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Microfilaria Survey Methods and Analysis of Survey
Data in Filariasis Control Programmes

MANABU SASA, M.D.1

Based on studies carried out by the author and his associates in areas of Japan and
South Asia where malayan and bancroftian filariasis is endemic, this paper recommends
methods for use in microfilaria surveys and in the analysis ofdata obtained in such surveys.
The author recommends the use ofmeasured blood samples of30 mm3, with which 3 linear
smears are made on slides. The bloodfilms are then stained with azure II and eosin. Micro-
filarial counts made with such smears are, it is claimed, simpler, less expensive, and more
reliable than those made with round, thick smears. Furthermore, the use of3 smears from
each person permits the calculation of correction factors, by means of which the detection
rates that would be obtained by the use of different volumes of blood may be calculated.

Information obtained by the use of this method has proved to be ofgreat use in epide-
miological studies offilariasis in endemic areas, in comparing the prevalence of the disease
in different populations, and in evaluating the results of control measures. Different ways of
recording and classifying the results are described, and the frequency distribution ofmicro-
filarial densities is analysed.

Many different methods of collecting blood and
examining it for microfilariae have been used in
parasitological surveys made in areas where filariasis
is endemic. Each method has, of course, both
advantages and disadvantages in relation to the
purpose of a given survey and prevailing local
conditions. However, it is desirable to standardize
the technique as far as possible, to permit comparison
of data collected by different workers or in different
areas. In principle, a technique for-use in epidemio-
logical surveys must be reliable, sensitive, economical,
and not too time-consuming. The examination of
measured blood samples obviously has advantages
over conventional methods using unmeasured sam-
ples. It is also advisable to use a technique that will
permit the comparison of data obtained from
blood samples of different sizes, such as the method
of using 3 linear smears described in this paper.

In evaluating data obtained in mass surveys of
human populations in different endemic areas, and
data collected before and after the application of
various control measures, a number of workers have
found that both the rate of microfilaraemia and the
microfilarial density in positive cases offer valuable
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information. For this purpose, analytical studies are
needed on the frequency distribution of microfilarial
counts in measured blood samples from a population.

This paper, which is based on the author's and
his co-workers' epidemiological studies on bancroft-
ian and malayan filariasis in Japan and some South
Asian countries, gives a critical review of different
methods and recommends methods to be adopted as
standard in epidemiological surveys and in the
analysis of data for various practical purposes.
Most of the methods have already been used by us
with success in the National Filariasis Control Pro-
gramme in Japan since 1962, and in a similar project
in the Ryukyu Islands.

METHODS

A microfilaria survey consists, as a rule, of the
following phases: (1) preparation such as the designa-
tion of survey areas, the preparation of blood survey
schedules, and health education of the people; (2)
collection of blood samples; (3) examination of
blood samples; and (4) recording of results. A
variety of procedures have been used or proposed by
workers in different areas, depending upon their
needs, the local environment, or the prevailing social
conditions. Usually, the purpose of a microfilaria
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survey is to estimate the prevalence of filariasis in an
endemic area or to evaluate the effectiveness of
control measures applied either to the human popula-
tion or to their environment. Several methods, such
as clinical surveys and skin tests, are available for
determining the prevalence of the disease in a popu-
lation, but the most important information for
planning and evaluating filariasis control programmes
based on treatment with diethylcarbamazine is
obtained from the examination of microfilariae in
blood samples.
As noted above, the standard procedures and

techniques to be used in a microfilaria survey must
be not only reliable and sensitive, but also easily per-
formed by every technician and relatively economical
in both labour and expense. These two requirements
usually conflict, and a compromise must be made
between them. A method easily applied in one
country might be difficult to adopt in another,
depending on its social customs or natural environ-
ment. The following methods, adopted by us as
standard, have been developed on the basis of both
research and practical experience.

Selection ofareas to be surveyed

Information that filariasis might be endemic in a
given area is usually obtained from clinical records
of symptoms (such as elephantiasis, hydrocele, or
chyluria) detected by local physicians or public
health workers. For example, the distribution of the
disease in Ehime Prefecture, Japan, was elucidated
by Shimono (1961), who collected clinical records
by mail, on specially-prepared forms, from all
practising physicians in the area. However, the pres-
ence of persons with clinical filariasis does not neces-
sarily mean that active transmission of the disease is
taking place, nor does it indicate the necessity of
applying control measures. On the mainland of
Japan (including Ehime Prefecture) it is common to
find that, although some persons with chronic
filariasis manifestations remain from past endemics,
microfilariae are absent, apparently indicating that
transmission of the parasite ceased some years ago.
However, since transmission of the disease has been
stable during recent decades, the prevalence rates of
clinical filariasis are highly correlated with micro-
filarial rates and densities; thus the results of in-
vestigations of clinical cases are usually very useful in
selecting and delimiting areas to be surveyed (Sasa,
1966).

Several immunological methods, such as skin
tests, fluorescent antibody tests, and complement-

fixation tests, have been proposed as being more or
less specific for the detection of human filarial in-
fections. Recent studies of a skin test using antigens
prepared from Dirofilaria immitis, a filarial parasite of
the dog, have revealed that it is also useful in detect-
ing the infection among populations in areas where
human filariasis is endemic. Since a positive skin test
can usually be obtained earlier in the course of in-
fection than microfilariae can be detected in the
circulating blood, and since the period during which
such a reaction can be obtained is often longer than
that during which microfilariae can be detected, the
skin test is considered to be more sensitive than
the blood survey, though it may be less specific. The
technique may occasionally be useful in selecting and
delimiting areas to be surveyed by microfilaria
examinations. Immunological methods may eventu-
ally be useful for determining whether transmission
of the disease has been interrupted in populations in
endemic areas. However, according to our present
information, they cannot be completely substituted
for the laborious night blood-film work necessary
for the detection of microfilaria carriers in endemic
areas of nocturnally periodic filariasis, nor are they
useful for screening cases to be treated with diethyl-
carbamazine.

The number ofpersons to be exanmined
A blood survey of a human population is carried

out either to ascertain the distribution and rate of
microfilaria carriers, or to detect all microfilaria
carriers in an endemic area to be treated with the
drug so as to achieve effective control of the disease.
In India, for example, the aim was to examine about
5% of the total population to determine and delimit
the endemic areas, and mass administration of
diethylcarbamazine was applied to all inhabitants in
such areas (Ramakrishnan et al., 1960). The effective-
ness of mass drug administration may also be
estimated by sampling a fraction of people from the
population, so long as the sample is properly selected.
However, it is obvious that, in any filariasis control
programme, blood surveys of the entire population
and selective treatment of persons found to be carry-
ing microfilariae are necessary in order to achieve
eradication.

In the filariasis control programmes carried out in
Ceylon, Japan, and Okinawa, the aim from the start
was to make blood surveys of all the people in
particular areas, and to treat only those with micro-
filariae. In such a control scheme, effectiveness in
reducing microfilaria carriers from the population
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depends on the percentage of people covered by the
pre-treatment blood survey and the adequacy of
drug administration; this has been demonstrated
clearly in the annual reports of the Anti-Filariasis
Campaign in Ceylon (Abdulcader & Sasa, 1966).

Similar conclusions were reached through the
analysis of data from the National Filariasis Control
Programme of Japan. A marked correlation was
found between the degree of reduction in micro-
filarial rate and the percentage of people whose
blood had been examined in previous years, and
remarkable effects were seen only in districts where
more than 60% of the population had been examined.
Remarkable achievements have been made by the

staff of the Filariasis Eradication Programme of the
Ryukyu Islands. In January 1965, they started a
blood survey in the Miyako Islands, and blood samp-
les were taken by the standard 30-mm3 method from
65 018 persons (99.1 % of the total population of
65 607). Upon microscopic examination, 12 314
samples (18.9 %) were found to be microfilaria-
positive. All microfilaria carriers were treated with
diethylcarbamazine given in 12 daily doses of about
6 mg/kg of body-weight each (once a day for 6 days,
repeated after about 2 months), the total dosage
thus being about 72 mg/kg. Of 11 141 persons whose
blood had previously been positive, 9137 (82.0%)
were found to be negative after treatment. The other
2004 persons, who were still positive, received another
course of drug treatment following the same dosage
schedule. The success in collecting such a high
percentage of blood samples from the people was
due largely to effective and extensive health education
carried out before the start of the programme, as
well as to the self-sacrificing efforts of the campaign's
professional staff.

