costa Rica and Puerto Rico. Pefia-
Chavarris et al {(1969) In a series of 108 hospitalized patients, gave one group a single dose
of & mg/kg but the majority received 12 m&/kg. Evaluation was by 2 Stoll egg counts before
treatment and 2 post treatment Stoll counts between 7-14 apd 25-35 days. In additiom, 2
formalin ether sedimentatlons were performed at these times,

Cure rates in different groups with trichurlasis were 54 and 88%. All uncured cases
mad a high degree of egg reduction in the stools. Although 0% of patients were anaemic
there were virtually no side effects other than mild hesdache. Plasma chelinesterase was
depressed but the red cell cholinesterase fall was only slight.

Cervonl et al {1969) In a large series, used the same resin-formulation in single deoses
up to 12 mgfkg and assessed the results by Beaver's counting technigue, Sub-samples were
given placebo or tetrachlorethylene, Serial stools were examined afier treatmwent for up to
one month and the cure rates in various samples were estimated at 85-94% in trichuriasis.
Again, red cell cholinesterase showed only slight depression and side effects were not
troublesome.

Few data are available on the effect of another organophosphorus compound, metrifenate,
in trichuriasis as evidenced by planned trials.

3.3.9 TFYRANTEL PAMOATE

In 7 reports on the efficacy of pyrantel pamoate in trichuriasls, two considered the
drug ineffective, one claimed a cure rate of 3/00 (5%), which was probably within the
gensitivity 1imitationz of the technigque of assessment used, one claimed a 10% cure rate with
good reduction of ege output, two claimed moderate efficiency snd one claimed a significant
cure rate,

%.3.4  OTHER DRUGS

Pyrvinium has only minimal zetivity against Trichuris as does piperazine, while
levamisole is inactive against this species. Very high cure rates have been claimed for
mebendazole (sae section S) but experience 1s limited. There are conflicting reports on the

value of cowbinations of drugs {sees sectlion IT).

I .4 Conclusions on irichuriasis

There are few satisfactory drugs avallable for the tresiment of trichuriasis but the
outlook appears promising. Dichlorves, in the formulation of 2 slow release resin, has given
results far superior %to any of the older drugs both in Costa Riea and Puerto Rico, and was
non-toxic and acceptable. Tt also has good therapeutic aeﬁivity agrinst Ascarls armd
hookworm. Tt is thought that this preparation {Dichlorman ) is not now currently available
commeraially.




WHO/HEIM/72.1
page

The related compound metrifeomate is known to possess some activity in trichuriasis and
1tz safaty and the freedom from adverse reactions during its use against Schistosoma
haematobium is generally accoepted,

Mebendazole has been credited wilth high activity and, 1f these claims are substantiated,
it may well become the drug of cholce., It too has = wide spectrum of activity (section IV).

The evidence regarding the activity of pyrantel is confused. While there are some data
suggesting some actlvity in trichuriasis, the matter can enly be settled by well-designed
andd evaluated trials,

Treatment by retentlon enemata, although moderately effoectlve, iz sultsble for use In
hospital only.

Other drugs possess activity to varylng degrees, but for many reasons are unlikely to
he used except when only they are available and treatment is conslidered necessary,.

7.5 Summary of recommendations

Since there iz a dearth of drugs for this parasite, 1t is recommended that trials of
mebendarole be stimulated to confirm or refute the very high cure rates clrimed in limited
trials of this compound.

Simllarly. further studies should be conducted on Dichlorves 1T this compound remains
avallable,

During trials of metrifonate against 3. haematobium, opportunity should be taken to
assess its effects at 5, 7.5 and 10.0 mg/ kg for one, two and three doses at fortnightly
intervals on Trichuris Infections where the two co-exist,

The conflicting claims on pyrantel should be clarified. This necessitates repliceted
and repeated stool examirations by a validated and sensitive technique for one month after
treatment since the Lime from egg ingestion to maturity and egg laying {5 some four weeks,
ATter this time, examimations may he complicated by maturation of reinfectlons.

REFFRENCES

Cervoni, W.A., Oliver-Gonzaslez, J., Kaye, 5. & Siombka, M.B. {(19G9) Dlehlerves, as A
single dose Intestinal anthelmintic therapy for man. Amer. J. trop, Med. Hyg. 17, 917

Tefa Chavarr{a, A.,Swartzwelder, J.Q., Villarejlos, V.M., Kaotcher, E. & Argusdas, J.
{1909) Dichlorvas, an effective brosd spectrum anthelmintic, Amer. J. trop. Med., Hyg.,

17, 907

Yokogawa, M., Yoshimura, H., Sane, M., Arakl, XK., Koyama, H., KoJima, 8., Furu 8awa, A.,
IiJima, T., Ito, Y. & Morishita, K. (1968} Mass treatment of human trichurissis with
stilbazium iodlde. Jap. J. Parasit.. 17. 27 (in Japanese, abstract in English)




WHO/HEIM/T2, 1
page 35

b, DRUGS FOR STRONGYLOIDIASIS
5.1 Introduction

Although of cosmopolltan distribution and a common finding in stoel examinations,
Strongyloides stercoralis, under certain circumstances, can cause severe morbidity and
ocoasional mortality. Originally assoclated with Cochin-China diarrhoea, overwhelmingly
serious infections are known to ocour, probably through the potentlal for internal auto-
infection. Ulcerative enteritis followed by death, and a malabsorptlon syndrome have been
dezeribed. Associations with sterold therapy or the use of immno-suppressive drugs are
recognized,

Since eggs are very rarely seen in faecal samples, diagnosis rests upon the demonstration
of the characteristic rhabditiform larvae and special econcentration techniques are necessary.
Hence clinical trials of drugs have never progressed to the reasonably oblactive stage of
evaluation common to those parasitic infections where quantification of egg output is possible.
This situation has much in common with trials in pinwerm infections where drug efficacy is
Judged by the all) or none phenomenon.

The assessment of the action of drugsz in strongyloidiasis depends on 2 gatlsfactory
parasitologleal technigue for demonstration of larvae in the stools. Since all technlgques are
of the "extractlion-scncentration” variety it seems probable that only a semi-guantitative or
graded expression of larval numbers will be useable for analytical purposes.

The three common methods of recovery of larvae are;l) the charcoal eulture technique;
#) the Baerman type extraction method; ™) the Harada-Mori test tube Filter paper method. Bach
af these technigques has been subjected to numerous modifications in individual laboratories.
Whicshever teehnligque 1s used In the post-treatment asszessment of stools, the necessity for
replicate examinations of & single stool sample cannot be overstressed. The Haracda-Mori
method 1s simple and lends 1tself to replicate samples. Details are given in a WHO Expert
Committee report.l Improved modifications are described by Sasa et al., (1965).

b 7 fvailahle drugs

L 2.1 THIABENDAZOLE

The systematics of this drug were discussed In section 1.3.2. It can be regarded as
the drug of first cholee In strongyleldiasis. Side effects, as noted elsewhere, z2re not
infreguent, but its therapeutic efficacy so outweighs thet of other available compounds that
this disadvantage is of lesser importance.

