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INTRODUCTION

The prevalence of Ascaris lumbricoides infec-
tion in Korea was reported to be 41 per cent
of general population according to the Ministry
of Health and Social Affairs and the Korea
Association for Parasite Eradication(1976). The
still high endemicity of this worm in our coun-
try, in spite of many control trials, is of course
due to persistent reinfection. The rapidity of
reinfection was also remarkable according to Seo
et al. (1980 b) in rural villages of Korea. In
this connection, the control policy of ascariasis
afterwards should be those which actively tackle
the problem of reinfection. ’

Environmental sanitation and public health
education etc. are good measures for reinfection
control, though these are time consuming ones.
Mass chemotherapy is an alternative to those,
and should be the most recliable method as
present situation in Korea. This method pre-
vents, when repeated with proper interval, the
accumulation of reinfection, and lessens the
worm burden per case. It was already reported
that the production of fertilized eggs as the
source of further reinfection, was apparently

reduced according to the decrease of worm

* This research was supported in part by the
Grants (1978~"79) from Asian Parasite Control
Organization (APCO).

burden (Seo et al., 1979).

If we want to stop the fertilized ova pro-
duction, thus to minimize the reinfection source,
the treatment interval and the total duration of
programme are important. In this respect, two
factors in Ascaris biology are the prerequisite
informations; the prepatent period in human
host, and the longevity of the infective eggs
outide the host. The treatment interval should
not exceed the prepatent period and the dura-
tion should be, theoretically, longer than the
survival time of the already contaminated eggs
at surroundings.

The prepatent period of A. lumbricoides in
human host has been estimated about 60-—70
days (Galvin, 1968; Morishita, 1973; Seo et al.,
1980 ¢). According to Seo et al.(1980 ¢), the
sexually matured Ascaris worms were longer
than 10.5 cm in male and 12.5cm in female.
Interestingly, the size of female was well
coincided with maximum criteria of young
worms collected by Cho (1977) after 2-month
interval mass chemotherapy with pyrantel pam-
oate. Therefore, 2-month schedule with pyrantel
was considered appropriate for prevention of
further egg production.

However, the longevity of infective eggs in
environment was reported variable according to
geographical conditions and situations; about 1
year (Asada, 1923), up to 4—5 years(Morishita,
1973) or even 10 years(Brudastov et al.,
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1971).

Anyway, based on the above information,
we tried to make a small rural village in Korea
free from reinfection and new egg production
by repeated mass chemotherapy on the whole
population, every 2 months with pyrantel pam-
oate, for a long period up to 3 years. Finally,
we would like to know whether reinfection
control could be attainable only by this method.

MATERIALS AND METHODS

1. Subjected population and treatment

Three rural hamlets (Group A, B and C) in
Haengjung-1-Ri, Hyangnam Myon, Hwasung
Gun, Kyunggi Do, Korea were subjected in this
study. The purpose of grouping was twofold;
to determine the minimum effective dose of
pyrantel pamoate, and to observe the effect of
treatment interruption on later reinfection. In-
habitants of each group were treated bimonthly
with 2.5, 5.0 and 10.0 mg/kg of pyrantel
pamoate respectively, from June 1977. The
treatment was repeated 18 times until May,
1980 in Group A, while it was interrupted after

Table 1. The basic scheme of the study

-8 - NO.'&;
-5 examine
Sequent. No. Group = ,% for
of treatment 2 ;2 O T
(date) 2 < Eggs Worms
1 A 130 110 77 33i
B 130 108 86 34
(Jun. 14, 1977) C 134 113 90 31*
9 A 137 120 89 78
B 133 116 94 72
(Aug. 17, 1977) C 136 107 37 70
3 A 149 125 85 57
B 126 109 76 59
(Oct. 15, 1977) C 135 101 85 53
4 A 149 126 85 53

131 112 77 57

(Dec. 18, 1977) 138 101 91 71

(@]

5 A 140 125 97 67

64

Feb. 11, 1979) & 12 7 2 8
6 A 146 132 5838 gz
(Apr. 18, 1078) B 128 119 8 &
7 A 146 132 90 gg