Collection ofblood samples

Blood samples have been collected either by
having the people gather at one station in each
village, or by house-to-house visiting by the blood
collectors. Although the former method is more
efficient and reliable, it is often difficult in practice.
In Ceylon, a blood collector is assigned about 70
persons per day. He visits each house in the morning
to explain the programme, and again in the evening
after about 8 p.m. to collect blood. He engages in
this work 3 days a week and 10 months a year, thus
covering about 8000 people per year. In areas where
health education is effective and where sufficient
blood collectors are available, the blood survey

programme has been carried out successfully, as seen
in Ja-Ela, Ceylon (Abdulcader et al., 1965).

In Japan and the Ryukyu Islands, blood samples
are usually collected by gathering the people at a
station temporarily set up in the village hall or a
classroom. The technician assigned to each village
makes measured blood smears from about 60 persons
per hour, or about 150 persons in 21/2 hours' working
time per night. In the Miyako Islands, where the
coverage rate reached over 99 %, additional house
collections were made to reach persons unable to
walk. In this system, health education of the people
and co-operation of the villagers are essential to the
success of the programme.

Method ofmaking blood smears

Two different methods have been used in making
blood smears to be examined for microfilariae: the
use of unmeasured drops and the collection of blood
with a measuring pipette. The size of measured blood
samples has also varied (20 mm3, 30 mm3, 60 mm3,
or 1 ml or more), depending upon the surveyor's
purpose or the kind of equipment available.
Some field workers still consider that the collec-

tion of unmeasured blood samples, such as the
taking of drops from the finger-tip, is better for
practical purposes than cumbersome measurements
of the blood, as they are interested only in whether
the person examined is positive or negative. Such
a view may be acceptable in the early stages of filaria-
sis control programmes, but recent studies of the
epidemiology and control of the disease have shown
that much more reliable and meaningful results are
achieved by recording the number of microfilariae
detected in a given volume of blood. The examina-
tion of measured samples has been made easier to
perform even for untrained technicians, and is not
much more time-consuming or laborious than con-
ventional methods using unmeasured samples.
Blood is usually drawn from the finger or ear-lobe

with a surgical blade or a needle. In countries where
ear-rings are commonly worn by women, the finger-
tip may be the choice, but it is less painful and easier
to pipette the blood from a droplet on the ear-lobe,
as has been commonly practised in Japan and
Okinawa. It is sometimes difficult to draw blood
into a pipette directly from the finger, but it can be
easily drawn into it from a drop of blood placed on
a slide. The use of pipettes in taking blood samples
has proved to be as simple as conventional methods
using unmeasured samples.
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Various methods have been used for the collection
of measured blood samples for microfilaria examina-
tions. In many areas, it has been a routine practice
to take 20 mm3 with a micropipette (such as a
commercially available haemoglobin pipette) and to
make a round, thick smear on a slide. In special
studies, some authors have examined a total of
60 mm3, or 3 thick smears each composed of 20 mm3.
Methods for concentrating microfilariae from larger
samples of blood (e.g., 1 ml or more) are useful in
detecting low-density microfilaria carriers, who are
often seen in post-treatment blood surveys. In all
these methods, the blood is taken into a syringe
containing an anticoagulant (either an amount of
3.8% sodium citrate equal to 1/5 ofthe blood volume,
or a small amount of 10% potassium succinate).
After the serum is removed by centrifugation, the red
blood corpuscles are haemolysed and again centri-
fuged; the sediment is placed on a slide, usually
stained by the Giemsa method, and examined. In
haemolysing the red cells, the best results are
obtained by adding 5 parts of 20% ethanol in water
to 1 part of the blood sediment, or by freezing the
sediment in a mixture of ice and salt or in dry-ice
(Sasa, 1963b).

In the blood surveys carried out as part of the
filariasis control programme in Japan and Ryukyu,
a method described by Sasa (1963b) has been adopted
as the standard. A pipette is used to take exactly
30 mm3 of blood from a droplet on the ear-lobe, and
3 10-mm3 blood samples, each about 3 mm in width
and 50 mm in length, are smeared on slides. The
pipette is similar to the melangeur pipette used for
haematological tests, but it is larger in diameter and
has 3 graduations at 10-mm3 intervals. It can be
used for repeated blood collections if washed with
0.1 % aqueous benzalkonium chloride solution,
which acts as both a detergent and a disinfectant.

There are several reasons for adopting such a
method as the standard in this programme. Our
experience shows 30 mm3 to be the optimum amount
of blood to be smeared on a standard 76 x 26 mm
slide, although it would be desirable to examine a
larger amount of blood to increase the rate of
detection of microfilariae. This also represents the
maximum amount of blood that can be collected
from a droplet on the ear-lobe. For examining the
entire surface of blood films and for making accurate
microfilarial counts, the linear smears are far better
than the conventional round smears. The division of
each blood sample into 3 equal parts of 10 mm3 has
several advantages. For example, when microfilaria

counts are made with 3 separate 10-mm3 samples,
correction factors for calculating the positivity rates
that would be found by the examination of blood
samples of different sizes are easily obtained.
Furthermore, the use of this technique makes it
possible to estimate the positivity rate of a popula-
tion, including potential positives, by means of a
statistical method proposed by Moriya (1956) and
discussed in detail by Hayashi (1959) and Sasa
(1963b). The use of 3 samples is also advantageous
in that it minimizes the risk of losing all the blood
specimens from a given person if a blood film should
drop off a slide while immersed in the staining
media.

Staining methods
Some authors have recommended that blood films

be examined without staining, after the removal of
haemoglobin in water, since this method is less
time-consuming and more economical. However,
careful studies have shown that reliable results can be
obtained only if the blood films are properly
stained, as reported by Hayashi.' In examin-
ing unstained blood films, some of the micro-
filariae are easily overlooked, leading to positivity
rates and microfilarial counts that are usually lower
than those obtained from the examination of
properly stained specimens. It should also be pointed
out that good staining methods are necessary not
only for accurate diagnosis of microfilaria carriers,
but also for correct identification of the parasite
species.
The stains most commonly used in microfilaria

surveys are Giemsa stain, Wright's methylene blue,
and azure II. For special studies staining with
haematoxylin, haemalum, or methyl green pyronin
may be required. The author recommends the use of
azure II, especially when large numbers of blood
films are being stained for microfilaria surveys and
for epidemiological studies. The " azo-staining"
method described by Sasa (1963a) is as follows:

(1) Immerse the slides in tap water until haemoglobin
is completely removed from the blood films (about
5 minutes). (2) Stain in a solution of 0.02% azure II and
0.01 % eosin in water, at a pH of about 7.8, for about
1 hour at 25°C-30°C. (3) Wash the slides in tap water,
and remove excess azure II by rinsing in 0.1% acetic
acid solution in water for about 1/2 minute. (4) Wash in
water again, and air-dry.
The staining medium is prepared from stock solutions

of 0.4% azure II and of 0.2% eosin Y, both in 20%

1 Unpublished report to WHO, 1965.
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methanol in water. These stock solutions are preserved
separately, then mixed and diluted with tap water before
use (distilled water is not necessary). The diluted dye
solution is adjusted to a slightly alkaline pH by the
addition of a few drops of 10% solution of Na2HPO4 to
improve the staining with azure II.

The azo-staining method has several advantages.
For example, the necessary materials are easily
transportable to field laboratories, since 50 g of
azure II and 25 g of eosin are sufficient to stain the
blood films of 100 000 persons. The amount of
Giemsa stain necessary for the same number of films
would be about 12.5 litres, or 500 25-ml bottles.
Furthermore, the azo method is considerably less
expensive. According to the catalogue of a commer-
cial supplier, azure II costs 1200 yen (US$ 3.33) per
25 g and eosin Y costs 460 yen (USS 1.28) per 25 g;
Giemsa stain, at 520 yen (USS 1.42) per 100 ml, is
roughly 20 times more expensive.

This method is based on the fact that the nuclei of
microfilariae require a longer time for staining with
azure II than do leucocytes and other blood consti-
tuents; when staining is complete, however, the dye
on microfilariae is stable and difficult to remove in
acid solution.

Microscopic examination and recording of results

In blood films that are properly stained with this
method, microfilariae can be clearly seen as purple
threads in a pinkish field under low-power magnifica-
tion, and the possibility of their being overlooked by
microscopists is minimized. The nuclei and other
structures important for identification are seen
clearly under high-power magnification.

Detection and identification of microfilariae
demands good staining of the blood film and careful
examination of the full film under low-power magni-
fication, usually with a combination of 10 x objective
and 5 x ocular. Microscope lenses with narrow
fields are not suitable for this purpose, whereas
wide-field lenses are particularly useful in saving
time and labour. A mechanical stage, which is
necessary in examining round blood films, is not
required for the examination of linear blood films.
The results of microscopic examinations should be

recorded not simply as positive or negative, but as
the total number of microfilariae found in each blood
film. Various data useful in the epidemiology and
control of filariasis may be obtained from micro-
filaria counts of populations and of individuals even
when the counts are made on unmeasured blood
samples. When 2 or more blood films are taken

from the same individual, the counts for each film
should be recorded separately.