Tarly uncontrolled +rials by Franz et al (1965) suggesting a satisfactory therapsutic
reaponse were followed by many more with different modes of assessment. Campbell & Cuckler
(1969, in a symposium on thisbendazole, reviewed and tabulated 1% trials in strongyleidiasis
and claimed a mean cure rate of 9%%, However, apart from the variety of metheds of evaluation
an doses used, a ¢loser inspection of the table reveals that In only 7 of the 14 trials did
the nuwber trested excecd 20, Thus the estimate of 9AZ cure is probably optimistic and there
is need for a more cautious appralszal. There s however, no doubi of the evidence that
thiabendazole does have good curative efficacy In Strongyloides infection.

1

Wld Hith Org. techn, Rep, Ser,, 1963, No. 255, 27




WHO/HELM/72.1
page 36

An example of the use of thiabendazole as a commmnity control measure In Costa Riea is
given by Kotcher et al. (1969). After two single dose treatments of a village population at a
six weeks ipterval, the prevalence of Strougyloides infection dropped from 19% to 1% and
remained at this low level for some two years, The reductlon of prevalence in hookworm and
ascariasizs was mueh less and there was no effect on Trichuris prevalence. While the metheod
used for the detection of larvae was insensitive, it iz probable that 2 true reduction in
prevalence did cccour.

Dose: The recommended dose is 25 mg/kg twice daily for 2 days, i.e. a total dose of
100 mg;/ ¥g. The drug has also been used in 3-5 day courses with, however, an increase in side
effects,

4 2.2 PYRVINIUM PAMOATE

When used over a longer period than in pinworm infeetions, pyrvinium has activity against
Strongyloides and is an altermetlive to thiabendazole. Brown & Sterman (1950) originelly used
the chloride salt in a dose of S0 mg three times daily for 7 days (a fixed totzl dose of
1.05 g) in a small serles and claimed that BO% had negative stools for "several months" after ‘/
treatment. Wang & Galli (1965) compared the effect of pyrvinium pamoate and Aithiazanine, at
that time an altermative drug, in strongyloidiasis, Twelve patients were given the pamoate at
a dose of 50 mg three %imes daily for those over 36 kg and 50 mg twice daily for those urnder
36 kg, corresponding to 2 - .4 mg/kegfday for 7 days. Mild side effects of nausea and
abdominal pain were encountered. Dithiazanine iodide, at 6-20.R mg/kg was given to 12
patients of whom six exhibited nesusea, vomiting and abdominzl pain, Follow up was at 2, F
and 10 weeks by a madified Baerman incubstion and sedimentation technique. Eleven of 12
patients given pyrvinium pamoate had negative stools compared with three of 12 glven
Aithiazanine.

Dose: HRelatively few reports are avallable on the treatment of strongyloidiasis with
pyrvinium, Investigators have used a {'ixed dose of 30 mg three times daily for 7 days for
adults and appropristely less for children,

4_2.3 OQLDER DRUGS

The use of gentlan viclet or dithiazanine can now be considered extinot.

4,24 MORE RECENT DRUGS m

Tetramisole 15 effective experimentally against Strongyloides papillosus in sheep but
there 15 no information on 1ts effect or that of levamiscle in human strongyleoidiasis.
Similarly, ne data are available on the efficacy of pyrantel pamoate, Mebendazole seems to
he of limited value {ses Section IV),

.5 Conclusions on strongyloidiasis

Thiabendarale has good activity in strongyloidiasis at the recommended dose lavel.
Estimates of cure rates are variable but probably about 75% would be accurate. Side effecis,
dlgcussed elzgawheres, are not infreguent though usually mild, It hes had a 1imited trial In
mass treatment.,

Pyrvinlum is an acceptable alternative for the individual patient.
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4.4 Summary of recommendations

There is a need for careful comparative trials of the different methods of iseolating
Strongyloides larvae from stools and further exploration of attempits to quantify the results.

A comparison of the proportionz cured after thiabendazoie and pyrvinium pamoate is
needaed using standard techniques,

It 15 desirable to obtain further datas on the efficacy of levamisole, pyrantel and
mebendazole in human strongyloldiassis.

Interest of investigators in strongyloidiasi=z should be stimilated since the increasing

use of sterolds and Immmosuppressives and their extension to tropical aresas may be
associated with an inerease in severe strongyleoidiasis.

REFERENCES

Brown, H.W. & Sterman, M.M, (1958) Chemotherapy of strongyleoidiasis with pyrrovinylquinium
{Vanquin), Amer. J. trop. Med., 7, 255-256

Campbell, W.C. & Cuckler, A, (1969) Thiabendazole in the treatment and control of
parasitic infections in man. In: Thiabendazole symposium. Tex. Rep, Blol. Med.,
27. Suppi. 2, 665

Franz, K.H., Schnelder, W.J. & Pohiman, M.H. (1965) Clinieal trials with thisbendazole
agalnst intestinal nematodes infecting humens. Amer. J. trop. Med, Hygz., 14, 383

Kotcher, E., Peha Chavarr{a, A., Arguedas Gamboa, J., Guevara, W, & Villarelos, V.M.
(1969) Community control of intestinal nematodes by thiabendazole trestment.,
In: Thiabendazole symposium, Tex. Rep. Biol. Med., 27, Suppl. 2, 629

Wang, C.C. & Galli, G.A. (1965) Strongyloidiasis treated with pyrvinium pamoate.
J._Amer, med. Ass., 193, 847

WHO (1963) CCTA/WHO African Conference on Ancylostomlasis, Brazzaville, 22-29 Auguat 1961.
Report. W14 Hith Org. techn, Rep. Ser., No, 255




WHO/HELM/72. 1
page 38

5. DRUGS FOR HOOXWORM
5.1 Introduction

Although the hookworm was not discovered until 1838 (Dubini, 1B883), 1t iz clear that
ite parasitic amsocistion with man rust have existed for many hundreds of years. There are
acoounts from Brazil, from Guadeloupe and from Jamaica in the 17th and 18th centuries in
which epidemics were deseribed whose olinical pleture was compatible with, and even highly
suggestive of, hookworm diseasne, While 8t11]1 a comparatively unknown syndrome in Europe,
the outbreak in 1880 during the construction of the 8t, Gotthard tummel, of an epldemic
of anzemia amongst Ttalian workmen, was to signal the begiming of years of intensive study.
Purther apread of the parasite and improved methods of diagnosis were mcon to demenstrate
hookworm infections in nearly all of the countries of continental Burope where 1t was
particularly associated with mining, a major industry, recovering sulphur in Slcily, gold and
sllver in Hungary, lead Iin Spain, tin in Fogland and coal in Germany, Scotland, Belglum and
Frange,

Although the combined effects of treatment, sanitation and legislation in the early
yearz of this century, together with the continuing inerease in social standards have
diminished itz =ignificance in continental Europe to a negligible public health problem,
the hookworm iz st1ll highly prevaleéent in the troples and sub-tropies. Recopnition of this
fact by the International Health Board and, later, by the Rockefeller Foundation led to
campalgns of control - in 1904 in Puerto Rico, in 191% throughout the southern states of
the USA, and later in the Caribbesn islands and parts of continental South America. Yet In
1987, Stoll was able to give his celebrated estimate that approximately 25% of the world's
population were parasitised with hookworm, A further pertinent comment from Stoll in 1962
was that although eradicatlon was freely talked about in the first two decades of the 20th
century, In fact disappointingly 1ittle had been accomplished in the Interlm except perhaps
in the southern USA.  Accepting a 20-25% infection rate and extrapolating prevalence date
in the 1ight of the relentless population increase of recent years, there must currently exist
between 726 million and 907 million cases in the world population of 3,631,797,000 (Mid-
year 1970 estimate, Statistical Office of the UN, June 1971).

