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LD, Suskind RM, | 1
ity in sickle gl 8 gncsup “lemientation, One group received 10 mg Zn/d (# = 65)
g ad the other group received a placebo (7 = 65) 90 £ 9.2 doses
aor. Nuls Reply - 8 Gere piven over L20-150 d. Stools were examined for prevalence
|I*: d intensity of helminths and prevalence of protozoa at the
paning and end of the study. The initial prevalence was 427%
.brhclminlhs and 18%: for protozoa, with no differences between
ps. Mcebendazole was admimistered to all children, and pro-
soal infections were treated specificallv at the beginning of the
_.ﬁudy. The remfection rates were 179 (11 ¢f 63) for helminths
Cand 12,30 (8 of 63) for protozoa in the zine group and 15'% (10
col68)a ! 10.7% (7 of 63), respectively, in the placebo group
','[P> 0.0 1 Analvsis by specifc parasites revealed no treatment
~effect. We conclude that neither plasma er hair zine status nor
;-:ml zing supplementation had an effect on parasite status in
A children. At S Clin Mietr 1993:37:673-4.
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Diferential environmental exposure 1o infective forms of
pthogenic protozoa or human intestinal helminths can account
Y different rates of parasitic infection. When cxposure is rel-

":l“"‘ﬂy constant. however, the determinants of suscepubility to

- Bsitic infoction have vet 1o be enumerated. Individual and

Bimilial epdemiotogical aspects €1), age (2. 3), sex (2), and genctic

J-‘huln'lional {5). and immunological varables (6-8) can all

‘: m\"ﬂkcd as factors in differential vulnerability 1o parasitic

~ LCllon,

b ¥ 2.mc 15 . irace moetal nuident that influences many physio-

‘Hboilavin 00 ;;,. - M8l functions, including immunity (9, 10), [Immune function

wsis. BiomedEEEg be involved in protection from parasites in several ways

’ i?fll‘ spme hclrr)inlhs one‘pqssib]c role for zinc wogld be 10

¥ l_ht' destruction of the infective larval forms during their

ol deficieny B0 ;fh:nTIlBraliop phuscw before cstgblishing adult l’o_rms in l_h_c gut

 1976:435888 u 4 2). _Ewdcnce t;oql Jz_1mmca.sug5‘-,%':nslthz\»1 7ine n‘utrmonal

= may influence infections with Trichuris trichitra (13),

+i heless, this relation has not been studicd in depth.

- hl:;‘l'“ﬂ 2y, spg*ciﬁc.nulric-an can cxert their efiects by direct
}h W10 organisms in the pastrointestinai lumen rather than
%y of the nuiritional status of the host, Zine is poorly ab-

y s'howing an abserption effictency ranging from 105 10

sdi Arabia—a 00
ol 1989:41:22-8 5
Lersumdi Ko, Bosk

Adtamin Bé. N

b

norphism in

i#

icipated 10 a randomized. double-blind. controlied trial of

IDPAL H 32RT

The effect of zinc supplementation on parasitic reinfestation

@,[05 F Grazioso. Margarita fsaloné, fsabel de Ramirez, Manuel Ruz, and Noel W Solomons
.

407 in vanous human studics that used isotopic trucers (14).
Dental rescarch has shown that zine salts have antiseptic prop-
erlies against the bacteria of plaque (13, 16). By analogy, other
umicellular organisms such as protozoa might ke influenced in
their preliferation, virulence, or cvst-trophozoite transition b
mtraluminal jonic exposure. Zine concentration in the gut may
also have a direct etfect on parasite (nematede) repreduction,
as it has been known to affect reproduction in different wavs in
many other organisms (17-19),

A randomized, controlled, double-blind clinical trial of zing
supplementation in Guatemalan schoolchildren was used 1o test
the hypothesis that increased dietary intake of zinc, either
through an effect on outritional status or through a change in
the passage of unabsorbed 7ine through the gastrointestinal tract.,
would influcnee the acquisition of parasiles. W also determined
whether plasmia and hale zin¢ concentrations were corrclated
with parasite prevaience and infection intensity in children.

Subject and methods

Subjects

The study was conducted among the primany schoal chil-
dren of the Fe v alegria School in the northeastern scctor of
Guatemaia City, The present work was derived from a larger
collaborative study of the University of Guelph, Canada. and
the Center for Studies of Sensory Intpairment, Aging, and Me-
tabolism (CeSSEAM) to determine the effect of zine supplemen-
taticn on growth and tunctional and biochemical variables re-
lated to zine metabolism in Guatemalan children. The present
observations were appended to, and subject 1o, the oserall design
ol two studies (20, 21). We took the opportunity 1o examing
parasile issuvs.