In addition to the advantages already noted,
microfilarial counts are easier to make with the
linear-smear method described above than with the
conventional method of using round, thick smears,
which requires several back-and-forth movements of
a movable stage. Furthermore, it gives more.
reliable results.
The number of blood samples that can be examined

by a microscopist per day depends largely on local
conditions and on the positivity rate and the density
of microfilariae. Specimens with large numbers of
microfilariae require more time than negative films.
Our experience in the Amami Islands, where the
positivity rate was roughly 10%, showed that a
trained technician could examine 30-40 slides per
hour. In the Anti-Filariasis Campaign in Ceylon, the
standard number of slides allotted to a microscopist
per day is about 120. The examination of too large
a number of slides obviously results in an increase of
errors in diagnosis.

EVALUATION OF SURVEY RESULTS

The results of microfilaria surveys of a population
should be evaluated from several standpoints, such
as the microfilarial rate, the proportion of samples
from each person found to be positive, and the
frequency distribution of microfilarial counts. All
these factors measure different aspects of the endemi-
city of the parasite in a population, but the values
obtained from different populations are usually cor-
related, and are all useful in comparing the level of
endemicity in different endemic areas, or in evaluat-
ing the effectiveness of control measures in a given
population. All results should be recorded in such a
way as to permit statistical evaluation of the signifi-
cance of differences found in populations that are
surveyed.

Microfilarial rate

The rate obtained by dividing the number of
persons found to be carriers by the total number of
persons examined is a useful, and the simplest, way
of indicating the prevalence of filariasis among people
in an endemic area. However, microfilaria carriers
usually form only part of the population infected
with the parasite; those in the prepatent stage, as
well as many in the chronic stage, show no microfil-
araemia, although they may carry the parasite or
still suffer from the disease. Some other measures,
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TABLE 1
COMPARISON OF 2 BLOOD SURVEYS OF THE SAME POPULATION

MADE AT AN INTERVAL OF 2 MONTHS a

Results of blood survey Ashiken village Suko village

August October Number Percentage of Number Percentage of
observed population observed population

Positive Positive 47 10.9 27 11.9

Positive Negative 8 1.8 3 1.3

Positive Absent 8 1.8 8 3.5

Negative Positive 18 4.2 8 3.5

Negative Negative 210 48.5 107 47.1

Negative Absent 38 9.0 51 22.3

Absent Positive 11 2.5 1 0.4

Absent Negative 41 9.5 15 6.6

Absent Absent 51 11.8 7 3.1

Total 433 100 227 100

a Ashiken and Suko villages, Amami Island (after Sasa et al., 1963).

such as the prevalence of clinical filariasis and the
positivity rate of immunological tests, may be used
in epidemiological surveys of the disease. Data
obtained by such different methods apply to entirely
different phases of the course of infection and may
reflect individual differences in response to the
infection. From the practical standpoint of filariasis
control with diethylcarbamazine, the survey of
microfilaraemia is obviously the most important and
indispensable of the above methods, since it reveals
that fraction of the population in which the drug will
effectively cure the disease, thus reducing the source
of infection.
The microfilarial rate of a population is subject to

variation, depending upon the volume of blood
examined (the rate becomes higher as the volume
increases), the time of day at which the blood is
taken, and the sex and age of the group studied.

In an area where filariasis is endemic, there are
always some microfilaria carriers (most having low
microfilarial densities) who are recorded as negative,
either through technical error or because micro-
filariae happened to be absent from the blood sample.
Technical errors may be minimized by the thorough
training of microscopists, while errors arising from
the absence of microfilariae can be minimized by the
examination of a larger amount of blood. Another
cause of discrepancies in successive surveys of the

same population is the fact that the microfilarial
density in a given individual may vary, owing to
uneven distribution in the blood stream, diurnal
periodicity, and a tendency to increase or decrease
over several months or years. In mass blood surveys
of a population, it is usually difficult to determine
the causes of errors, but it is useful to make succes-
sive surveys of the same population to check on
reliability.

Table 1 compares the results of two blood surveys
made 2 months apart in two villages in an endemic
area of bancroftian filariasis in the Amami Islands,
using the same technique of examining 3 10-mm3
blood films taken between 9 and 12 p.m. In each
survey, the villagers were classified as positive,
negative, or absent. In the first survey of Ashiken
village, which had a total population of 432, the
blood of 310 persons was examined and 63 were
found to be positive, giving a positivity rate of
20.32%. In the second survey, made after 2 months
(during which no control measures were applied),
the number of persons examined was 335, of whom
76 (22.69%) were found to be positive. Although
there was no significant difference between the
positivity rates of the two surveys, there was re-
markable discrepancy in the diagnoses: of 63 per-
sons diagnosed as positive in the first survey, 8 were
diagnosed as negative in the second, while of 76
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diagnosed as positive in the second examination 18
were diagnosed as negative in the first. Re-examina-
tion of the blood films collected in the first survey
led to the finding of microfilariae in 3 of the 18 films
diagnosed as " first negative, second positive "; all
diagnoses made in the second survey were found to
be correct.

Microfilaria-positive grade
In microfilaria surveys under the National Filari-

asis Control Programme in Japan and the Ryukyus,
it has been routine practice to make 3 blood smears
from each person, using 10 mm3 of blood for each.
The results of microscopic examinations are recorded
by the number of microfilariae in each blood film.
The " microfilaria-positive grade " is a classification
based upon the number of positive samples found in
the 3 samples taken at one time from the same
person, as follows: 3:3 (all 3 films positive), 2:3
(2 films positive, 1 negative), 1:3 (only 1 film positive),
and 0:3 (all 3 films negative). Such a classification
may be used for any examination in which 2 or more
samples are examined from individuals in a popula-
tion-e.g., 2:2, 1:2, and 0:2 for a 2-smear method,
and 6:6, 5:6, 4:6, 3:6, 2:6, 1:6, and 0:6 for a 6-
smear method.

Theoretical background. Theoretically, the pro-
bability of obtaining partly positive results (i.e., 1:3
and 2:3) increases as the microfilarial density of
persons becomes lower. If it is assumed that micro-
filariae are randomly distributed in the blood, the
number detected in a certain volume of blood should
follow the Poisson distribution represented by the
formula:

P(z) = e-mmzlz!
where P(z) is the probability of having z micro-
filariae per unit of blood sample, e is the base of the
natural logarithm (2.7182), and m is the average
number of microfilariae per unit of blood sample.
Therefore, the probability of having no microfilariae
in a blood sample is expressed simply by P (0) = e-m.
For example, in a microfilaria carrier with an average
density of 1.0 per 10 mm3, the probability of ob-
taining a negative result from an examination of one
10-mm3 blood sample is 0.368 (1/2.7182), and the
probabilities corresponding to average densities of
2.0, 4.0, and 8.0 per 10 mm3 are 0.135, 0.0183, and
0.000336, respectively. The probability of having
microfilariae in a blood sample is obtained by
subtracting these figures from 1.
By using the above relationship, an estimate may

be made of the theoretical distribution of the positive

grades for any average microfilarial density; the
probabilities of obtaining the four different grades in
the examination of 3 films are as follows:

0:3 (all 3 films negative): (e-m)3
1:3 (1 film positive, 2 films negative):

3 (e-m)2 (l-e-m)
2:3 (2 films positive, 1 film negative):

3 (e-m) (l-e-m)2
3:3 (all 3 films positive ): (I-e-m)3

In practice, however, when carrying out a micro-
filaria survey of a human population, the average
microfilarial density of each person is usually un-
known, and the density varies from one microfilaria
carrier to another. The distribution of the three
positive grades (1:3, 2:3, and 3:3) is dependent
not only on the positivity rate, but also on the
frequency distribution of microfilarial densities in
the population. Table 2 gives data, compiled by the
author, from blood surveys made under the National
Filariasis Control Programme in Japan. It can be seen
that the distribution ofthe above grades differs greatly
among populations with different levels ofendemicity,
and the ratio of cases with partly positive specimens
(1 :3 and 2:3) is found to increase as the average micro-
filarial density (MfD50, in the last column of Table 2)
drops. For example, in a surveymade in Yoron Island
in 1962 before drug control schemes were started, the
median microfilarial count was 16.6 per 30 mm3,
and the positivity rate was 15.40%, both being the
highest in the areas surveyed; the proportions of
cases with positive grades of 1 :3, 2:3, and 3:3 were
11.8 %, 12.2%, and 75.9%, respectively. On the other
hand, in Kumamoto Prefecture the median count
was 2.5 per 30 mm3 and the positivity rate was
0.41 %, the proportions of grades 1:3, 2:3, and 3:3
being 37.4%, 30.0%, and 32.6%, respectively. In
Iki Island, the positivity rate was 1.21 % (much
higher than in Kumamoto), the median count was
2.3 per 30 mm3 (lower than in Kumamoto), and the
proportions of the three positive grades were 39.5 %,
36.1 %, and 24.4%, respectively.