Of the parasitic helminths the hookworm demonstrates the highest positivity of
association with morbidity as expressed hy iron deficiency and hypochromic mlerocytic
anaemia and the resultant toll on human health and productivity is incaloulable.

The extent of the problem iz reflected by the literature, Tn the Rockefeller
Poundation bibliography of 1922, there are 5680 references; in the WHO bibliography
covering 1922.1962 (WHD, 1965) there are %213 references, and Iin the decade from 1962 almost
ceTtainly some further thousands of references will have accumulated.

By 1962, over 50 drugs had been tested for activity against the hookworms and since
that time there has besn no ghortage of new camndidates. Henece this review will be
gelective and, once more, lay stress on drugs of proven ablllty, whether old or more recent,
and the newer compourds where evidence of activity is strong. Similarly, although several
species of the family Ancylostomidae may infect man, the term hookworm will apply to infection
with Ancylostoma ducdenale (Dubini, 1843) or Necator americanus (Stiles, 1902) and, where
applicable, to the syndrome of cutaneous larva migrans {creeping eruption) caused by
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Ancylostoma braziliense (De Fardia, 19510), Ancylostoma caninum (Ercolani, 1859) or other
infecting species,

5,2 TPactors in the 1ife cycle affecting the evaluation of drug efficacy

)

The tim= elapsing between zkin invasion by infective larvae and subsequent maturatlion
and egg production is of the order of 4-6 weeks. Henee, methods of evaluatlon of dmg
afficacy based on egg recovery shouvld be applied by repeated and replicated examinations of
stools between 1% and 28 days to avoid the complications of immediate reinfection after
treatment with subsequent maturation and ege passage.

The mean life of adult worms has been variously estimated from months to 20 years but
can he held to be about 2 years.

Estimates of egg production vary but the output is much less in infections due to
Nacator amaricanus than those due to Ancylostoma dupdenale. The output of eggs from a
single female Necator is of the order of 9000 per day (Faust, Russell & Jung, 1970) and of

a2 zingle female Ancylostoma of the order of 10,000-20,000 (Noble & Noble, 1971) or
25,000-30,000 (Faust, Russell & Jung, 1970).

-

The correlation between increazing egg loads per gram of stool and decressing
haemoglobin levels and iren stores 1s accepted, but estimates of egg output levels at which
angemia can be detected vary both with the general prevalence In the area concerned, the
density of the worm lead, the amounts of Iron available in the dlet and the =pecles of
infecting parasite,

5.% Technical factors relating to the evaluation of drug efflcacy

5.3.1 Farasitological techniques

Apart from those statistlecal conzidaratlons pertaining to the correct design of drug
trials which have been noted previpusly in this revliew and which, unfortunately, are all
oo commonly lacking In the literature on anthelmintics for hookworm, several parasitologlcal
factors regulire consideration.

In many chemotherapeutic trials It appears that the teochniques used are not the most
approepriate and have probably been carried over into use from the epidemiological fileld.

There are several different technigues avallable for the diagnosis of hookworm
infections - the direct smear which may or may not be quantitated: some form of salt
flotation: some form of faecel concentration procedure: and faecal culture
(coproculture) for species diagnosis. The particular parasitological technigque or
techniques adopted for any study must vary according to the purposes of the study, and there
is therefore a place for each different technigque, e.g. the need for a crude prevalence
rate, an estimate of density of infection, ete. Tt should here be noted that all
technlques have been subjected to numerous variations In Individual laboratories and the
following commeants are in the nature of generalizations,

One of the most important variables among the many contributing to the teotal explainable
varlance of egg recovery Tigures 1s the sampling unit of stool expressed as a weight.
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The ordinary direct saline smear is an examination of 2-3 mg, of faeces: quantitative
approaches to this examination have been made frequently, notebly by Beaver, but provide no
more than a rough estimete of worm burden because of the inherent insensitivity of the
technigue (WHO, 1967). Another form of direet smear, the cellophane thick smear or Kato
technique, samplez 50-60 mg. of fmeces, is simple to perform, of wide application and gives
better quantitative estimates of egg output and hence worm load.

While brine flotation {with sodium chloride, magnesium sulphate or zine sulphate)
uges 1 g, of faeves and is sensitive for nematode egg recovery, sub-sampling from the
surface is unreliable for quantitative estimates apd tremateds egps shrink: 1¥ 1s
essentially a variant of a concentration method. Lane's direct centrifugal flotation (DOF)
modif'ication gives quantitative estimates but has the disadvantage of requlring speclal
centrifuge buckets,

The various types of formalin-ether or acid-sther %fechniques are all comcentration
metheods and the purpose 1s to recover small numbers of eggs: they are not useful for
quantitative studies,

S3toll's dilution egg counting technique, probably more widely used than any other, uses
4 g. fascas, It depends essentially on the formulation of 2 hemogenous suspension of eges
in the diluent with éxamination of sub-samples representing 5 or 10 mg. of faeces. Tt
haz the advantaze that numerous replicates are possible and thus some stability of the mgan
egg count 1z established. It has the disadvantage that light infections are not detected
23 the technique has a lower limit of sensibility of about 200 eggs per gram of stool., Tt
should not be used for diagnostic work and its utility lies in the epidemiological field
where egg outputs and hence worm loads in different populations can be compared. It is
useful for roughly estimating the degree of reduction of egg output in patients not
parasitologically cured after treatment.

Techniques of coproculture are rightly assuming much greater significance in both
epldemiological and clinlcal studies of hookworm and other nematodes, since they possess
sensitivity unequalled by any egg recovery method and, moreover, are specles specific.
Although laboratory culture methods for recovery of hookworm larvae from femecal samples or
s0il have long heen known to parasitoleglsts, it was not until Harada and Morti (1951)
introduced the concept of filter paper culture in test tubes that their utility begame
widely appreclated. Improvements in the original technigue such az the adoption of
polyethylene tubes for gulture (Sasas et el., 1965) and the use of the ancyloscope or the
stereomicroscope have made this methed indispensable for the study of hookworm.

It has become increasingly obvious that the responzes of A. duodenale and N. emericanus
to drugs may be different. Trials which purport to demonstrate the effect of a drug
against "hookworm" should now be suspect and 1t has become necessary to document, for both
selentific accuracy and practical utidlity, the effectz of a drug on A. dusdenale or
N. americanus or on both species. This can only be done by twoe methods:

(1) through the use of faecal culture techniques
(2} by whole worm recovery after anthelmintics.

Both of these metheds can be quantitated and beth are specles diagnostic. More studies
are necegsary on the quantitation of coproculture; it is for example known that inereased
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larval recovery follows the use of a 500 mg, faescal sample than that of a2 100 mg. sample
{Sasa et al., 1965), and hence the optimal sample size 1s, as yet, not clear. The mator
disadvantages of coproculture are the necessity for an incubator (not always essential

in warm countries), and the walting period (outside limits 8-16 days, dependent on
temperature), before the apecles dlagnosis is made. Yet in chesotherapeutic studies the
sensitivity and specificity of the technique outweighs the disadvantages and coproculture
should be considered essential for rational studies of the effects of drugs in "hookworm”,
Further sztudies are required on the mirmtiae of the technigque in order to produce a
standardized format. Tn particular, the relationaship of the size of stoel sample to
larval recovery, the relationship of different temperatures and holding times to larval
recovery, and larval guantitation require priority.