Children were eligible for melusion in the study i they were
hetween 63 and 93 mo of age at the heginning of the study and
were not receiving vitamin and/or mineral supplementation at
home in the last 2 mo. One hundred sixty-iwo children fit the

" From the Center {for Studics of Sensery Impairment. Awing and Me-
tabolism, the Research Branch for the Nationa! Committee for the Blind
and Deaf, Guatemala City.

* Reprints not available. Address comrespondence 10 CF Graziose.
CeSSiaM, Hospial Rodolto Rables, Diagonal 21 v 19 calle Zona ).
Guatemala City, Guatemala 01911,

Receved Apnl 17, 1992,

Aceepted for publication Octaber 20, 1992
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inclusion crleria. OF these 162 children, |30 completed the
plasmiy, bair, and fecal sampie data collection a1 the beginning
and end of the study. The data presented in this article are based
specilicaily on this latter group. None ol the participating chiddren
had any obvious chronic discase. The protocel was approved by
the Fluman Ethics Commitwee of the Unmiversity of Guelph and
by the Human Studics Committze ol CeSSIAM. Children were
pair maiched by sex and age to constitute two groups: thereafler.
a coin 1ss was used 1o assign the groups 1o one or the other
coded treatment. On the basis of the prevalence of parasite in-
lection of = 0% found in the general population of the studied

group and by using a sipgnihcance level of 59 with a power ol

807 for a bifateral test, and considering 237 as an imporiant
difference in prevalence for both groups. il was necessary to
have 538 subjects in each group to test this hypathiesis (223, The
final # was &5 subjects for each group. The group receiving zine
supplementation isdesignated +Zn; the group receiving the pla-
ceba is designated ~Zn.

Aiic supplomentation

Two sets of color-caded 1ablets were prepared by a pharma-
ceutical company in Canada (CE Jamizson and Co, Windsor.
Ontariao). One set was blue and the other was orange, One tablel
contained only vitamins and minerals, excluding zine: the other
tablet contained 10 mg Zn as an amino acid chelate along with
the remaining micronuinents. A uniform single dose of 10 myg
Zn/d was used for obvious operational reasons: morcover. the
justificatian for using 10 me Zn/d as a single dose was based on
the recommendations af the National Research Council of the
United States (23), Because the LIS recom mended dictary al-
fowance for infanis varies between 3.3 and 6.3 miz Zn/d and
because the recommendainns of the W orld Health Organizaton
(WHO) for adult males is 11 mg Zn/d (24). the 10-meg dose was
considered adequate for male and femate children aged 5-8 3
and of various weights. In addition, the use of zinc as an amino
acid chelate improves intestinal absorption and the utilization
of zing in the dig1 compared with other zine prepurations.

The tablets were adiministered to the children between 0900
and 100 on davs that the children atiended classes, excluding
holidays and weekends, The identity of the pills was not known
by the investigators until the study ended and the code was bro-
ken. The content of the pills was confirmed by direct analvsis,
The +Zn and placebo supplements provided 0.27 myg vitamin
Afacetaiel 3.3 mg vitamin E (d-e-10cophery] sucsinate), 100
mg vitamin C{ascorbic aeid), 100 pe folic acid. 1.5 mg thiamin
(monanitrate), 1.2 mg dboflavin, 10 mg niacinamide. 1.0 mg
vitamin B-6 (pyridoxine hydrochlodde). 6 ge vitamin B-12 (cy-
anocobalamin), (0 pg vitamin D (ergocalciferol), 10 myg pan-
tothenic acid (calcium pantothenate), 7 mg Fe (ferrous fumarate).
0 pz Cu (amino acid chelate), G pg 1 (rom keip), 30 ug Se
sodium selenate), 2 me Cr {amine acid chelated, and 110 mg
Mg (oxide). Strictly from an intestinal parasite point of view,
zinc alone would have been sullicient 1o test the hyvpothesis, but
because this study hud a nutdtional desigit, associated micro-
nutrient deficiencics would have confounded our ability to detect
a unique effeet of zine on growth.