Qun. 24, 19780 B2 M9 ST %
g A 148 18 — —

) B 129 12 — -

(Aug. 21, 1978) c 120 92 —
9 A M8 128 — —

; B 129 112 — —

(Oct. 18, 1978) C 120 92 — -
10 A 146 128 97 46

_ B 129 115 86 48

(Dec. 19, 1978) C 120 9% 61 39
1 A 140 120 89 58

(Feb. 14, 1979) & 140 = 9% T
12 A 134 112 49 37

(Apr. 14, 1979) & 1% T 8 T
13 A 134 108 63 50

Jun. 20, 1979) 2 @ T ¥~
14 A 134 108 64 37

(Aug. 28, 1979) & 20— % —
15 A 126 102 66 52

©ct. 30, 1979) & 38 T B —
16 A 120 100 54 41

(Dec. 27, 1979) & 12— & =
17 A 120 8 46 29

(Feb. 28, 180 & & T 4 =
18 A 116 72 45 28

(May 8, 1980) 1C3 i%g gé fl% g?
Total 6,508 4,311 3,137 1,706

* The low number of examination was due to insu-
flicient orientation of the inhabitants to the com-
plete collection of whole-day stool.



10 times until December, 1978 in Group B and
C (Table 1). The intervals between treatments
were not exactly 60 days. There were some
5—10 days’ delay during the course of study.

In every treatment trials, all of the inhabi-
tants of whole age and either sex were sub-
jected to treatment without preliminary check
of positivity for eggs. As summarized in Table
1 and 2, however, not all of them could be
treated. Pregnant women were excluded from
treatment until confinement. And there were
always some absentees and reluctant individuals
to treatment. But the covered propertions in
each treatment were always higher than three
quarters of whole population. New immigrants
were immediately registered and included in the
next treatment(Table 2).

2. Methoeds of follow-up and evaluation

The whole-day stool specimens were collected
for 2 days after each treatment from each case.
The specimens collected were examined both
for eggs and for expelled A. lumbricoides.
Egg examination was done by cellophane thick
smear method with the firstly passed stool from
each case. Only one sample was examined
each time.

In worm examination, the number of expelled
worms per case was, of course, counted each
time and the length and weight of individual
worm were measured. The purpose of measu-
ring worms was to discriminate young worms
which were reinfected during the recent 2 mon-
ths (Cho, 1977; Seo et al., 1980c). And male
worms under 10.5 cm and 0. 40 gm and females
under 12.5cm and 0.53 gm were considered to
be sexually immature young worms. The per-
centage of cases with young worm(s) in the
population was calculated in each follow-up.

We believe that the young worm detection
results should be the more reliable index for
evaluation of the efficacy of 2-month model in

reinfection control, rather than the egg or total
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worm positive rates. Because the true reinfec-
tion cases between treatments should show
neither any eggs in stocl mnor any matured
worms in worm collection.

In treatment interruption groups(B and C),
the follow-up study was made by only egg
detection method mnext to February 1979 (the
11th treatment) (Table 1; Fig. 10.

RESULTS

1. Attitude of the subjected inhabitant

Because Korean people are relatively well
educated on the parasitic infections, the neces-
sity of this study was readily accepted by the
inhabitant in the project area. Therefore, they
were very ccoperative to the treatment and
follow-up examination especially during the
initial half of study period. However, as the
study progressed 1 year and more, they became
a little boring of or unwilling to collect whole-
day stools rather than drug administration, as
shown in Table 1. Especially during the main
season of rice cultivation, June, August and
October each year, stool collection for 2 days was
really difficult. It was reason why we should
delete two times of stool collection on August
and October 1978 (Table 1; Fig. 1 and 2).

The high rate of cooperation in stool collec-
tion during the initial period may partly have
been due to easy recognition of expelled Ascaris
worm or worms within 2 days after treatment.
However, in later stage, they lost interest in
the treatment because almost mno recognizable
worms were found due to decreased cases with
worm (s), especially large ones.

2. Dose and side effects of pyrantel

The pre-treatment egg positive rates were, as
shown in Fig. 1, not so different each other in
Groups A, B and C; 48.1, 45.3 and 37.8%
respectively. Two months after the first treat-
ment, egg positive rates were downed to 10.1,

4.3 and 2.39% respectively and afterwards, the
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Fig. 1. The results of stool examination for Ascaris eggs by continuous 2-month interval mass chemotherapy.

rates remained lower than 6~79% until the 10th
treatment on December 1978. No difference
was observed in decreased positive rates among
the three dosage groups. Accordingly, the quar-
ter of the conventionally recommended dose of
pyrantel pamoate was equally effective as the
higher doses in case of repeated use during
reinfection control of A. lumbricoides.