Direct method of obtaining correction factors.
Classification of the results of blood surveys by
microfilaria-positive grade offers information that is
particularly useful to epidemiologists. For example,
the correction factors for the positivity rates to be
expected in examinations of blood samples of differ-
ent volume can be estimated directly from the ob-
served data for each population. If 3 10-mm3 blood
samples from each person are examined in a survey,
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TABLE 2
BLOOD SURVEYS UNDER THE NATIONAL FILARIASIS CONTROL PROGRAMME OF JAPAN a

Total Number with positive grade of: Total Correction factor for:
Area Year number positives MfDso

. examined 3:3 2: 3 1:3 (%) 20 mm' 10 mm'

Before start of control

Miyako a 1965 47 342 8144 1 827 1 992 20.17 0.945 0.838 18.8

Yoron 1962 4 825 564 91 88 15.40 0.961 0.864 16.6

Tokuno-shima 1962 10 357 840 191 189 11.78 0.949 0.845 14.1

Tanega-shima 1962 6 848 185 59 45 4.22 0.948 0.858 7.1

Kagoshima 1962 15 432 205 85 67 2.43 0.937 0.800 5.2

Nagasaki 1962 113435 540 462 484 1.31 0.894 0.678 3.4

Iki 1962 42 066 124 184 201 1.21 0.864 0.616 2.3

Kumamoto 1964 82927 111 102 127 0.41 0.876 0.651 2.5

After treatment

Miyako a 1965 12 352 557 502 1 000 20.31 0.840 0.599 1.3

Amami 1963 695 140 81 105 46.91 0.893 0.723 7.2

Tokuno-shima 1963 1 988 68 59 103 11.57 0.851 0.616 3.3

Tokuno-shima 1964 1 538 '111 89 58 16.78 0.925 0.745 4.3

a Data from Filariasis Eradication Programme of the Ryukyus.

and the numbers of cases with the positive grades of
3:3, 2:3, and 1:3 are found to be N3, N2, and N1,
respectively, the numbers of cases that would be
diagnosed as positive by the examination of 30 mms,
20 mm3, and 10mm3 are estimated by the following
formulae:

For 30 mm3: P30=NL+N2+N3
For 20 mm3: P20 = 2/3 N1+N2+N3
For 10 mm3: Plo = 1/3 N1+2/3 N2+N3
The above formulae were derived from the simple

assumption that one-third of the N1 cases found by
the examination of 20 mm3, and two-thirds of the
N1 cases plus one-third of the N2 cases found by the
examination of 10 mm3, are expected to be diagnosed
as negative, while all others should be positive in the
respective examinations.
The correction factors shown in Table 2 are

calculated by dividing the estimated numbers of
positive cases to be found by examination of 20 mm3
or 10 mm3 by the number of positives observed in
the examination of 30 mm3. In Yoron, where the
microfilarial density of the population was high, the
correction factors for 20 mm3 and 10 mm3 were 0.960
and 0.880, respectively; it can be estimated that
the positivity rate of 15.40% found by examination

of 30 mm3 would be reduced to 14.8% for 20 mm3
and 13.6% for 10 mm3. On the other hand, in Iki,
where the density was lowest, the correction factors
for 20 mm3 and 10 mm3 were 0.868 and 0.616,
respectively, and estimates show the positivity rates
that would have been found with smaller blood
volumes to be remarkably lower (1.21 % for 30 mm3,
1.05% for 20 mm3, and 0.75% for 10 mm3).

It is important to note that the correction factors
are dependent on the distribution of microfilarial
density in a population, but not entirely on the
positivity rate. Therefore, the correction factors
have no set values that are applicable to certain
positivity rates. For example, the positivity rate of
0.41 % in Kumamoto was much lower than that of
1.21 % in Iki, but the median microfilarial density
was higher in Kumamoto, leading to larger correc-
tion factors, as shown in Table 2.

Estimation of detection rate from positive grade
distribution. Another advantage of examining 2 or
more samples from all individuals in a population is
that such a system allows one to make mathematical
estimates of the detection rate of the diagnostic
method in use, and to calculate the theoretical
positivity rate of the population including potential
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microfilaria carriers diagnosed as negative in the
survey. Moriya (1954) proposed a method of
estimating the reliability of diagnostic methods for
detecting helminth eggs in faecal samples from a
population by means of the Neyman best asymptoti-
cally normal estimating method. The method was
used by Hayashi (1959) for evaluating separately
the effects of drug treatment and vector control on
malayan filariasis in Hachijo-koshima, and by Sasa
(1963b) for calculating the detection rate and the
estimated positivity rate of bancroftian micro-
filaraemia in Ehime, Amami, and Ryukyu. The
method requires a fairly complicated mathematical
calculation, but the information it gives is considered
to be of great use in evaluating the results of micro-
filaria surveys.

In our present system of collecting 3 10-mm3 blood
samples from each person, the numbers 6f persons
with 3, 2, 1, and no positive films are designated
N3, N2, N1, and No, respectively. The proportions of
persons with these positive grades, and additional
values necessary for the estimation of detection rates,
are obtained from the following equations:

q1=N1/N, q2=N2JN, q3=N3/N (1)
(where N is the total number examined)
al=3q3, a2=-2q2, a3=3q, (2)
a=qlal +q2a2+q3a3 (3)
Sa2=qla2 +q22a22 +q3a32-a2 (4)
F* =3qlq3-q22 (5)

P=Iq[1q F*(aL -a)Isa2]
P2= q2 [1 -F*(a2-)Isa2] (6)
P3= q3 [1 -F*(a3-a)Isa21 J

The detection rate in the examination of a unit of
sample, d, and the estimated positive rate in the
population, p, are obtained as follows:

d =(P1+P03/P33 (7)

p =P3/ (P1+P2) (8)

In Yoron, the observed values for 3 10-mm3 blood
films were N=4825, N1=88, N2=91, and N3=564;
qL=0.01824, q2=0.01886, and q3=0.11689; thus
a, =0.3507, a2 =-0.0377, and a3 =0.0547. Therefore,
a=0.01208, a2=0.0001459, and sa2=0.002474, and

thus F*=0.006041, P1=0.00318, P2=0.02115, and
P3=0.10473. The detection rate with a 10-mm3 blood
film for this population was p =0.8693, and the

estimated positivity rate in the population was
a=0.1594. By applying the same method for Iki,
where the values of N, Nt, N2 and N3 were 42 066,
201, 184, and 124, respectively, the results were
p=0.5556 and a=0.01289.
The above results show that about 87% of the

microfilaria carriers in Yoron and 56% of those in
Iki were detected by the examination of a 10-mm3
blood film; thus, the detection rate with the same
method was found to differ greatly in the two
populations, depending upon differences in the
distribution of microfilarial density. The number of
blood films or the volume ofblood to be examined for
detecting 90% or 99% of microfilaria carriers also
differs, depending upon the population concerned.
In general, when the estimated detection rate with
a unit of blood sample for a population is p, the
percentage of microfilaria carriers to be diagnosed as
positive by examinations of k units of blood samples
is: Pk=l-(I-Y)k. The correction factor for
converting the positivity rate obtained by the exami-
nation of u units into that obtained by the examina-
tion of v units is obtained by dividing the value of
P, by that of P.. Applying the above formula to
the results obtained in Yoron, theoretical correction
factors of 0.984 and 0.871 are obtained for correcting
the results of the examination of 30 mm3 into those
that would be obtained by the examination of
20 mm3 and 10 mm3, respectively. These factors are
close to the observed values of 0.960 and 0.880.
The above mathematical method is also useful in

estimating the number of potential microfilaria
carriers among persons diagnosed as negative at the
examination. For example, in the examination of
4825 persons in Yoron the total number of cases
diagnosed as positive by 30-mm3 examinations was
743 and the observed positivity rate was 15.40%;
the estimated positivity rate was 15.94% and thus
769.1 persons were estimated to be carrying micro-
filariae. In Iki, where 42 066 persons were examined,
the observed and estimated positivity rates were
1.21 % and 1.29% respectively; the observed and
estimated numbers of microfilaria carriers were 509
and 542.7, respectively, showing that 33 cases
existed among the negative group whose micro-
filariae were overlooked by chance in 30-mm3 exami-
nations (not including those overlooked because of
technical errors).