Eveduation ol zine statis

Plasma zinc analysis, TFasting bicod samples (4-7 mL) were
drawn {from an antecubital vein through 2 2-gauge stainless stecl
needles into a 10-mL plastic disposable svringe. with subjects in

asiung pesition, Blood was transferred immediately jp
trace metal-Iree heparinized evacuated tubes (Vacmamu
ton Dickinsen. Rutherford, N3 previously checked for en
ination, and was centrifuged at 1112 = for 15 mip, The
was separaled, transferred into zine-free plastic wbes, and £
al —20 °C anul transported 10 Guelph. Canadg, The n
specimens were stored at —70 “C untl analysis. z,n,_. ook
in plasma was determined by llame domic.ybg ”
spectrophotometry with a Varian AAS (model 5;m1ra.30.
fn Techton, Georgetown, Ontaric). by using the me ,, v
Smith et al (25) Plasma was diluted 1:4 in doubleg;
dejonized water and standards were prepared in alveeripa p
vol:vol) 10 compensate for plasma viscosity. ('onccnlmliu;i L
expressed in pmol/L. A cutafl point of 1071 umol/L wagy
This curofl point is frequently cited in the literature and
sidered the lower limit for normal aduhs 204 children ip
faboratories (26, 27). The lower tertile of the distribut]
this case 13.2 wmol/L) was alse chosen as a particular
point 10 separate between low and normal plasma zine
Hair Zine analvees, Haie samples (20-50 mg) cut close
ecciputal portion of the scalp with stainless sieel scissors
collected. Samgples were washed by using a modification
nonienic detergent procedure of Harmson 21 al (28) and i
were analyzed Tor zine and copper by instrumental neulrgs
activation analysis as described previously {29). The cutgll
|':-r|in1x used as indicative of suboptimal hair zinc status "'
< 1.07 wmol/e (26) and the lower tertile of the distributiy
< 1.3 pmod/e. .
Fecal examinations. Stools were eollected in cardboard gark
at home and brought in the moerning 10 the school. The
samples were examined microscopically on the same d:lyifl dus
plicate for the presence of protozoa by using a coneend
technique (ight microscope 400, A modification of the
Kaiz guantitative procedure for determining the intensiy
nelmirh infection. as number of epes per gram of stool,
pertormed (30, 300 Approximately 20 mg of o glvcerine-oe
stool sample was spread evenly over a defined 2-cm” area
ghuss slide, with use of malachite green for conirast coloratia
The modification of Forrester and Scott {31) was used. in
the number of eges was recorded in a transect of 10 low

fields {3 mg s1ool), the entire 50-mg sample was examined:
counts wers expressed as eges/g stool. based on the averd
the duphcate samples. by using appropriate conversion F
This technique is not gensitive for detecting - | cze/ 308

Frecrmont with antiparasizic drugs. Aler thu_ feral sample
obtained. all the children received mebendazale (100 Mg
adav for 3d), and childdren who had prom/oam received
therapy with metronidazole (30-30 my kg '-d ' divide
three doses for 10 d for the presence of Eniamocha histo
and 20-30 mg - ke -7 divided in three doses over a 54 "'_
in the case of Gigrdia lambilia infection). Those poxxlncfﬂ 4
slenidepds watia received treatment with niclosanude at LhC
of the study. .

Stetistical analvsis

Chi-square analyses were used to test differences betweeR s i
portions (pusitive or negative for parasited, For the and
the intensities. Student's two-tatled 7 est for paired and ne
data. as appropriate. was used. Previously, the data were S
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med inte logarithms because the distributions were not nor-
_1 Odds ratios were used o establish the relative risk of being
_qed or Teinlected with purasites. given a higher or lower
4 zinc concentzalion, A linear regression was alzo run be-
plasma and hair zine concentrations and {or each ot these
' e e the intensitios of Frechares and Ascariy afier leeanith-
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The initial concentration of plasma zinc was 14,3 = 2.3 pmoi/
¢ 130 subjerts from whom blood samples were obtained.