The drug was readily accepted by the people
even those who were reluctant to follow-up stool
collection. The inhabitants were instructed to
tell the side effects by pyrantel treatment during
the next 2 days of follow-up visits. Out of total
4,311 treatments during the whole period of

Table 2. Summarized census data of study Groups

study, only 8 cases actually complained of side
effects. Those included abdominal pain and/or
diarrhea once or more times. The incidence of
side effects showed no difference between the
dosage regimens and the frequency of drug
administration,

3. Effect of 2-month interval treatment

on subsequent reinfection

By means of worm collection technique, sev-
eral egg negative but reinfected cases were
detected in each treatment. They were, in most
cases, infected with immature young worm(s).

Table 3 shows the number of worms collected

after each treatment. In the first treatment trial,

Groups A B C
Population 116~149 120~133 105~138
No. of immigrants per 2 months (avg.) 0~14(2.2) 0~5(1. 4) 0~15(2.9)
No. of emigrants per 2 months (avg.) 0~11(3.1) 0~7(1.4) 0~12(2.9)
No. of absentees per trial 10~22 12~20 10~25
No. of reluctant cases per trial* 0~9 5~12 3~8
Percentage of treated 73~90% 73~84%

* Pregnant women were included.

73~89%
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Table 3. Result of worm collection throughout the study

SN%q'u:fntial Nq. No. of positive No. of collected jNOI'mS . _No. per No. per
treatment examined case Mature Im;gi;ugre Total infected population
1* 98 45 89 4 93 2.1 0. 95
2% 220 14 25 9 34 2.4 0.15
3* 183 8 2 6 8 1.0 0.04
4* 181 21 11 14 25 1.2 0.14
5* 183 12 8 8 16 1.3 0.09
6* 168 5 1 4 5 1.0 0.03
7* 132 10 3 8 11 1.1 0.08
g* — - — — — — —
g* - . _ _ _ _ _
10* 133 9 14 2 16 1.8 0.12
11%* 58 2 0 2 2 1.0 0.03
12%* 37 1 0 1 1 1.0 0. 03
13%* 50 3 0 3 3 1.0 0.06
14%# 37 1 2 0 2 2.0 0. 05
15%* 52 0 0 0 0 0.0 0.00
16** 41 0 0 0 0 0.0 0.00
17%* 29 0 0 0 0 0.0 0.00
18%* 28 0 0 0 0 0.0 0.00
* Data from Groups A, B & C ;‘*Data from Group A
Q 1G
':i_’ o o----o Group A
2 s o0—O Group B
S C-—-0 Group C
s 7 ®@—® Mean
& 6 )
© /
g5
g 4 . [
S IR
> 24 ;
| "\‘
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(Month and year)

Fig. 2. Fluctuation of immature young worm detection rates in three Groups.

93 worms consisted of 89 mature and 4 imma-
ture worms were collected. But as the treat-
ment was repeated; the number of collected

worms decreased. Thus the indices, number of

worms/infected case and number/population

were also lowered.
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The number of worms/infected case was
2.1-2.4 at initial 2 treatments, but decreased
to around 1 thereafter until the 14th treatment.
The number of worms/population was nearly
1.0 at the first treatment but decreased to 0. 05
at the 14th treatment. The composition of the
mature and immature worms was changed and
the ratio reversed according to repetition of
treatments (Table 3).

Fig. 2 shows the fluctuation pattern of young
worm collection rates in three Groups, in which
two apparent seasonal peaks were shown in the
first year, i.e., in summer(June) and in winter
(December), After February 1979,
being continued only in Group A, the seasonal

treatment

peaks were maintained until June, 1979(the
13th treatment), Thereafter, however, young
worm was never detected during next 5 times
of follow-up until the end of study.

4. Newly found infection cases during

treatment

During the course of treatment in three
Groups, there were 124 cases positive of egg
and/or worm. They could be divided into three
categories as presented in Table 4, i.e., the
true reinfection cases between treatments, the
absentees (=drop-outs) in previous treatment
and the infected immigrants. A total of 71 out
of 124 were the true reinfection cases. The

average number of such cases was about 3 per

Table 4. Number of the newly found infected cases
in three Groups during the course of treat-

ment
o N "~ No. of cases* in
Category Group Group Group Total
A B C N
Infected immigrants 10 3 3 16

Absentees in previous 14 13 10 37
treatments

True reinfection 24 21 26 71

Total 48 37 39 124

* Cases detected both by eggs and by worms

Table 5. Egg discharging patterns in newly found
infected cases :ccording to three category

No. of cases with

Category N%asoefs False Unfert. Fert.
___.meg. _egg  egg
Infected immigrants 16 2 6 8
Absentees 37 8 19 10
True reinfection 71 56* 13 2
Total 124 66 38 20

* False negative for eggs due to infection with
immature young worms
trial in each group.