Worm recovery after anthelmintic treatment has been given only passing mention but this
does not deny its paramount importance. Rarely applicable in the field, (although see
Parahmandian et al., 1972; Ghadirian & Sanati, 1972 for outstanding exceptions te this
generalization), its use should be mandatory in hospital-based clinical trials (see Rowland,
1966 for possibly the best trial performed on anthelmintics in "hookworm").

In summary, there remains a place for the variety of techniques mentioned according to
the needs of a2 particular study, Since evaluation of chemotherapeutic efficacy requlres
detailed study, the following recommendatlions ate made:

(1} Correctly desipned trials are essential. The prineiples have been outlined
in the WHO Technical Report Series No. 403, 1968 (Principles for the clinieal evaluation
of drugs).

(2) Parasitologleal techniques should be validated before use, both in terms relative
to other techniques and in absolute terms of sensitiviiy and specificity as far as possible.

{%) TRepeated observations of exceretal samples are necessary and replicates are
eszentlial,

{5} Fstimates of drug efficacy against A. duodenale and N, americanus should be
hased on worm counts and identification after anthelminties. To obviate the coblection
that it is impossible to lmow the exset worm load carried by a patient, it 1s necessary
(2} to continue stool collection until no further worms are expelled, or (b) to repeat
treatment and contirue stool collection until no further worms are expellsd, or (ec) to use
another known effective drug after the primary drug to expel residual worms, and te
continue stool collections until no further worms are collected (e.g. see Rowlard, 1966Y.

If different dose régimes or different drugs are beling compared it is also necessary
to stratify the pretreatment sample In terms of egg output, age and sex, after which cases
are randomizZed to treatment or dose groups from within these strata teo ensure
comparabllity of groups and to increase precislon of estimates., Placebo-treated or
untreated control sub-samples are essential to allow for natural variation in the course
of infestion in the whole population sample and double blind technlques of drug
administration should be used where personnel are avallable.

(5} While stress has been laid on worm counts and species identificatlon as a
measure, absolute or relative, of drug efficacy, there are several other technlgues which
should be used additionally.
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{2) In the pretresatment screening procedures it will be necessary to undertake some
Torm of direct microscepy of fasces for the following ywasons:

(1) to identify multiple helminthic infections;

{11} to measure a sample of "hookwort” eggs to ensure they are not thome of
Pernidens deminutus or Trichostrongylus specias where the response to antihookworm drugs
may differ from A, dundenzle or N. americanus. In Fhodexia, confuslion hazs arisen because
of the fairly high prevalence of T, deminutus but the frequency distributions of the
volumes of these egg= and those of the hookworms iz sufficiently distinet that there is
a high probability of correct zpecles dlagnosis 1f the_ length and breadth of egg is
measured and the volume calculated as length x breadth . Goldsmid {1968) has graphed the
frequency distribution of the respective volumes in a useful visual guide.

The choice of microscople technlque is = matter for an individual laborateory but the
Kato method has the virtues of simplicity (particularly the most recent medification in
the clearing agent which, if confirmed,will markedly reduce the time of examination)}
{Borda % Pellegrino, 1971), reasonable sensitivity {sampling unit of =stool weight =
50-60 mg), reproducibility and moderate cost.

(111}  to undertake pretreatment egg counts for the purpese of stratification of
egg coumt data into "light", "moderate" and "severe" infections. If subsequent
randomization from these preliminary strata is performed, the precision and accuracy of
comparisons of drug effects will be enhanced.

(b} TIn addition to direct micrescopy, fascal culture should be performed In the
preliminary sereening phase of patient selection to further stratify the experimental
sample into pure A. ducdenale infections, pure N. americanus infections or mixed.
Quantitation of coproculture should be attempted and in this way better correlations of
pretreatment egg count data, pretreatment larval count data and post treatment worm counts
will result. Purthermore, this technique is easential to appreclate differential drug
effects on the two specles and has the extra advantage of a sensitivity and specificlty
superior to that of any technique of egg recovery.

When it is realized that these mlcroscople and culture technlgques should be
performed on multiple occasions and in replicates before treatment, and similarly in the
post treatment follow up after werm coumts, it will be appreciated that few centres are In
a pomsition to perform detailed drug trials. This becomes apparent in the literature.

The number of repeated examinations in the pretreatment phase is usually limited by
practical considerations. The aim is to give a stability in a pretreatment numerical
estimate of eggs per gram or larvae per gram of stool which may be uncertain if based
solely on & single exgmination.

Thus both repeated examinations on daily exeretal samples and repllcated examinatlons
on each individual sample are a necessary safeguard, ‘Two separate pretreatment samples
are 2 minimam, four are better. Four replicates of each sample can be achleved In
practice wlithout difficulty,. The purpose of these measures 1s to reduce measurement
errors to an acceptable minimum and achieve a precision lacking in single measurements.
This 15 essential =since nothing can be done to reduce the Intrinsic biological
variablility of the material under study.

The statistical Justification of repeated and replicated measurements lles In the fact
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that the standard erpor of the arithmetic mean (which is the usual variable used for
computations) of obaervations is reduced by a factor of from the standard deviation of
the ariginal measurements, Hence the greater the number of observations, the lesser the
degree of imprecision attached to the mean and its standard error, and there ls a narrowing
of the width of the 95% confidence limit of the mesn, 1.e. that range within whlch the

true mean lies with 95% probability. Other useful computations to be made from repeated
and Teplicated measurements are checks of coefficients of variation and techniques to
estimate the dispersion of multiple observers' counts around the estimated total sample
mear.

5.3.2 Follow up observations after treatment

Immediate follow up after treatment by worm counts will provide the most effective
measure of drug efficacy. Further follow up examinations by repeated and replicated
examinations over three consecutive days (conventionally acceptable as the optimum time
period compatible with patient tolerance) should be performed at elther 14-16 days, or
2830 days, or both, if attainable, in endemic areas, Where reinfection risk is not a
problem, further similar follow ups can be conducted,

The techniques used should be those performed in the pretreatment phase, l.e.
microscopy and egg counts to give a rough estimate of egg output reduction in the
therapeutic failures, and coproculture with quantitation to act as a more sensitive
indicator than egg counts of drug effect, and to detect any differentlal specles effect
of a chemotherapeutic agent. The necessary safeguards of repeated and replicated
measurements should be ohserved,

Should these ocombinations of technigques be thought exceszslve, the Justification lies
in the fact that few If any drugs are 100% curative and hence the most accurate prediction
of the potential of a drug to remove an unknown proportion of the wmimeown total worm
burden with subssquent reduction of egz output is needed. Furthermore, in mass treatment
the aim may be to reduce a population egg output to diminish environmental seeding and
radical cure may be a secondary consideration,

It is of some interest that these concepts were recognized from the beginnings of
chamotherapy of hookworm disease. Professor Perroncito held the Chalr of Pathelogy
in the Veterinary School at the University of Turin in the late 19th century and was
predominant in relating anaemis to hookworm infection. Tn his original trial of an
extract of male fern which had reduced the number of hookworms in two patients, he pointed
out the futility of expecting one or two deses of this drug to remove all hookworms f{rom
the intestine, His predletions have been borne out with many other drugs in the
sucneeding years.