+Zn and —Zn groups had initial zine concentrations of
1+ 23and 145 = 2.4 umol/L. respectivedy (NS Seven
et of the children had plasmi zine concontrations < 10,71
r,fL. The plasma zinc concentrations in the +Zn and ~Zn
s 4t the end of the study were, respectively, 16,1 = 2.4 and
4.5 £ 2.3 unol/Ls the difference hetween the two grsups was
senificant « = 0.03). Only the +Zn group bod plasma vine
- fencentrations at the end of the study thar were significantly
Willerent than those at the beginning of the study (2 < 0.03). [n
it second collection, LG9 of the children had plasma zine con-
irtions < 13.2 gmol/L and only Ave children (3.7%) had
fncentrations < [0.71 gmol/L. Four of these five children were
B 1he —Zn group.
S The initial hair zine content was 1.6 + 0.49 gmol/g (redian
B} for the 1ol group. 1,58 = 0.45 umal/e for the +Z0 group,
B 161 = Fa pmod/z forthe —Zn group, Thus. the dilferance
B hair ziv cotents was not stausticaily significant nor were
significanz differences at the end of the studs between the
nand the —Zn groups. The global hair zine content of 1.38
043 pmol/e was significantly lower at the end o the study
LR 1est < GO0 1) No correlation was found between plasma

[ hair zinc concentrations (r = —0,03).

;_'-J.

?-' No ditference in the prevalence of fecal helminths ( fscaris
E M Trichi + 1ogether) was detected at the teginning of the
Loy betw 11 the children with plasma zine concentrations
i j3,2 kol L {n = 36) and those with plasma zine concentra-
2132 ymol/L (r = 94) (P = 0.20). There wers no dil-
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-1 ivid A, | . s 5
d dl?”! Of I the prevalence of parasites. by chi-square test, when
wha [;Iil Y Mol vas used as the cutoft paint for zine plasma con-
Ver a

;‘ “ons, Differences in dscavis and Trichuris intensitics were
Und between the children with normal and low piasma
' 2ine status. Pearson product-moment correlalions were
hlmh tdkbum een plusrﬁa or hair zi‘nc cmp_:cmr:!.lions ;n.\d the
?"Giaqm-h '-.'.ar.:dofmmmn__s c)_l‘".mc intensities ol xcaris and
10-05)3. Suowere not significant (0= —0.02 w0 +0.21, £
)
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helminths and protezow. with infection rales of 32 and 547
forthe +Znand — Zn groups. respectively, Of these, 33% 113 of
3y ofthe +Zn group and 295 110 of 331 0fthe —Zn group were
inlected with multipte orgamsms. The incividual species detecied
in the initial survey are Hsted in Table 1. The prevalence for
helminth infection for the +Zn group was 43% (28 ol £34 and
was 415 (27 of 653 for the —Zn group, The prevalence of pre-
dominam helminths for the total group was 2175 (21 ol [30) for
Asvarts nnihricoides and 287 (36 of |30 for Tradurs richra,
[nitiadl, 11 subjects in the +Zn group were found to be infecied
with protozoa cempared with 10 children in the ~Zn group.
The predominant protoreal species was Glardia famblia. No
significant differences in initial parasile status were seen between
the two treaiment groups,

After mebendacobe therapy. and after a 120-130-d interval,
13 (10 of 63 af the +Zn group and 147 (9 of 63 of the —Zn
group manitested a helminthie infection. This reprosents a 65%
reduction from the prestudy rae Tor the former groep, and a
667 reduction far whe latter. No statistical difference between
treatments was seen with regard to the final parasite siatus, Table
1 shows the speciiic organisnys present in the second sampling.
Noditerences in tnlizction intensities were found in the ~Zn or
—Zn eroups either at the beginning or at the end of the studs.

Prodisposiiion 1o paraiic reinfection

We examined the data for any predispasition for infection
that may have been detected w the end of the chservation pencd.
Because no treatment offect was shown, the entire data set was
praled far the subsequent analvses, The chance thay a child was
infected or reinfected on the second sampling was twice as high
il"the child had had a purasite in feces at the haseline time point.
For roundworms. the predisposition was fise 1imes higher lor
the children who had nematodes at the Brst examination. We
did not And an increased sk of having a protozoal infection at
the end of the supplementation 1§ protozoa had been found a
the beginnmg of the study,

A twolold increase in the nisk of boing infected with A sana
wits documented among children who had been previously in-
fected with other heiminths as compared with those without
helminths at the Arst examination. Nevertheless, the number of
cases was small.

TABLE |
Absatute number of parasies adeniified befare amd after treatment 10
unsupplersented {(—Zn) and zinc-supplemented (+Zn) groups®

Imitial Final
Parasie -Zn +7n -In ~Zn
Nucares Senbeceiddes |5 13 4 <
Triciners triclinrg 16 20 3 s
Limcinama 2 0 0 ]
Ontyrgs | i 0 U
Cratrea fombig 114] 2 7 f
Ewtamoeta ludofviiea 2 4 0 2
Hmenntenis nana 1 2 z 3

* 1 = 65 for cack groop. Parasites were identilfied in slool samples by
MICFOSCOPIC examination.