Epidemiologically, the unfertilized egg passers
are of negligible importance and quite the same
as the uninfected or false egg negative cases
because they do not participate in spreading the
infection. Thus, the egg discharging patterns
in the above categories of positive cases were
analyzed in Table 5. Among 124 newly found
infected cases, 104 (83.9%) were either false
egg negative or unfertilized egg passers. Out
of remaining 20 fertilized egg passers 18 were
either infected immigrants or absentees in the
previous treatment.

5. Effect of treatment interruption

As already described, the drug treatment was
interrupted in Group B and C after 10 times
of bimonthly treatments. And afterwards stool
examination for eggs was done until the end of
this study. Within one year, the egg positive
rate returned fairly high around 209, which
was about half of pre-treatment level(Fig. 1).

Because the egg positive rate represented only
the cumulative incidence of the reinfection, the
number of new egg passers during follow-up
examination was calculated and compared with
that of before interruption, as summarized in
Table 6. The mean incidence of new egg pass-
ers per trial was 1.4~2.3 before interruption
in three Groups. The rate decreased in Group
A but were stationary or rather increased in

Group B and C. The egg positive cases, at the
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Table 6. Comparative incidence of new egg passers according to two stages

of the study: Before and after treatment interruption

Group A¥*

Group B Group C

Sequent. No. No. of e

of treatment follow-up  No. of new No. per No. of new No. per No. of new No. per
_ egg_passer trial egg passer trial egg passer trial
2~10(during treatments) 7 14 2.0 16 2.3 10 1.4
11~18(after interruption) 8 4 0. 5** 27 3.4 19 2.4

* For comparison with Groups B & C. Chemotherapy was continued.
** New cases were found until Aug. 1979 (the 14th treatment)

Table 7. Proportion of the unfertilized egg passers to egg positive cases according to the

stages of study in Groups B & C

No. of cases who passed

Sequent. No. B}

Stages e e —_— o o U/U~+F*
of treatment Unfert. eggs Fertil. eggs Total

Pre-treatment 1 28 45 73 0.38

During treatments 2~10 65 27 92 0.71

After interruption 11~18 23 7 30 0.77

* U/U+F: Number of unfertilized egg passers/number of total egg positive cases

beginning of mass chemotherapy, were more
likely of fertilized egg passers, however, the
situation was reversed after treatments. The
dominancy of unfertilized egg passers was main-
tained relatively well even after the interrup-
tion of treatment, as summarized in Table 7.
This result suggests that, although the prevalence
elevated fairly high after interruption, the fer-
tilized egg production was still affected by the

previous suppression of reinfection cycle.
DISCUSSION

In endemic areas of ascariasis, the reinfection
phenomenon has been the most important ob-
stacle during the control activity. According to
Seo et al.(1980b), the prevalence rate at one
year after mass chemotherapy was almost the
same as the pre-treatment level and about half
at 6th month, in some rural villages in Korea.
Arfaa and Ghadirian(1977) also reported the
rapid return of prevalence after single mass
chemotherapy due to reinfection, and recom-

mended 2-3 month interval continuous treatment

in six rural communities in central Iran.

In order to control or eradicate A. lumbricoides
infection, we adopted 2-month interval mass
chemotherapy scheme. The intention of using
2-month scheme was, as already mentioned, to
make the village free from further egg produc-
tion. The duration of treatment intended was
until the possible life span of already produced
and contaminated eggs at surroundings, i.e.,
several years. If the treatments were repeated
under the above principle, the reserve of already
contaminated eggs would be exhausted and
then, the reinfection during the course of treat-
ment would be a function of only the still
surviving eggs in the community. The incidence
of reinfection would decrease as much as the
reserve reduced, and the final outcome expected
was the stopping of reinfection process itself.

The result obtained in this study seemed not
so different from expected. The principle of 2-
month interval mass chemotherapy by pyrantel
were appropriate lest the reinfected worms
should grow until oviposition. Only 2 out of 71
true reinfection cases produced fertilized eggs
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and most of them(56 cases, 78.9%) harboured
young worms, as shown in Table 5. Finally it
could be said that the literal reinfection control
was achieved after 28 months (on the 15th
treatment) in Group A. The total duration
needed may have been longer than this result
because it was difficult to conclude that really
not any reinfection had occurred during the
last 5 times of follow-ups, reminding the far
decreased number of examination cases for
worms at those times.