In Tegard to mass treatment it has been clearly stated (Rockefeller Foundation
Bibliography, 1222) that the concept was not the absolute cure of every infected person
in the commmnity but the rapid removal of the largest possible number of worms from the
largest possible number of persons thus lowering the severity of the infection.

T™is seation has dealt exelusively with parasitologleal techniques in drug
svaluation. Tn hookworm infection the high correlation between worm burden and anaemia
renders haematological investigation of the individual or the population Inseparable from
the parasitological investigations and the two dlagnestic phases are complementary.
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A.%4  Drups avallable for the treatment of hoolororm

5.4.1 0Older compounds

Thymol and carbon tetrachloride san he conaidered to be of historical interest only.
0il of chencpodium, the addition of which to tetrachlorsthylene was due to itz ascarieidal
properties 1z no longer uszed alone. Hexylresoreinal, & phenel derivative, has moderate
efficacy in hoolkworm but was always difficult to use, partiewlarly in children, because
of 1lts topical irritant properties and 1ts employment has diminished markedly. The

remaining popular drug among the older compounds 18 tetrachlorethylene, first Introduced
in 1925,

5.4.1.1 TETRACHLORETHYLENE

Chemistry

Tetrachlorethylens (Tetrachloroethylene; Perchloroethylene), an unsaturated halogenated
hydroecarbon, s 2 ¢lear, colourless velatile liguid with a characteristic ethereal odour.
It is non-inflammable, is decomposed slowly by light apd by various metals in the presence
of moisture and forms phosgene on exposure to air, Although it has a central actiom
similar to that of chloroform, its usage in anzesthesia ls impracticable becsuse of 1tz
high boiling point and =low vaporization. Tetrachlorethylene is nearly insoluble in water
but its solubility 1s increased by aleohel and 1iplds in the gastre-intestinal tract.

Pharmacology

In the abgence of alcohnl or lipids, and in the normal gastro-intestinsl tract,
absorptlon is minimal. However, even the small amount absorbed may result in a vardety of
symptoms, Abzorbed drug is execreted in expired alr.

Mode of action

The mode of action 15 not precisely established. 3Since adult worms recovered from
post treatment stools are mobile, the assumption has been that the affected worms underge
a paralysis with a release of their attachment. to the intestinal mucosa and thelr
subsequent evacuatlion before recovery ensues. Purgation is not necessary for worm
evacuation and hence the mechanism of action may be other than the assumed reversible
paralysis, It iz ¥nown that in granular fractions prepared from nematodes, the drug
releases lyosomal enzymes, 8ince the gut of nematodes 1s =peclalized for lyosomal
intracellular digestion of nutrients, 1t is possible that an interference with thls process
by tetrachlorethylene may explain its action.

The drug is thought to be more effective against N. americanus than against
A. ducdenale and, in the samwe dozage employed in hookworm infectlons, 1z effective againgt
the trematodes Heterophyes heterophyes, Metagonimus yokogawal, Fasciolopsis buski,
Gastrodiscoides hominlia and Eehinostoma species.

Clinical uze

Tntroduced in 1925, tetrachlorethylene still retains a commanding place Iin the
treatment of hookworm infections because it 1= cheap, well tolerated and easlly adminlstered.
Originelly, and for many years given with purgatives, it was not until 1958 that a
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significant change in the method of usage ocourred, nearly 30 vears after its Introduction !

Carr et al, {1953} from the Dominican Republic, in 2 series of clinieal investigations
involving 395,000 patients showed that omission of a saline purge increased the
effectiveness of the drug, shortened the time and cost of treatment, lowersed toxicity, and
fagilitated mazs drug treatment. 'They demonstrated that patients with severe apaemia
could be treated with full doses of tetrachlorethylene if purgation was not employed. Doses
of 0.1 - 0.12 mlfkg to a maximum single total dose of 45 ml were very effective and were
empleoyed in mass treatment, Single doses of 4 or 5 wl were more effective than 3 mi.
end 2 or 3 doses at % day Intervals were needed %o completely remove all worms. Prior to
this time the usua) recommended maximum adult dose was 3.0 ml with proportionately less for
children. :

Evaluation of the effect of different doses was by post trestment worm counts follawed
by salt flotation examination of faeces until they were negative for hookworm eggs. This
classical study, based on worm counts, is In itself a sufficient indictment of the countless
forerunning trials of tetrachlorethylene efficacy which were, in the majority, based on egg
racovery criteria.

Pinto et =21. (1956) in a less stringent evaluation based on flotation egg recovery some
days after treatment, gave tetrachlorethylene every 4 days in 2 similar dosage until stools
were free of eggs and assumed thus that patients were completely worm free. In 165 patients
In Portuguese Guinea, tolerance was very good. The number of treatments needed for complate
cure varied with the number of eggs per gram of stool. After one treatment 5% were "cured";
after two treatments 32%; after three treatments 16%; after four treatments 12.5%,

The remaining 4.5% needed five, six or seven treatments., When ferrous sulphate was glven
daily, the lower the initia) haemoglobin and hence the greater the worm load, the more rapid
was its regeneration.

Since then,general ¢linical opinion has held that tetrachlorethylene is more effective
against N. americanus (70-80% cure rate with single doses)than A. duodenale {25608 cure rate
after single doses), and repeated treatments at four day intervels are necessary for complete
worm alearance, Yet alterations In methoeds of usage of tetrachlorethylene sti1ll appear
and daily dosage is now advocated by some and 1its use combined with bephenium hydroxy-
naphthoate by others.

The estimates of efficiency glven above were largely based on egg
recovery criteria, but Rowland (1966) using worm counts estimated thet three daily doses of
4 ml of tetrachlorethylene removed only 56% of mainly N. americamus. This type aof estimate
reflects on the insensitivity of the previous criteria of evaluation. The comparative
efficasy of tetrachlorethylene and bephenium hydroxynaphthoate will be dealt with in section
5.4.2.1,

Cliniecal use in sick children

Por many years physiclans were extremely cautious in gilving tetrachlorethylene to young
children with severe hookworm anaemia as 1t was held that ceollapse might oscur 1f fluid
balance and haematological status were not corrected first. Whether such events were due
to tetrachlorethylene or due to the associated purging in a2 small severely anaemic and
dehydrated child was a moot point since drug and purgation were used together,
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The demonstretion by Carr et al. (1952) that sueh patients could be treated safely by
the omizsion of the purge relaxed the rigid customs of tetrachlorethylene treatment and
subsequent schedules have been more permissive in thelr attitvedes., The pendulum must not
swing excessively however, and there remains a great necessity to undertake preliminary
resuscitative and supportive measures before specific anthelminthie treatment In young
severely anaemic dehydrated Infants,

Khan {1966}, in a retrospective study from Uganda of the treatment of severe hoolworm
anasmia, used tetrachlorethylene at 0.1 cq/kg with a maximum dose of 5 ce, repeated on two
further occasions on alternate days after preliminary digitalizatlon and transfuslon. The
average hospital stay was 6.5 - 7.8 days and there were four deaths, not necessarlily drug
assoeiated since they ocacurred in very severely 11l c¢hildren In the 179 patients reviewed.