Discussion

The concept ol interaction of nutrition and inlection was re-
lined in the classic 1968 monograph by Scrimshaw et al (32).

N The specific message was a potential for the nutritional state of

the host o influence susceptibiiity to infectinn. This was usualty
syoergistic, in which malnatrition increases the incidence. du-
N ration, of sevenity of the infection; however, often there was an
! antagonistic interuction. ig, one in which malputftion decreased
infeetion., presumably Tecause of a lesser availability of nutrients
for the parasite. Parusites and chligate intracellular organisms
were the most likely 10 show the antagenistic interaction with a
host's nutrition (32).

Parasitic infection is widespread in developing countries where
there is a lack of hvegienic education and the sanitation infra-
structure found in industrmalized nations, Experiences at Ce-
SSIAM have shown rates of nematode infeetion from 14% w
43% in Guatemalan urban schoelchildren (33). Zinc deliciency
was first discovered in juvenile bey papulations in the Middle
East (34, 35), wiere they consumed a diet high in Aber and
phytate. The staple foed of Guatemala is corn 1ertilla. which
ks a high Bher content and Interferes with the uptake of zinc
{36), Muoreover, Guatemalan chifdren grow well helow their
thearetical growih potential, and it was worth exploring whethier
some of the growth limitation was refated 10 zing insufficiency.
The overall research effort was directed at this question and the
parasile observations were dedvative. Zine in the circulation
- represents = |7 of the wotal body peol 137y and it is influenced
i by facters unrelated 1o nutotional status, ie. infection or other
stresses could depress plasma zine concentsation (38),

The fact that the plasma zine conceniration rises with sup-
plementation is not 4 prima tacie indication ol a preexisting
deficiency, as circulating concentrations are poorly regulited.
Huir zine has been propased as an indes of the chramie status
of trace mineral nutrition. Nevertheless, it should be taken with
caution because itis influenced by the mean rate of hair growth
and environmental contamination by external sources (39). The
peor correlation between hair zine and plasma zine concentra-
tions has also peen stressed (40). An epidemiological interpre-
lation of our biochemical data suggests that = 7% of the children
were deficient, with plasma zine concentrations < Q.71 gmol/
L in the oniginal survey.

On the Basis of the resalls obtained in the Tunctional dssess-
ment of the zinc variabies in the longitudinal study (210 i1 was
noted that the most consistent and notable changes observed
B | pastsupplementation were in the / scores for triceps skinfold
K thickness and midarm ciccumlerence: children who received the
£ine supplement gained more fat and lost less muscele. A signif-
icant increase in lincar growth was not detected in the +Zn
) aroup posaibly because the study was not lang enougly 1o observe
this change: the change in fat depasition showed that at least
some degree of zine deficiency was nbserved in this group.