Based on the exactly same principle as in this
study, Biagi and Rodriguez (1960) undertook
mass treatment with monthly administration of
piperazine in a tropical village of Mexico.
There, the reinfection was stated to have been
controlled after 8 times of treatment. This rapid
outcome in Mexico may have been due to far
different situation in the reinfection incidence
from Korea. The pre-treatment egg positive
rate was 48.1% in this study and 28.3% in
Mexico. The reason for the different interval,
1 month and 2 months, may be, in our opinion,
that piperazine used by them could not remove
the younger worms from intestine which would
reach maturity within a shorter time than 2
months. In this connection, Fernando and Bala-
suriya (1977) in Ceylon failed to control ascaria-
sis with piperazine probably because they used
2-month interval scheme with this drug.

When the mass chemotherapy was stopped
after 20 months in Group B and C in this study,
the egg positive rate returned fairly high within
one year. This certainly means that reinfection
still occurred and the reserve of infective eggs
in the community was not entirely exhausted.
In other words, the general life span of the
infective eggs in surroundings may be longer
than 20 months.

One social factor in this study should be
pointed out here; the infected immigrants and the
drop-outs at treatments. They probably played

the role as new egg source during the course of
study. But their epidemiological significance
should not be exaggerated because of follow-
ing reason. During one and half years, only
18 fertilized egg passers were introduced (Table
5) to about 400 population in three Groups, and
they were treated in next trials.

Anyway, it should be mentioned that the
success in reinfection control in Group A does
not necessarily mean no more reinfection after-
wards. The infective eggs would be introduced
again from outside of the target village through
migration of inhabitants after a pericd of time.
Therefore, not so far as the study area is as
wide as possible and the adjacent villages are
included in the pregramme, it seems very difficult
to keep a village free from further reinfection
even after bimonthly mass chemotherapy fer a
long time.

The incidence of side effects by pyrantel
pamcate was very lcw in this study. This drug
is said highly safe and tolerable, however, such
a low rate might be due to the attitude of local
people. They were, in general, shy and would
not like to tell every details of adverse effects
due to drug administration to the favour-giving
physicians. Therefore, the rate was supposed
to be higher than that verbally complained.

The one thing we should have done was the
examination of the eggs contaminated in
soil. Recently many modifications of soil
examination techniques were developed with
good reproducibility. However, the results of
examination may be wvariable according to
the areas of sampling, conditions of soil,
amount of examined sample etc. So, we did
not select the soil examination as a follow-up
indicator in the evaluation of the mass
treatment efficacy.

SUMMARY

A trial to control reinfection cycle of Ascaris



lumbricoides was made in a rural village in
Korea by blocking the process of new egg pro-
duction. Chemotherapy with pyrantel pamoate
was repeated bimonthly in three hamlet groups,
each consisted of 105~149 inhabitants of whole
age group. In one hamlet (2.5mg/kg dose)
blanket mass treatment was repeated for 18
times from June 1977 to May 1980.

two, 5.0mg and 10.0mg/kg dose groups, treat-

In other

ment was undertaken for 10 times from June
1977 until December 1978 and later reinfection
pattern was observed.

Follow-up examination was made by whole-
day stool collection for 2 days from each case
after every treatment. The samples were exa-
mined both for adult and

immature young, of A. lumbricoides.

eggs and worms,

The results cbtained are summarized as fol-
lows:

1. The pre-treatment egg positive rate in
Group A, B and C was 48.1, 45.3 and 37.8%
respectively.

2. The lowest dose of pyrantel pamoate, 2.5
mg/kg was equally effective as higher doses in
case of repeated use for reinfection control.

3. Among 4,311 pyrantel treatments, only 8
cases complained of side effects such as
abdominal pain and diarrhea.

4, When the blanket mass chemotherapy was
continued 18 times in Group A, all of the exa-
mined inhabitants were free from reinfection
and egg production from 28th month (the 15th
treatment) until the end of study period, for 8

months.

5. When the mass chemotherapy was stopped
after 10 times, the egg positive rate returned
gradually up to half of pre-treatment level within
one year.

6. From the analysis of total 124 positive
cases during the course of follow-up, it was
revealed that the mass chemotherapy with 2-

month interval was successful for the suppres-

-
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sion of fertilized egg production. However, social
factors such as infected immigrants or absentees
were inevitably encountered and involved in the
fertilized egg production.

Summarizing the results, at least 28-30 mon-
ths were needed to eradicate A. lumbricoides in
the subjected area of Kores, by repeated blanket
mass treatment bimonthly with a quarter dose of
the

reinfection,

pyrantel pamoate. Furthermore, to lessen
social factors as a source of later
the project area of control programme should

be extended as wide as possible.
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