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INTRODUCTION

In recent years the necessity for some measure of the degree, as
well as the extent of hookworm infection in localities and
communities, has been realised by a number of investigators, e.g.,
Darling (1922) and Cort (1924). It is an obvious but, nevertheless,
largely ignored fact, that the percentage of individuals in whose
stools eggs can be found is far from giving a true index to the severity
of the hookworm situation, and yet, until very recently, this per-
centage has been accepted as the standard of measurement. The
fallacy of this standard is, perhaps, nowhere more evident than in
Bengal where, in spite of the fact that 70 per cent. or more of the
population are infected, the individual infections are, on the whole,
so light as to make hookworm disease in this province a comparatively
unimportant problem. A correct estimate of the need for hookworm
work and the judicious allocation of funds available for hookworm
campaigns, as well as the strategy of campaigns, should depend on
the degree as well as the prevalence of the disease. The relative
value of different control measures and of different methods of
treatment, also, can be correctly judged only by a consideration of
the reduction in amount as well as in the incidence of infection.
Hill (1923), for instance, showed that in certain areas in Porto Rico
an intensive campaign reduced the percentage of infection from
872 to 34'1, but it reduced the egg output, which was used as a

measure of the amount of infection, by 924 per cent.
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METHODS OF MEASURING INTENSITY OF INFECTION

They may be classed as follows: (1) eftects on host, (2) worm
counts after anthelminthic treatment, and (3) estimation of the
egg ouptut in the faeces.

Clinical symptoms, haemoglobin percentage and eosinophilia are
the principal factors used in measuring effects on the host. All
workers agree that the estimation of the amount of hookworm disease
on the basis of clinical symptoms is difficult and complicated by
differences in individual resistance, age, conditions of life, and
concurrent disease ; by the personal element in the classification of
symptoms and severity of cases; and by the difficulty in making
anything more than a very rough classification into light, moderate
and severe cases. Such a clinical classification is of value in giving
supplementary data as to the effects of the disease under local
conditions, and in demonstrating individual and racial resistance,
but it is of very little value, per se, as an indication of the degree
of hookworm infection in a community. One might as well attempt
to determine elevation on a mountain by reference to the permanent
snow line, without consideration of other circumstances.

The haemoglobin content of the blood, as a measure of the
degree of hookworm infection, is of little or no value in individual
cases, although some authors, e.g., Darling, Barber and Hacker
(1920), maintain that when sufficiently large numbers are averaged
the amount of anaemia is proportional to the number of worms.
Darling (1922) and Sawyer and Sweet (1922) have suggested definite
ratios between the number of worms harboured and the percentage
loss of haemoglobin. The haemoglobin content, however, is affected
by so many factors such as sex, work, age, malnutrition, and such
blood diseases as malaria, kala-azar, etc., that it can be used as
a measure of hookworm infection only within wide hmits. The
process of elimination of other causes of anaemia is long and tedious,
and in light cases there is usually no measurable drop in haemoglobin
content. In a study of 100 individuals in the Alipore Central Jail,
Calcutta, 67 of whom were infected with hookworm, but only six of
whom had more than 1,000 eggs per gram of faeces, no difference in
haemoglobin percentage between the infected and non-infected
individuals could be found. The average for the uninfected ones,
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according to the Tallquist scale, was 82:3, and for the infected ones
83. Two uninfected and only one infected case fell to 60 per
cent., whereas one infected and one uninfected case reached
95 per cent. Darling (1922) shows that, in especially selected homo-
geneous groups, it requires fewer worms to cause a given loss of
haemoglobin in a woman than in a man, and still fewer in a child,
and also that a given number of Ancylostoma duodenale produces
more anaemia than a similar number of Necator americanus, a fact
which is now quite generally recognised. It is very probable that,
as the number of worms increases, the haemoglobin content decreases
at an accelerating rate, since it would become increasingly difficult
for the patient to make good the loss produced by the worms.