Microfilarial density
In order to use the results of microfilarial counts to

compare the intensity of infection among populations
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TABLE 3. FREQUENCY DISTRIBUTION OF MICROFILARIAL COUNTS (PER 30 mm3 BLOOD SAMPLE) AND OTHER
BLOOD SURVEY DATA, SETOUCHI AND UKEN DISTRICTS, SEPTEMBER 1964

Frequency distribution according to microfilarial count a

1 2 3 4 5 6 7 8 9 10

48 30

3 2 5

25 16 14 11 13 11 11

4 1

2

2

3

6 1

2

3 2

i I I 1

2

104, 105, 105, 117, 117, 126, 133,

151, 154, 181, 195

258

Sub- Cumu-

total lative
total

236

46

18

9

4

2

3

2

4

11

236 69.8

282

300

309

313

315

318

319

321

325

336

83.4

88.8

91.4

92.6

93.2

94.1

94.4

95.0

96.2

99.4

1 337 99.7

1 338 100

Total 8

Total population: 22 638. Number examined: 9 990. Proportion examined: 44.0 %. Number negative: 9 644. Proportion posi-
tive: 3.46%. Total microfilarial count: 5216. Average microfilarial count: per positive case: 15.43; per person examined: 0.522.
Microfilaria-positive grades: N3: 144; N2: 85; N,: 109; total: 338.

a For microfilarial counts of 1-100, the count is read by adding the numbers in the first vertical column and the first horizontal
line. For example, counts of 0-10 are recorded on the line opposite 0, counts of 11-20 on the line opposite 10, and so on.
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in different endemic areas, or to evaluate the effects
of control measures applied to a population, it is
essential to elucidate the frequency distribution per
unit of blood sample. Various approaches have been
made in the past by different authors, but compara-
tive studies of populations in endemic areas have
shown that the frequency distribution of micro-
filaria-positive cases is usually logarithmically
normal (Sasa, 1966).

In collecting data for analytical studies of micro-
filarial density, it is convenient to use a form such as
that shown in Table 3. When blood samples of
20-30 mm3 are examined, the numbers of cases with
1, 2, 3, etc. up to 100 microfilariae are entered in the
appropriate squares of the upper part of the form;
cases with counts exceeding 101 are rather rare and
may be recorded individually in the lower part of the
form, according to class intervals of 100. The
bottom of the form has space for additional data,
such as the total number of cases examined, the
number with no microfilariae, the over-all micro-
filaria-positive rate, the total microfilarial count, and
the average count per person examined and per
positive case.

It has been shown, from the results of microfilaria
surveys in a number of areas with varying levels of
endemicity, that the probit values of cumulative
percentages of microfilaria-positive cases (not in-
cluding negatives) are distributed almost on straight
lines when plotted against logarithms of the corre-
sponding microfilaria counts. Such a relationship
implies that the frequency distribution is logarithmi-
cally normal. In order to draw such a regression line
from the data in Table 3, it is convenient to draw up
a table similar to that shown in Table 4. Column (A)
indicates class intervals of microfilarial counts,
adapted for a logarithmic scale. The numbers of
cases with corresponding microfilarial counts are
entered in column (B), and their cumulative numbers
(i.e., subtotals) are shown in column (C). The
cumulative percentages, obtained by dividing the
numbers in column (C) by the total number of
positive cases, are given in column (D), and the
probit values-column E-corresponding to these
percentages are obtained by using a Bliss conversion
table, which is available in many biostatistical text-
books (e.g., Fisher & Yates, 1957). If logarithmic
probability paper (such as that which is commonly
used for drawing log-dosage probit-mortality regres-
sion lines in insecticidal studies) is available, the
cumulative percentage values may be directly plotted
without making conversions into probits. Fig. 1 is

TABLE 4
FREQUENCY DISTRIBUTION OF MICROFILARIA-POSITIVE
CASES BY DENSITY PER 30 mm3 BLOOD SAMPLE, SOUTH

AMAMI DISTRICT (SETOUCHI & UKEN), 1964

Microfilarial
Frequency Cumulative Cumulative Probitcount Frqec frequency percentage

(A) (B) (C) (D) (E)

1 57 57 16.9 4.14

2 48 105 31.1 4.51

3 30 135 39.9 4.74

4 25 160 47.3 4.93

5 16 176 52.1 5.05

6 14 190 56.2 5.16

7 11 210 59.5 5.24

8 13 214 63.3 5.34

9 11 225 66.6 5.43

10 11 236 69.8 5.52

11-20 46 282 83.4 5.97

21-30 18 300 88.8 6.22

31-40 9 309 91.4 6.37

41-50 4 313 92.6 6.45

51-60 2 315 93.2 6.49

61-70 3 318 94.1 6.56

71-80 1 319 94.4 6.59

81-90 2 321 95.0 6.65

91-100 4 325 96.2 6.77

101-200 11 336 99.4 7.14

201-300 1 337 99.7 7.32

301400 1 338 100 -

an example of such a regression line obtained from
the data given in Table 4.
Where the frequency distribution of microfilaria-

positive cases (according to microfilarial density) is
logarithmically normal, the regression line may be
represented by the simple equation:

y=a+b log x
where y is the probit of cumulative frequency at a
density of x microfilariae, and a and b are the
constants that determine the position and slope of the
regression line. Although there are generally
applicable mathematical methods for obtaining the
most reasonable estimates of these values from the
observed data (as described by Finney, 1952), it is
usually sufficient for our purpose to draw the line by

10
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FIG. 1
REGRESSION LINE OF CUMULATIVE PERCENTAGE

OF MICROFILARIA-POSITIVE CASES
AGAINST MICROFILARIAL DENSITY IN LOG-PROBIT

SCALE, SOUTHERN AMAMI, 1964

a simple visual fitting, as shown in Fig. 1. The value
of a corresponds to the percentage of cases with a

microfilarial count of 1 (or zero in logarithm), and
b is the regression coefficient that determines the
slope of the line. The 50% level of microfilarial

av
0e
-M

a)
p

1-

Microfilarial count per 30 mm3

density (MfD50, or median microfilarial count) is
obtained by reading the value of x at the point where
the regression line crosses the probit 5 (50 %) level, or
by solving the equation log x=(5-a)/b. The
standard deviation s is the distance on the horizontal
axis between the points at which the regression line
crosses probit 5 (50%) and probit 6 (84.1 %).
Through comparative studies of data obtained

from a number of areas where bancroftian filariasis
is endemic, the author has shown that the above
relationship is generally applicable so long as a
survey is properly carried out, and that the micro-
filarial density of a population can be represented by
values of the two factors a and b. It has also been
pointed out that regression lines drawn with data
from highly endemic areas may tend to curve
upwards in the zone of high microfilarial counts
(e.g., over 100 per 30 mm3), probably because of
density effects (Sasa, 1966). Fig. 2 is based on
results, collected by the author and his associates,
of the National Filariasis Control Programme in
Japan, and on those reported by Kessel (1957) from
Tahiti. The values of a and b obtained from the
regression lines are shown in Table 5 and Fig. 3,
together with information on the microfilarial rates
and the median microfilarial counts observed in
these endemic areas.

Fig. 2 and 3 show that where filariasis is highly

8

0/
~7

2,_._ 6_

5

_ 4 FIG. 2

CUMULATIVE PERCENTAGE
DISTRIBUTION OF MICROFILARIA-

500 1 000 POSITIVE CASES BY
MICROFILARIAL DENSITY IN

anc 71440 DIFFERENT ENDEMIC AREAS
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TABLE 5

MICROFILARIA-POSITIVE RATE AND SOME VALUES a RELATED TO FREQUENCY
DISTRIBUTION OF MICROFILARIAL DENSITY ACCORDING TO ENDEMIC AREAS

Positive [ Regression line1
Area Year Number Positives parameters a Mf-1b MfDso

__________ - ~~~~examined Nubr I_____ JNumber % a b

Yoron 1962 4 864 749 15.40 3.60 1.15 8.1 16.6

Tokuno-shima 1962 10.642 1 254 11.78 3.67 1.16 9.2 14.1

Okierabu 1962 9 598 1 109 11.55 3.88 1.30 13.1 7.3

South Amami 1962 13 797 1 541 11.17 3.71 1.29 10.6 9.2

Tane-Yaku 1962 12 473 526 4.22 3.71 1.61 9.9 7.1

Kagoshima 1962 63 061 1 530 2.43 3.88 1.56 13.1 5.2

Nagasaki 1962 202 941 2 660 1.31 4.12 1.62 18.9 3.4

lki 1962 10 291 125 1.21 4.47 1.48 29.8 2.3

Ehime 1958-65 325 288 504 0.15 3.76 1.63 10.8 5.7

Kumamoto 1964-65 56 524 231 0.41 4.34 1.67 25.5 2.5

a Obtained from the regression line y= a + b log x.
b Percentage of cases with a microfilarial count of 1, as estimated from the regression line.

prevalent and the microfilarial density of the considered to be good indications of endemicity.
population is high, the regression line stays in a lower Under such a relationship the median value
position with a smaller slope than in areas with lower (MfD50) of microfilarial density is considered to be
endemic levels. The values of a and b obtained in more reliable than the arithmetic mean, or average
highly endemic areas are usually small, and both are microfilarial density. It is more useful to give, for each

FIG. 3

VALUES a OF REGRESSION LINE
PARAMETERS aAND b IN DIFFERENT
ENDEMIC AREAS BEFORE CONTROL

a Calculated from the regression line
y = a + b log x.

x South Pacific Islands (data from
Kessel, 1957)
O Japan
* Ceylon (data from Abulcader &

Sasa, 1966)
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population, two values that determine the regression
line-e.g., the percentage of cases with a micro-
filarial count of 1 and MfD5O (the last two columns
in Table 5).