Tn a further prospective study with detailed clinical, biochemical and haematologlcal
monitoring of 27 children, Khan {1966) noted that these hookworm infected children hed a
mean haemoglobin of 2.76 gf and 7/27 had a haemoglobin less than 1.5 gf. After supportive
therapy and transfusion, tetrachlorethylene was used at 0.1 ml/kg and a maximum single dose
of 5 ml repeated on two further occasions on alternate days, Intramuscular iren was glven
and, in a follow up of 18 at three weeks, six were still excreting hookworm eggs. No .J
gastro-intestinal preparations were undertaken and purges were not used, OQceasional nausea
and vomiting resulted from drug administration but the clinical jJudgement was that tolerance
was very good. Three deaths, 2ll in children with acute kwashioker and other infections,
occurred .

Observing that the cost ratio of tetrachlorethylene to bephenium hydroxynaphthoate
in Fast Africa was of the order of 100:1, the author made a plea for extended use of
tetrachlorethylene 1n mass treatment, on grounds of cost and efficacy, In attempting to
forestall these traglc sequelae of severe hookworm disease.

These interesting studies highlight some of the clinieal problems encountered in
severe hookworm diseaze and the practical agpects of management.

Dose and administration

Used alone, an accepted dose is 0.1 - 0.12 ml/kg with a maximum adult single dose of
5 ml, In children 0.1 ml/kg with a maximum single dose of 4 ml iz satisfactory. Ideally,
aloohol and fats should be avoided for 28 hours before and after treatment, but this is
impossible to enforce outslde hospital. A 1ight meal the night before and water only on ‘;
the morning of treatmwent 1= usual practice.

Purgatives may incresse the severlity of side effectis and should not be used.

Tn hospital, bed rest for four hours after drug treatment should ba enforced and
avoldance of excessive activity for the same time advised in out-petients or in mass treaiment.
When ascariasls co-exists speclal precautions are necessary and are dealt with In the
sectlon on contraindications. .

Drug treatment may be repeated after four days, or on alternate days. In otherwlee
healthy patients, three consecutlve daily treatments are often tolerated,
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Tetrachlorethylene 13 availabhle in llguild form whiech should be stored in dark bottles
in a2 cool environment or as soft geatln capsules of 0.2, 1.0 and 5.0 ml, Broken capsules
should never be used, In the USA 1t is usually available only as a veterinary preparation
which 1z safe for use in man although certain states forbld this formulation.

Adverse reactlons

Althouph relatively non toxisc, mild side effecits, particularly gastro-intestinal,
are not infrequent. A burning sensation in the chest or epigastrium, cramping abdominal
palins, nausea or vomiting may occur.

Headaoche, vertige or a sensation of drowsiness resembling alcoholie intoxicatlon have
Deen reported. Translent syncope, possibly from hypotensive episodes iz very infrequent.
Side effects are potentiated by alcohol, by lipids and by purgatives all of which should be
forbidden during the time of treatment.

In debilitated or young severely 111 children, death has occurred in association
with treatment but the casual link iz not clear sinece in these patients numercus pathological
conditions are usually present and the influence of deranged fluild and electrolyte balance
or profound anaemia cannot be ignored.

Contralndicatlions and cautions

Tetrachlorethylene has the disadvantage that 1t may stimlate ascarids if it 1s used
for the treatment of co-existent ascariasis and hookworm. Therefore, In mixed infections,
ascariasis should be treated first hefore tetrachlorethylene 1s given 1f 1t 1s to be used.
Alternatively, a drug active against both ascarilasis and hookworm can be employed, e.g.
pvrantel pamoate, mebendazole, bephenium hydroxynaphoate, or thiabendazole.

Caution in its use In young severely 111 children is advisable and preliminary
supportive and resuscitative therspy ls necessary.

In adulis with severe anaemia, correction of fluid balance and deranged haematologlcal
state 15 essential hefore treatment.

Several miscellaneous contralndicatlons exist - Inflammatory conditions of the gastro-
Intestinal tract; ulecerative states of the gastro-intestinal tract not due to hookworm;
alcoholism; overt liver disease: severe constlipation; concurrent heavy metal therapy.
Caution in its use in pregnancy is usually advised emlthough the grounds on which this advice
15 based are tenuous.

Conelusion

Tetrachlorethylene has malntained its place In the treatment, both Individual and mass,
of hookworm infections for nearly 50 years, On grounds of cost, ease of administration and
tolerance, its continuing use can be foreseen, Treatment of N. americanus infections is
the prime indication since there are altermetive and more efficient drugs svallable for
A. dundenale, One treatment is rarely curative and to achieve eradication of worms,
repsated therapy at short intervals of 2-3 days is necessary.
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5.4.2 Newer drugs

5,%,2.,1 BEPHENTUM HYDROXYNAPHTHOATE

Chemistry

A quaternary ammonium compound, penzyldimethyl -2-phenoxyethyl -ammonium
hydroxynaphthoate 1s a pale yellow, bitter tasting, crystalline substance with an aqueous
solubility of about 0.02%,

Pharmacology and toxicology

In man it 18 poorly abzorbed alter oral dosage. Less than 0.5% of sn oral dose of
1 g. of base was recoversd in the urine in 24 hours.

The oral ID_, in mice is 2 g/kg. Doses of 100 mg/kg given orally over 8-10 days
to pregnant rabbifl induced some maternal mortality. At larger doses,250 and 500 mg/ke,
there was embryotoxicity. Monkey= given 300 mafkg bephenium base as hydromynaphthoate
daily for three months showed no organic damage or histological abnormality.

The customary dose in man is 5.0 g. of the pamoate salt equivalent to 2.5 g. bephenium
base. Even if given for three days, the total equlvalent dose-weight ratio for a 50 kg
adult is 150 mg/kg and 300 mg/kg for a 25 kg. child,

The water-soluble chloride salt, If given intramuscularly to dogs and cats, has some
ganglion blocking effect and can lead Lo & brief fall in bloed pressure.

Tn map there are no abnormal effects on hepatic or renal functlon.

Mode of aection

ThHe mode of action is not established. Bephenium appears to be more actlve against
helminths developing in the mucosa then against free living luminal forms. Ascarids are
1nitially exeited following which paralysis oceurs asseclated with logs of museular
reactivity to acetylcholine. 'The drug is active against A. duodenale and N, americanus.
Tt has effectiveness against A, lumbricoides and Trichostrongyius species,

Clinical use

Desplte some years of use, many of the eriticisms of drug evaluation noted in the
section on tetrachlorethylene are applicable to bephenium, There 1= no doubt of 1ts
efficacy but precilse estimates of the degree are lacking.

Early trials were conducted with many different techniques of evaluation. Goodwin,
Jayewardene & Standen (1958) used different salts and varying deses in Ceylon. After a
pretreatment Stoll count, post treatment evaluation was by a single direct smear, If this
was positive, duplicate Stoll counts were performed. If negative,an MIFC concentration
test was done. Tn some cases post treatment identification of specles was urertaken 1in
stools. A1l species Iin these trials were N. americanus,
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In preliminary trials in hospital where patients were pretreated with plperazine,
bephenium base gave a mean egg reduction of 64% {n = 29) as against a reduction of 70% after
1.8 - 2,4 ml of tetrachlorethylene (n = 11}, When bephenium base was given at a dose of 2 g.
three times a day to 27 patients, the mean egg reduction was 79%. Tn 18 ehildren given 2 g.
base daily for four days, the mean egg reduction was 75% and 3/18 were "cured",

Tn a subsequent fleld trial in 132 patients divided into sub.samples ranging from
15-%2 the best results were obtained In the groups miven 1 g. base daily for 4-5 days
(11/1S had egg count reduction of 75-100%; n = 15) or 3 g. base plus piperazine (20/32
had egg count reduction of 75-100%; n = 52).