We supported a two-tailed hypothesis as 10 the direction of
influence ol humar zine status on parasitic infections. Low zine
status could cither favor ar not favor the restablishment of an
wdection, and i could act differenty on different classes of par-
asites, The evidence suggesting a relationship between zine status
and parasitic infections 1s nmyeager. Bundy and Golden (13).in
Jamaica. reported a siight relationship between plasma zine
concentrations and {richuriy infection intensities in children,
Rescarchers in Quebee have demonstrated that challenge infee-
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gl
tions. but not primary infections. with the Mutine g .
/‘_’e’/f,{:!i?-f’\.r,'.'l)urdu\ ,r’ufl‘:g_r:-'rrl._ are affected by a Modery 7
NG dc."!i.'lﬁl.l(.'}-' (=1 J: \\-mm. bugdens and i productigy
creased in zine-restricied mice on second EXDOSULE 1o ek
Our assignmen pll'-.'l'ui]-:ircn 1o treatments resuhted jn ‘E‘I}v
imitial comparability of groups in terms of percentage of :
and n.u.mbu.'r and relative distributions of parasies, Fap
parasitic infection was widesoread, us demenstrated by the
prevalence of all infections a1 the baseline sampling
rapid renewal of reinfections after reatment, Although ¢
of zinc. its form ol administration. and the duration of e
mily not huave been optimal 10 unmask whatever zjne 3
reinfection interaction muehi exist in nature, the study &
and high compliance of the patients allowed us 1o "ll
conclusions about the influence of zine on the POStire;
evolution of reinfection in this pepulation, The zipe
se was clearly null. [ a true diiferential response 1o pg
posure exists between zine-deficient and zinc-adequate,
the lack of a sufficient number of zine-depleted sub
account for aless-than-complete testing ol the nutdijor
of the hypothesis. i
Our overt guestion was whetner zine supplementa; i
alter parasitosis, There are at least thres possible scer
zinc in the lumen influcnces infection, 2) zine status |
tinuous variable) influences parasitosis, and 3 prevalence of
deficieney as a dichotomous vanable with a defined cutp {
imfluences parasitism. Ifthe latter mechanism is in faet @ g
in nature. the underlying prevalence of zine deficlendy |
study population may hasve caused difficulty in dctc-:tini.' N
wilh the present sample size. However, it is equally,
likely that any cffect of zine an parasites is a local |
cifzct or one that operates both above and below any €0
tonal cutoff point for zine delicieney. ,’_
We cbserved a rapid reinfection rate during the 120180
We call this reinfection. although our design did not 4l
1o confirm the absence of feral pathogens immediately #6
course of anthelmintic and antiprotozoal therapies. Th
courses were those specibied for the respective agents. O
of mebendazole has been reported 1o be berween 84%
effecuve against A flosbricpides (42, 43y and up 10 90 & |
against 1 (richiwa (44). Metranidazale is very active:
luminal amebiasis, but recurrences alter treatment with!
alone are common. Resistance of £ Aistolvtica to metrgl
1s unknown (43). This drug is also the treatment Gi:
(7 Jemihiia (4673, We ireated # gana wish niclosamide 8
ol the course. We accept in our design thal this tapewiis
one organism that should have keen unafected by W
treatment, 1
[For the sake of the interaction analvses we are 4554
the majority of infections had disappeared and in
ected in the second sampling were primarily new
ception el /f nare. The minimum interval from ing&
inlective #ag 1o the preduction of egps by new adult fﬂ__, '
is 60 d tor A4 fumbricoides (471, 70-50 d for T ridh
and 32 d for £f name (48). These are consistent with lh'-'- 3
ol detecting the new infection during the 120-12
between treatment course and reevaluation. In this
found aslight tendency for the subjects with any WP
infecnion (protozeal or helminthic) to have some tYP '__'
on the second round. However, if we restrict OU
FECUITENCe 1o the two nemaledes with a similar



incubated eggs must be ingested. e, o frobricoides

oderape richinra. We¢ find @ much stronger retationship between
ey —ence of parasites and reinfection with cither ol the
e [oy we One is five limes more hikely to have one or the other
linan 1= glter treatment it one had a roundworm infection

age of ¢ The fndines with regard 10 77 nana are interesting
5. Expa ent with the recognized bielogy und life evete of 1his

‘These tapewonns can become established by autein-
_ gither internully {by the develepment of eggs 10 adulh
hGugh L 1eased in the small intestine) or externaily from a fecal-
Al e, Fernales have a maximum lite span of {0 wk: there-
w females would have Been producing the epes obsersed
& mo whether effective treatment lor this organism had

Aministered or not. Thus. the fact that 75% of those chii-

postt teinally excreting /7 awig ova sl had an infection with
7ine effas _nrg;mlbm is not sumpnsing. kecavse chiidren were not
10 pay o for fi navia untl the end of the studv. O inlerest is the
Quate al ifealer new infection rates with 7 nana among children
subie 4 b . rinfcctcd with other helminths as compared with thoss

helminths at the Arst examination. This again impiies
ceosition amony traditional hests of helminths but also
est that 17 srared is truly asolitary species, Jtmay requine
intestine be (ree of other helminths, as it would be after
bendazole treatment. for infective £ nana cpps 10 hecome
ished in e host.
Al cutof] Widren i . ban environments are susceptible 1o parasitism
alective cysts and ova. Altering dictany intake ol zine, with
imed effect on nutritonal reserves of the host and intra-
al fon concentration, could ke postulated W influence the

ally, of I wews of infections with protozoa and helminths on a number
ocal ! heoretical grounds. Qur data. however, are free of any evi-

v any cons e 0l a treatment clicct. On the other hand. certain insights
influence ol a previcus parasile status {be it infected or
J free) on predisposition 1o new infections were revealed,

fie sub-ument of the population scems o be niore sus-
W repoatintections with helminths in general and nem-

nes, | e y Inparticutar. The tapeworm F nana appears 1o hasve the
t5. OUFE sahion 10 occupy miches inintestinal tracts that are free of
4% Fhelminths. a
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