EVALUATION OF CONTROL MEASURES

Previous experience in the control of filariasis by
various measures has shown that an effective project
results in the reduction of microfilariaemia in a
population. This has been particularly true in drug
control programmes, and various methods have been
proposed for evaluating the effectiveness of drugs
from the results of microfilaria surveys. Reduction of
microfilaraemia is also expected when vector-control
programmes are undertaken, but the effects are
more difficult to assess owing to the extremely long
life-span of the parasite in an already infected popula-
tion, and also to the unusually long prepatent period
before microfilaraemia is detectable in new cases.
The effects of control measures applied to a popu-

lation are seen in different ways, such as a reduction
in the microfilaria-positive rate, a reduction in micro-
filarial density, and a reduction in various clinical
manifestations. The effectiveness of a drug control
programme depends on two principal factors: the
percentage of microfilaria carriers subjected to drug
treatment and the amount of the drug administered
to each carrier. In evaluating the effectiveness of
such a programme, it is desirable to adopt a survey
method by which the effects of these factors can be
studied analytically.
Reduction in microfilarial rate
An effective filariasis control programme always

results in a reduction of the microfilaria-positive
rate, and the degree of reduction is obviously an
index of effectiveness. With a standard total dose of
diethylcarbamazine of about 72 mg/kg of body-
weight administered in 12 separate doses, it has been
found that 80 %-90% of the previously positive cases
are negative at the post-treatment examination; how-
ever, the extent of the reduction varies from one
endemic area to another, depending principally on
the intensity of infection in the populations. For
comparing the results of two blood surveys made
before and after application of a control measure,
it is recommended that the results be recorded in a
form similar to that of Table 1. The effectiveness of
a control measure should be evaluated by analytical
study of each category and also of the total; the
result of a single comparison of the positivity rates is
often misleading. If the percentage of " first positive,

second negative" cases is significantly higher than
that of " first negative, second positive " cases, the
control measure applied between the two blood
surveys may be considered effective.

Microfilaria-positive grade and detection rate
In our experience, blood surveys made with the

three-smear method have been found to supply use-
ful information. As previously explained, all indivi-
duals examined by this method may be classified in
one of four groups, depending upon the number of
positive and/or negative films obtained from them.
The theoretical rate of detection of microfilaria-
positive cases (p) in the population achieved by
examination of a given volume (such as 10 mm3) is
obtained by Moriya's method, and the detection
rate achieved in the examination of k units of sam-
ples may be obtained by the formula:

Pk = I-(lIj,)k
Using the above relationship, Hayashi (1959) made

an analytical study of the effects of diethylcarbama-
zine treatment and of vector-control measures on
malayan filariasis in Hachijo-koshima Island. The
results were also discussed by Sasa et al. (1959). In
about 10 surveys of 50 inhabitants of this island
made during 1950-58, 3 drops of blood from each
person were examined, and the estimated detection
rate with 1 drop was about 56.46% (the drops were
unmeasured, but their volume was about 20 mm3).
The detection rate with the 3 drops was thus esti-
mated to be 92%, as obtained from the formula
p3=l- (1 -0.5646)3. If the status of infection in a
population is stable and no effective control measures
are applied, 92% of the cases diagnosed as positive
in the first survey are expected to be diagnosed as
positive again in the second survey, while 8% are
expected to be diagnosed as negative although they
may still harbour microfilariae. Furthermore, 8%
are expected to be found positive in the group pre-
viously diagnosed as negative. The following general
formulae (after Hayashi, 1959) may be used for
obtaining the expected numbers from the observed
data (N is the total number examined and p the
detection rate; it is assumed that no change in the
status of infection occurs between the two surveys):
Results of Results of Number

first survey second survey observed

Pos.
Pos.
Neg.
Neg.

Pos. A

Neg. B
Pos. C

Neg. D
Total: N

Number
expected

(A+B) p
(A+B) (l-p)
(A+B) (l-p)

N-(A+B) (2-p)
N
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Should significant differences be found between the
observed and expected numbers, it is possible that a

change in the status of infection occurred during the
period of study.
Information on the rate of detection of micro-

filaria carriers gathered by a standard method is also
useful in deciding on the amount of blood to be
examined for certain purposes. As discussed pre-

viously, the detection rate is dependent upon the
frequency distribution of the microfilarial count of
the population, and thus it decreases as the percent-
age of cases with low microfilarial counts increases-
e.g., after microfilaria carriers are treated with
diethylcarbamazine. For example, in a blood survey

made before drug treatment in Miyako Island,
Okinawa, Kanda (personal communication) found
that 11 963 cases (20.17%) of 59 312 were positive,
and the numbers of cases with the positive grades of
3: 3, 2: 3, and 1: 3 were 8144 (68.1%), 1828 (15.3%),
and 1992 (16.7 %), respectively. In the post-treatment
blood surveys of the previously positive cases,

2079 cases (20.31 %) of 12 352 were found to be still
positive, but the positive-grade ratios had changed to
27.8%, 24.1 %, and 48.1 %, respectively. The results
indicate that the percentage of cases with only 1 or

2 positive films (of the 3 films examined) increased
remarkably after treatment with diethylcarbamazine.
The detection rate (by examination of a single
10-mm3 smear) estimated from the above figures was
0.774 before drug administration, but it dropped to
0.449 in the post-treatment blood survey.

The detection rates in the examination of blood
samples of different volumes may be easily estimated
by means of the formula given above. As shown in
Table 6, about 95% of microfilaria carriers are

expected to be detected by the examination of
20 mm3 before treatment, but in a post-treatment
survey one must examine 50 mm3 to expect the same
detection rate.
The distribution of the different positive grades is

also an index by means of which the effectiveness
and adequacy of a drug control programme can be
evaluated. When a drug is efficiently administered
in sufficient doses to every microfilaria carrier, it
brings about not only a remarkable reduction in
microfilarial rate, but also a decrease in the micro-
filarial density of positive cases (although they may
not become completely free from microfilariae). The
distribution of positive grades in post-treatment
examinations thus reflects whether or not the drug
control has been adequately carried out. In Miyako,
for example, the drug was administered to all

TABLE 6
RATES OF DETECTION OF MICROFILARIA CARRIERS
IN PRE-TREATMENT AND POST-TREATMENT BLOOD
SURVEYS, MIYAKO, ACCORDING TO VOLUME OF BLOOD

SAMPLE a

Volume of Detection rate

examined Pre-treatment Post-treatment_____ned survey survey

10 mm3 0.774 0.449

20 mm3 0.949 0.606

30 mm' 0.988 0.833

40 mm3 0.997 0.908

50 mm3 0.9996 0.948

60 mm' 0.99987 0.971

a Calculated from the formula Pk = 1- ( - P) k

microfilaria carriers under strict supervision of
health officers, and the distribution of positive grades
was radically changed, as noted above, with a
remarkable increase in the percentage of cases having
only 1 or 2 films positive. In the post-treatment
examination in Amami Island (Ryukyu Islands) in
1963, where treatment of microfilaria carriers was
carried out under less satisfactory conditions,
2887 (76.4 %) of 3780 previously positive cases
were found to be negative, but the distribution of
positive grades observed in 493 cases was as fol-
lows: 3:3, 46.0%; 2:3, 24.1 %; 1:3, 29.8%. In
Tokuno-shima Island, on the other hand, a post-
treatment survey in the same year showed ratios of
29.6%, 25.7 %, and 44.8 %, respectively, in a total of
230 positive cases; these figures, which are similar
to those for Miyako, suggest that the programme in
Tokuno-shima was more successful than that in
Amami (Table 2).