It was concluded that a single dose of bephenium hydroxynaphthoate was of equivalent
efficacy to 1.8 - 2.4 ml. tetrachlorethylene, the doses normally used for adults in Ceylon
at that time,

A later paper, Goodwin, Jayewardene & Standen (1959) demonstrated that bephenium
hydroxynaphthoate given daily for ¥-7 days was sultable and effective for the treatment of
severe hookworm disease wlth diarrhoea, vomiting, dehydration sand anzemis in children
considered unsuitable for tetrachlorethylene treatment.

Young et al., {1960) in a non-randomized scomparative study of the treatment of
N. americanus evaluated by flotation and Stoll count techniques, in both white and negro
American children, considered that bephenium was superior to three or four ml, of
tetrachlorethylene and noted that 1t wes effective against ascarlasis. The design and
methods of evaluation of this study can however be eriticized.

Jung & MeCroan {1960) performed a similar type of trial In white rural schoolehildren
in Qeorgia, U3A, Allocation to treatment was non random, doses were given by parents at
home, and side effects were documented in a guestionneire survey of symptoms zarried out
a week after treatment. Pretreatment faecal sereening was by brine flotation and 1f this
was pozitive egrs were counted by direct smear, The same examinations were performed on
1 - 5 post treatment stools over three weeks,

Comparizons were made on different dose schedules and an untreated control group of
39 was included where there was an apparent 25.6% clearance rate and egg reduction of 50%
thus emphasizing, once more, the necessity of plaeebo-treated or untreated controls in trials
of drug efficacy. Tt was concluded that tetrachlorethylene at 2 dose of 0.06 ml/1b. with a
maximim dose of 5.0 ml gave an 81% clearance rate with 998 egg reduction {n = Q) while the
highest dose of bephenium (2.5 g. base three times in one day) gave a 20% clearance rate with
9% egg reductiom. No purgatives werse used with either drug. Z1de effects were recorded
in 2% of 95 ehildren given bephenium and 1M of 8D given tetrachlorethylene, Thus
tetrachlorethylene appeared to be more efficient and better tolerated than bephenium,
Ipacies ldentification was not undertaken.

Thus two studles, using not grossly dissimilar techniques of evaluation and the same
two drugs, came to diametrically opposite conclusions., The moral is that evaluation of
drugs based on poorly designed studies using insensitive techniques often merely lead to
further, more discriminating and preclse trials as Indicated by the following two examples.

Hutton & Somers (1961) in Uganda, compared the effects of a single dose of 2.5 g. of
bephetilum base with that of a single dose of 5 ml. tetrachlorethylens given in liquid form
on cane sugar in consecutive patients admlitted te the trlal with agresd eriteria of severe
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iron deficiency anzemia and cecult blood and hookworm ova In the stools,

Allocation to treatment groups was non randem in that alternate patients were placed
in the two treatment groups. Naeither faszting nor aperients were used, After one
treatment with sach drug, 2% hour stool collections were made for 72 hours and worm counts
tabulated daily. The spacles was predominantly N. americanus. On the fourth day, each
treatment group of 13 patients waz given 5 ml. of tetrachlorethylene and worm counts were
made for another 72 hours in three 23 hour stool collestions.

The results are tabulated bhelow:

Primary treatment 024 24 .48 Y372 Total
ftool collectlon hours hours hours ~ok2s
Worm counts after bephenium a1 A2 55 218
hydroxynaphthoate

(m 2.5 g. base)

Worm counts after 17 58 7 206 .’V
tetrachlarethylene 5 ml.

After a further 5 ml

tetrachleorethylene on day k

Bephenium + TCE A 53 8 137
2 doses TCE 16 12 5 35

The authors arpgued that 1t appeared that a single dose of 2.5 g. of hephenlum base
was az effective as a single dose of 5.0 ml of tetrachlorethylene when jJudged by the nurber
of worms passed after the first treatment. They also noted that when judged by the residual
worm load expelled hy the second treatment with tetrachlorethylene, the proportien of worms
expelled after primary treatment with bephenium 137/355 (39%) was considerably greater than
the proportion of the total expelled after primary tetrachlorethylene treatment 23/27%9
(18%). This could suggest that more worms were retained after the initial dose of
bephenium than after the initial dose of tetrachlorethylene. FProm their results 1t can
be caleulated that bephenium removed 6% of the worm load and tetrachlorethylene Bédk. 'This ‘/
difference of 25% 15 not statistically significant.

Teir conclusion was that tetrachlorethylene was unlikely to be replaced by bephenium
hecause of the size of the cost ratio.

While accepting the zrguments of the authors as valid jn the light of the evidence
presanted there are oritlcelsms of this otherwise well conducted trial. The zample slizes
were swall and cases were not rendomly allocated to treatment groups. No pretreatment
epg counts were given so it is not possible to compare varlables in the pretreatment status
of each group. T+ may be that the pretreatment worm loads differed gignificantly. Finally
the posribility exists that two doses of the drugs used were insufficient to remove all
worms {there is supplementary evidence that this is so from other trials) and hence the
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denominators of the total worm removal counts would be biased.

In probably the most rigorous statistically designed and conducted trial of the
comparative effects of bephenium and tetrachlorethylene, Rowland (1966} in Dar es Salaam
improved further on the previously deserdibed study. In thiz area the species was mainly
N. americanus.

Three Tactors, tetrachlorethylens at three levels - zero, 2 ml ard % ml, bephenium at
two levels - zero and 5 grams of hydroxynaphthoate {equivalent to 2.5 g. base) and treatment
over three consecutive days formed the basis of the trial. A 3 x 2 x 3 factorlal design with
five treatment combinatlons, randomization in Hoeecks of 5 and 20 replicates wag used, To
eatimate the total worm loed, further anthelmintic treatment with either bephenium or
tetrachlorethylene was given after the three primary daily doses in amounts thought large
enough to remove all worms. Thus the basie assumption of the experiment was that all
vorms were in fact removed which appears Jjustifisble in the light of the doses used and the
length of treatment. 'The detalls of the schedules are given in the following table:

Treatment: Day 1 Day 2 Day 3 Day & Day 5
Group
! BS BS BS T T4
B5 BS B5
2 2 T2 2 T ™
B5 BS B5
& ol ol ol Purge Purge
BS
b m2 T2 e o} BS
5 T g T4 BS BS
B5 = Bephenium (= 2.5 g. base) T2 or 4 = Tetrachlorethylene 2 or 4 ml.
Rigid experimental conditions were imposed. Patients were prepared by aperients
or enemata on each of the three days preceding treatment and were glven a fluid diet on the
day before treatment. After the anthelmintie, magnesium sulphate was given. On subzequent

treatment days the 2arly enems was omlitted but a purge was glven after the anthelmintic.
Stoel collections for the 24 hours after each treatment and worm counts were performed.