Changes in microfilarial density of the population
Experience with the use of diethylcarbamazine in

control programmes has shown that when adminis-
tered to microfilaria carriers in a population it not
only reduces the positivity rate, but also changes the
microfilarial density of the population. As reported
by Kessel (1957), the average microfflarial density
of both the whole population and the positive cases
drops remarkably after an effective drug control
programme.
To evaluate the effectiveness of a control measure

on the microfilarial density of a population with
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TABLE 7
FREQUENCY DISTRIBUTION OF MICROFILARIAL DENSITY BEFORE AND AFTER ADMINISTRATION

OF DIETHYLCARBAMAZINE

Tahiti (per 20 mm3) a North Amami (per 30 mm') b

Microfilarial Before treatment After treatment Before treatment After treatment
density- Frequency | Cumulative Frequency Cumulative

____________ ___________ ___________ I requency um~~~~~~~~jative Frequency Cumulative~~~

2

3

4

5

6

7

8

9

10

11-20

21-30

3140

41-50

51-60

61-70

71-80

81-90

91-100

101-200

201-300

301-400

401-500

501-600

601-900

over 900

14

10

i8

8

.7

.4

15

3

3

4

10

12

6

12

6

10

6

6

23

20

9

7

6

7

3

5.5

9.4

12.5

15.7

18.4

20.0

25.9

27.1

28.3

29.8

44.0

47.8

52.5

54.9

59.5

61.9

65.8

68.1

70.6

79.6

87.5

91.0

93.7

96.1

98.8

100.0

11

6

6

4

2

5

3

10

7

3

5

5

0

0

3

14.7

22.6

30.6

36.0

38.6

45.2

46.6

50.6

52.0

53.3

66.6

76.0

80.0

86.6

93.3

94.7

96.0

96.0

96.0

100.0

10

4

5

11

6

7

2

2

4

2

35

15

20

13

11

11

7

8

.5
26

8

6

0

3

4.5

6.4

8.6

13.6

16.4

19.1

20.4

20.9

22.8

23.6

39.6

46.4

55.5

61.3

66.3

71.2

74.5

78.0

80.4

92.3

95.9

98.6

98.6

100.0

47

32

26

3

15

10

5

9

4

5

31

12

4

3

3

2

1
0

3

3

0

Total | 255 - | 75 - 220 220

21.4

35.5

47.7

49.1

55.9

60.4

62.7

66.7

68.5

70.8

85.0

90.5

92.3

93.6

94.1

95.5

96.6

96.8

96.8

98.2

99.6

99.6

100.0

a After Kessel (1957).
b From records of Nase Health Centre, Amami, 1963.

statistically more reliable measures than simple
mathematical averages, the method of frequency-
distribution analysis discussed above has been found
useful. The frequency distribution of microfilaria-
positive cases according to microfilaria count has
been found to follow a log-normal pattern after
treatment with diethylcarbamazine and remarkable

changes in the values of a, b, and MfD50 have been
found to occur after application of an effective drug
control scheme.

Microfilarial density before and after drug treat-
ment. The effectiveness of a drug treatment scheme
may be evaluated not only by the percentage of
previously positive cases that are found to be nega-
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FIG. 4
REGRESSION LINES OF CUMULATIVE
PERCENTAGE DISTRIBUTION OF
MICROFILARIAL DENSITY BEFORE
AND AFTER DIETHYLCARBAMAZINE
TREATMENT, TAHITI a

a Data compiled from Kessel (1957).

tive in post-treatment blood surveys, but also by the
reduction in microfilarial density in those who
remain positive. In our experience, the effectiveness
of diethylcarbamazine is highly dependent on the
total amount administered to individual cases, and
in a drug control scheme in which sufficient doses
are administered to all microfilaria carriers, a large
proportion of previously positive cases become
negative, the remainder showing decreased parasit-
aemia. In Tahiti, as reported by Kessel (1957), an

extensive mass drug treatment programme led to a

decrease in the microfilaria-positive-rate from 30.9%
to 3.1 % after administration of monthly doses of
6 mg/kg of diethylcarbamazine. However, the positiv-
ity rate was found to increase gradually after an

elapse of years. Table 7 and Fig. 4 show compara-

tive figures for microfilarial density in Tahiti before
and after treatment. From the regression lines, it
can be shown that the values of a and b increased
from 3.13 to 3.56 and from 1.11 to 1.39, respectively,
while MfD50 decreased from 47.4 to 10.7. Similar
changes in regression-line values have also been
observed in other areas after administration of
diethylcarbamazine (Table 8). The extent of such
changes is considered to reflect the effectiveness and
adequacy of the respective control procedures.
The data for northern Amami given in Table 7

and Fig. 5 cover only cases that were still positive

TABLE 8

FREQUENCY DISTRIBUTION OF MICROFILARIAL
DENSITY BEFORE AND AFTER DIETHYLCARBAMAZINE

TREATMENT, BY VALUES a OF a, b, AND MfDso

Regression line
Area Status parameters MfDso

a b

Tahiti Before treatment 3.13 1.11 47.4

After treatment 3.56 1.39 10.7

Samoa Before treatment 3.28 1.14 32.4

After treatment 4.04 1.45 4.54

Amami Before treatment 3.06 1.34 28.0

After treatment 4.12 1.48 3.9

Galle Before treatment 3.66 1.72 6.0

After treatment 3.98 1.75 3.8

Dehiwala Before treatment 3.75 1.90 4.6

After treatment 4.01 1.84 3.5

Negombo Before treatment 3.83 1.70 4.8

After treatment 3.96 1.97 3.4

a Calculated from the regression line y = a + b log x.
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FIG. 5
FREQUENCY DISTRIBUTION OF MICROFILARIAL DENSITY

IN CASES WHO WERE POSITIVE IN BOTH PRE- AND
POST-TREATMENT SURVEYS,PNORTHERN!AMAMI, 1963

95
a, 90ns

- 80
CL70
- 60
-= 50

C3 40
30
20

10

5

in the post-treatment survey, and do not include
previously positive cases that were negative after
treatment. (It should be noted that the figures for
Amami are not comparable with those for Tahiti
given in the same table, since different volumes of
blood were examined in the two areas.) Since most
members of such a group of microfilaria carriers
have high densities, differences in the regression
lines show up more remarkably than if all positives
were included.

Evaluation of effects on the whole population. The
effects of a control measure applied to a population
in an endemic area may be evaluated by comparative
study of the frequency distribution of all positive
cases, while the control programme is in progress.
Table 9 and Fig. 6 give some data collected from the
records of annual blood surveys made in the Uken
and Setouchi districts of southern Amami. The data
for each year include all positives detected in the
survey (including new positive cases who had not,
at the time of the survey, been treated with diethyl-
carbamazine). According to a 1962 census, these
districts had a population (over 12 months old) of
26 642, of whom 13 797 (51.8%) received the initial
blood examination in 1962; and 1568 of this group
(11.36 %) were positive. Diethylcarbamazine was
given to all positive cases (but not to the negatives);
about two-thirds are estimated to have taken a full

dose of 72 mg/kg. Such a programme ofannual blood
surveys and administration of diethylcarbamazine to
microfilaria-positive cases has been repeated during
the past 4 years.
As shown in Table 9, the proportion of people

subjected to the blood examination was 42.6% in
1963, 37.5% in 1964, and 32.6% in 1965, so the
population coverage was never satisfactory. How-
ever, due to the effects of the drug treatment, the
microfilaria-positive rate dropped remarkably year
by year: 11.36% in 1962, 5.70% in 1963, 3.46% in
1964, and 1.45 % in 1965. The microfilarial density of
positive cases, as estimated from the regression lines,
also showed a remarkable decrease, the MfD,0
values being 9.14 in 1962, 3.75 in 1963, 4.84 in 1964,
and 2.74 in 1965. It should be pointed out that
although the positivity rate in 1964 was lower than
that in 1963, the density showed an increase a
further indication that the two indices are independ-
ent in evaluating the effects of a control measure.

Side-reactions to treatment. It has been pointed
out by Sasa et al. (1963) that some of the side-
effects of diethylcarbamazine, such as nausea and
vomiting, are dependent on the dose of the drug ad-
ministered but not on the microfilarial density of the
patients, while the rate of other side-reactions, such
as fever and chills, is highly correlated with the micro-
filarial level at the time when the drug is administered.

FIG. 6

CUMULATIVE FREQUENCY DISTRIBUTION OF
MICROFILARIA-POSITIVE CASES,

SOUTHERN AMAMI, 1962-65
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TABLE 9
MICROFILARIA-POSITIVE RATES AND FREQUENCY DISTRIBUTION OF MICROFILARIA-POSITIVE CASES

IN SETOUCHI-UKEN DISTRICT, SOUTHERN AMAMI

Year 1962 1963 [ 1964 1965

No. examined 13 797 11362 | 990 8688

% examined 51.8 42.6 37.5 32.6

No. positive 1 568 648 346 166

% positive 11.36 5.70 3.46 1.91

Regression
line
parameters:

a 3.75 4.14 4.00 4.73

b 1.31 1.50 1.46 1.45

MfD.s 9.14 3.75 4.84 2.74

Microfilarial nc multive Frqe Cumulative Feun Cumulativ Cumulative
count Frequency Cum%a Frequency % Frequency e Frequency C

(per 30 mm")

2

3

4

5

6

7

8

9

10

11-20

21-30

31-40

41-50

51-60

61-70

71-80

91-90

91 -100

101 -200

201-300

301-400

401-500

501-600

140

105

77

64

47

59

38

30

46

43

197

95

69

64

44

27

25

12

16

60

11

4

3

1

11.0

19.2

25.2

30.3

34.0

38.6

41.5

43.9

47.5

50.9

66.4

73.8

79.1

84.1

87.6

89.7

91.6

92.6

93.8

98.5

99.4

99.7

99.9

100.0

85

40

31

15

13

12

16

12

11

5

46

20

8

12

4

2

3

0

0

7

24.9

36.6

45.6

50.0

53.8

57.3

62.0

65.5

68.7

70.2

83.6

89.5

91.8

95.3

96.5

97.1

97.7

97.7

97.7

99.7

100.0

57

48

30

25

16

14

11

13

11

11

46

18

9

4

2

3

2

4

11

16.9

31.1

39.9

47.3

52.0

56.1

59.5

63.3

66.6

69.8

83.4

88.8

91.4

92.6

93.2

94.1

94.4

95.0

96.2

99.4

99.7

100.0

51

21

14

4

9

5

6

6

3

17

11

2

2

1
0

4

0

0

0

32.3

45.6

54.4

57.0

62.7

65.8

69.6

70.3

74.1

75.9

86.7

93.7

94.9

96.2

96.8

96.8

99.4

99.4

99.4

99.4

100.0
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TABLE 10
RELATIONSHIP BETWEEN THE MICROFILARIAL DENSITY AND HIGHEST BODY TEMPERATURE

OBSERVED IN THE COURSE OF DIETHYLCARBAMAZINE TREATMENTa

Microfilarial No. of cases with the highest body temperature of:
Group dose count

(per 30 mm3) Under 37.2°C 37.3-37.6°C 37.7-38.0°C 38.1-38.4°C 38.5-38.9°C Over 38.9°C Total

Masana & Sumiyoshi

Over 101 3 4 1 6 3 2 19

2mg/kg 31-100 5 7 5 3 2 1 23
daily
11-30 11-30 4 10 6 3 1 0 24

4-10 3 9 2 1 0 0 15

1-3 6 2 3 0 0 0 11

0 10 1 2 0 0 0 13

Total 31 33 19 13 6 3 105

Ashiken, Azefu & Tamashiro

Over 101 0 1 7 3 0 0 11

8 mg/kg 31-100 7 2 8 5 1 1 24

11-30 22 16 7 2 1 0 48

4-10 22 8 2 0 0 0 32

1-3 20 9 1 0 0 0 30

0 35 5 1 0 0 1 42

Total 106 41 26 10 2 2 187

a Data from Sasa et al. (1963).

a

_

-W

o
.C

Mi crof I ari al count per 30mm'
WHO 71'44

FIG. 7
RELATIONSHIP BETWEEN MICROFILARIAL COUNTS OF
CARRIERS AND FEVER ATTACK RATE AFTER
DIETHYLCARBAMAZINE TREATMENT a, b

E Body temperature 37.3°C-38.0°C.

E] Body temperature above 38.1°C.
a Diethylcarbamazine was administered in daily doses of

either 2 mg/kg or 8 mg/kg, as indicated in the diagram.
b From Sasa et al. (1963).
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In this study, the authors classified persons under
observation according to microfilarial levels in a
logarithmic scale (0, 1-3, 4-10, 11-30, 31-100, and
over 100 microfilariae per 30 mm3). This classifica-
tion was based on the assumption that, since the
microfilarial density in a population is logarithmic-
ally normal in distribution, such a scale is compar-
able to the usual arithmetic class intervals in a popu-
lation with a normal distribution. It was hoped that
a reasonable estimate of the causes of side-effects

could be made on the basis of the correlation be-
tween microfilarial levels and the attack rate of each
side-effect. Table 10 and Fig. 7 show an example of
the correlation between the microfilarial density and
the grade of fever reaction in 2 groups of people
who received daily doses of 2 mg/kg and 8 mg/kg,
respectively. The correlation clearly shows that
information on frequency distribution is useful in
estimating the causes of side-effects in a drug
treatment programme.

RJESUM

Pour l'auteur, l'emploi de methodes standardise'es
d'examen et d'analyse des donnees est essentiel au cours
des enquetes parasitologiques sur la filariose. Celles qu'il
recommande ont et utilisees avec succes dans le cadre
d'operations de lutte contre cette maladie au Japon et
aux iles Ryu-Kyu.
On decrit les differentes phases de ce genre d'investi-

gations. En general, il existe une correlation franche
entre la prevalence des manifestations cliniques de la
filariose d'une part et les indices microfilariens d'autre
part. Une enquete preliminaire sur la frequence et la
nature des sympt6mes cliniques facilite le choix et la
delimitation des regions ofi une etude parasitologique
est necessaire. Les techniques immunologiques (tests
cutanes, epreuve de fixation du complement, reaction
d'immunofluorescence) sont utiles quand il s'agit de
verifier l'interruption de la transmission parmi la popu-
lation des regions d'endemie, mais elles ne peuvent
remplacer l'examen hematologique direct ni permettre le
depistage des sujets a traiter. Le nombre des personnes
a examiner au cours des enquetes de prevalence de la fila-
riose doit retenir l'attention. L'eradication de la maladie
implique un examen de sang de l'ensemble de la popu-
lation et le traitement selectif des porteurs de micro-
filaires. Des resultats remarquables ont e obtenus aux
iles Miyako oii 99,1 % des habitants ont e examines et
tous les porteurs de microfilaires (18,9%) soumis a la
chimiotherapie. Ce succes a e rendu possible grace
a une education sanitaire intensive de la population.
Les examens ont lieu tantot a l'occasion de visites a
domicile, comme a Ceylan, tant6t apres rassemblements
quotidiens d'un certain nombre de personnes, comme
au Japon et aux iles Ryu-Kyu.
Deux methodes sont en presence pour l'obtention des

echantillons: prelevement de gouttes de volume inde-
termine, ou r&olte d'une quantit6 definie de sang
(de 20 mm3 1 ml ou plus). Ce dernier proc;de donne
des resultats beaucoup plus precis. L'auteur utilise la
technique qu'il a decrite en 1963: pr6levement de 30 mm3

de sang au lobe de l'oreille et preparation de trois eta-
lements sur lame. La coloration a l'azur II-eosine est d'un
emploi facile et son prix de revient est pres de vingt
fois moins eleve que celui de la coloration de Giemsa.
Les resultats des examens parasitologiques doivent
etre chiffr6s et non exprimes par les mentions positif *
ou # negatif *. Un technicien entraine peut examiner
30-40 lames par heure, le rendement etant evidemment
fonction du taux de positivite des echantillons et de la
densite microfilarienne moyenne.

L'auteur expose en detail ses vues sur la maniere
d'interpreter les donnees foumies par ce genre d'enquetes.
II souligne les avantages mais aussi les lacunes des eva-
luations basees sur le nombre des porteurs de micro-
filaires. Certains cas echappent aux investigateurs par
suite des variations de la microfilaremie et des insuffisances
techniques. S'appuyant sur le raisonnement mathema-
tique, il explique les raisons qui plaident en faveur de
l'examen d'un minimum de trois frottis par personne,
et analyse les correlations entre les taux des porteurs
de microfilaires et les densites microfilariennes.
Pour apprecier l'efficacit6 de la lutte antifilarienne,

on doit tenir compte de la diminution du nombre des
porteurs, de la reduction de la densite microfilarienne
chez les sujets infectes et de la rarefaction des manifes-
tations cliniques de la maladie. Il semble que l'admi-
nistration d'une dose totale de 72 mg de diethylcarba-
mazine par kilogramme de poids corporel permette de
blanchir 80 a 95% des porteurs. La methode des
trois frottis donne des informations particulierement
utiles sur les variations du degre d'infection au sein
d'une population et montre s'il y a lieu de prelever le
cas echeant des echantillons de sang plus importants
(50 mm3 par exemple) lors des examens de contr6le
du traitement. La valeur d'un schema therapeutique
doit etre mesuree en se basant non seulement sur le
nombre de porteurs rendus negatifs, mais aussi sur la
reduction de la densite microfilarienne chez les sujets
restes positifs.
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