The mean percentage removal of hookworms (mainly N. americanus) caleulated on the totel
load removed 1= given in the following table for each of the five treatment combinations.
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Mean percenteage removal of hookworms In relation to treatment group
and number of doses
Number of doses Treatment group
3 2 1 2 id
1 5.0 66.6 =Y.6 21.5 7.1
2 88,2 A7.6 77.5 =TT 25.2
3 100.0 96.3 B1.2 56,3 T2 8
Mean load 9.3 A4 L3 L 587.0 B15.3
Note: A basic assumption 1s that the worms removed by the three doses in treatment group

3 congtituted the total worm load. Other estimates are relative. Tt can be geen that the
mean load In sach treatment group (n = 20 x 5) s statistically comparable.

Thus the ranking order of efflcacy for % consecutive days treatment was:

Treatment group 3 ?E 32 22
" H BE5 BS B5

2 T2 T2 >

" n l BS BS BZS

" ! E T4 T4 T

" "ok T2 T2 T2

(for key sec preceding table)
The findings <an be summarized from the table as:

(a) Single doses of & ml, tetrachlorethylens and 5 g. hydroxynaphthoate (= 2.5 bephenium
base) removed 21.5 and 5%.A% of the total worm load - mainly N. americanus.

{r) Three doses of these drugs at this dose resulted in the removal of 56.%6 of the total
Toad by tetrachlorethylene and 81.2% by bephenium.

{c} The addition of 2 and 4 ml of fetrachlorethylene improved the percentage removal at
1, % and % doses until the maximum therapeutic effect was reached at three consecutive
daily doses of 2.5 g. base bephenium {= 5 g. hydroxynaphthoate) plus § ml. tetrachlorethylene.
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(d)  Doses of 2 ml, of tetrachlorethylene had a very poor effect. Even afier three
consecutive daily doses at this level only one third of the total worm load was removed.

{2) Por a single dose treatment the combination of § g. of hydroxynaphthoate (= 2.5 g.
base) and § ml. cen be expected to remove about 75% of the total worm load in N. americanus,

Other interesting findings from this study were that the total worm load was not shown
conclusively to influence the percentage removed.  Interaction between the two anthelminties
was not demonstrated, The two drugs were additive. The mean worm load for the 100 patients
in the trial was 464,

This study is the most penetrating example of the evaluation of drugs In hookworm
infection and the estimates derived can be considered the most sccurate to date. Yet even
they can be questioned since the employment of purgation repeatedly may have Interfered
with the effect of either of the two drugs and ls known to affeet the results of
tetrachlorethylene traatment adversely.

Although it hag generally heen accepted that bephenium is more effective against
A. duodenale than agalnst N. americanus and cure rates of £5-95% are quoted after a2 single
dose, these sstimates must be accepted with caution since +they have bheen made on the hasz]r
of techniques of varying efficiency and sensitivity. In short there has been no comparable
penatrating Investigation of the effect of bephenium on A. duodenale such as those measuving
its effects on N. americanus. ‘The differential asction remains a2 clinieal and parasitologleal
impression and while there is some suggestive evidence for this widely held view, rigidliy
designed trials with worm counts would confirm it pesitively. Komije et al. {(1960)
considered that whereas the majlority of Necator were elected 24 hours after 2.5 g. bephenium
base, all A. duedenale were removed in this time.

Tn Egypt, where A. ducdenale 1s the sole specles, 8alem et a2l. (1965}, Ty means of
an evaluation based on egz recovery in a direct smear and a saline coneentration methed,
clsimed an 85% "cure” rate after 2.5 g. bephenium base (n = 35) compared with 6%% after

2.4 ml. tetrachlorethylene {n = 43). However, purges were used in aszociation with
tetrachlorethylene,
Dogage

The standard dose is 5 g. of bephenium hydrexymaphtheate {egquivalent to 2.5 g. of
nephenium base). Many authorities give this dose regardless of weight or age. Tn children
weighing less than 20 kg. some physicians use halfl of this dose. Bephenium 1s effective
against both hookworm speciles. Tt is probable that more cures are effected against
A. ducdenale with one or two doses than in N. amerlcanus. Tn the latter infection with
high worm loads, three consecutive dailly doses of 5 g. bephenium hydroxymaphthoate will
remove sbout SOF of the load.

Moderately good cure rates in ascarlasis gan be anticipated when this co-exisiszs with
hookworm.

The drug, in the form of small grenules, 1s given with water on an empty stemach
hut has a bitter taste and a sweetened or {lavoured vehiele ig prefarable, particulsrly in
ahildren. A light dlet on the day before treatment is advisable but nelther aperients
before, nor purgatives after treatment should be given.
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Adverse reactions

Baphenium iz of low toxicity since absorption is minimal. Many patients complalin of
1tn bitter taste but this can be minimised by the use of a flavoured vehicle. Nausea ard
vomiting occur and seem to be rather more frequent in young children under the age of 5
years. A wide variation in ethnlc tolerance exiszts and in some groups the frequency of
vom!ting has been unacceptably high.

Other symptoms which are not uncommon but mild and temporary, are dlzziness, cramplng
ahdominal pain and dlarrhoea.

S“ontraindications and cautions

Reophenium 1s 8 safe drug. There arc virtually no contraindications except perhaps
vloerative conditions of the gastre-intestinal trzet not due to hookworms. It has been
umed 1n pregnant women but under-treatment rather than too enthusiastic treatment should be
the talea,

Tn hypartension and in pregnancy a brief fall in blood presrure may occur after the
Jdrug has been glven.

Tn emall severely §11 children with profound anaemiz preliminary supportive treatment
in roremtial before anthelmintics are given and bephenium should be used in smaller doses
nver oa o doay period.

fonciuslon
Bephenium is a safe and effective drug in heokworm infeetlens, T+ 1g probably
Affactive at n swaller dose againat f. duodenals than agsinst N. americanus and in heavy
SMfentionn three domss on consecutive days are preferable and will lead to some BOF worm
removal. Tolerance is good and an added henefit is its effect on =scariasls, Tes
Aimndvantage 1las tn an unfavourable cost ratio when compared with tetrachlorathylens.

© 4 ™4 THERAPY WITH COMBINED BEPHENIUM ANE TETRACHLORETHYLENE

fophanium 14 more effect!ive than tetrachlorethyleone against A. ducdenale and, for
many vears, the latter drug was considered to he moTe effestive against N. americanus.
Tty el ko the custom of combining the twe drugs in the ireatment of mixed infectioms.
Wi ln reoent detafled triaxis cast deubt on the better =ffisiency of tatrachlorathylens in
N. americsnus infections, they alss showed that a combination of 5 g. of hephenium
EEJFM;§nnphthqaLe apnd % w1, tetrachlorethylens was more effectivae in N. americanus infeation
than ~ither af She two Adrugs alons, whether glven in 1, 2 or T doses. There remains
thornfars nourd cvideace of the value of this treatment in adults, Tn ehildren, szimilar
tpinln have not been conducted hut there seems 1ittle reason to douht that the same findingz
nre oappt fonkle,

One obvious danger of combined ftreatment is an additivity of adverse reactionz which
may mullify ita potential utility in certain areas. Tor example Dutta (15970) in an
imanntrolled trial, gave B g. bephenium hydroxynaphithoate on day 1 and tetrachlorethylenc
St oom day 7. Tn a small aseries of 20 patients, all had 100% egg reductlon but gliddiness

-