Eosinophilia, as an indication of hookworm disease, is open to
much the same criticisms as is the estimation of haemoglobin,
since hookworm is only one of many causes of this condition.
Practically all helminth infections produce more or less eosinophilia.
Moreover, McVail (1922) observes that the eosinophilia in ankylos-
tomiasis is not proportional to the number of worms present, even
in uncomplicated cases, and he shows that kala-azar,.and to a less
extent malaria, is a powerful factor in reducing the eosinophilia
due to helminthiasis.

The counting of worms passed after anthelmintic treatment, as
a method of estimating the degree of infection in a community, is of
unquestionable value when it can be properly carried out, but the
difficulties involved are in most instances practically insurmountable.
Only a small number of persons, and these especially selected ones,
who can be relied upon to save all stools, can be examined in this
way at a reasonable cost. The method requires a trained personnel,
and cannot be left to subordinates; carelessness on the part of
patients or laboratory staff, the partial failure of anthelmintics, and
the loss of worms by maceration are all factors which interfere with
the accuracy of the results. Even with every precaution which
we have found practicable in the case of our hospital patients, we
have not infrequently found lightly-infected cases to become micro-
scopically cured after treatment, without finding any worms in the
stools. It has usually been assumed that the washing of stools for
48 to 72 hours after treatment is sufficient to recover all of the
worms passed, but even when a saline purge is given we have found
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worms in stools as late as the sixth day after treatment, and quite
frequently on the fourth day. Occasionally the stools have been
negative on the second or third day, and again contained worms on
the third or fourth day. For these reasons it is obvious that, however
desirable a method for estimating degree of infection the worm
count may be from a theoretical standpoint, it is certainly not in
most instances practicable, and is always expensive.

The estimation of degree of infection by the egg output in the
stools has very distinct advantages in the way of simplicity and
practicability, providing that the egg output actually indicates the
amount of infection. Even if this should prove to be true only to
a limited extent and only when considerable numbers of individuals
are averaged together, the knowledge of the number of eggs being
deposited on soil, as Payne, Cort and Riley (1923) and Hill (1923)
have pointed out, is, in itself, an important bit of information from the
point of view of the spread of the disease. It is the egg output,
and not the number of worms harboured or the clinical symptoms,
which measures the public health menace.

ESTIMATION OF EGG OUTPUT

A number of different methods of estimating the actual or
relative numbers of eggs in faeces have been utilised by different
workers. Most of the methods of microscopic diagnosis can be
used to give rough quantitative as well as qualitative information,
but few of them are well adapted to give accurate information on
this point. One of the first exact methods was Lane’s (1918)
‘ standardising count,” which is Howard’s centrifugal concentration
technique reduced to accuracy of measurement, but this was not
used for determining intensity of infection in groups or communities
of people. The method devised by Stoll (1923a) is the only one
which has been utilised in this way on a large scale. It is very
simple, consisting merely of accurate dilution of a weighed sample of
faecesin a decinormal NaOH solution, to clarify the fatty constituents
of the faeces, and the accurate counting of a carefully-measured
sample of the dilution. Lane (1924) has suggested the use of his
direct centrifugal flotation method for this purpose, but, excellent
as it may be for diagnosis, if the necessary apparatus is available,
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it does not seem to me to be well adapted for quantitative work
since, except where less than 500 eggs per gram are involved, the
difficulty and tediousness of counting the great number of eggs
thrown on the slide would counterbalance the advantage in reduced
area of examination. It would be necessary, if numerous eggs were
found, to repeat the process, using a much smaller quantity of stool,
which would involve both time and inaccuracy due to the difficulty
of measuring, say, o-I c.c. of stool.

The favourable results obtained by the use of Stoll’s egg-counting
method in Porto Rico led to a trial of it, with a few modifications, in
Bengal. We have modified Stoll’s method (1) by diluting the 3-gram
sample of faeces to go c.c. instead of 45 c.c.; (2) by counting the
eggs in a 0-3 c.c. sample of the dilution instead of o-15 c.c.; and
(3) by examining the preparation uncovered. There are several
advantages in these modifications. In searching for eggs on an
area of about two square inches on an uncovered slide, marked off
by means of a glass pencil, it was found that 0-3 c.c. of the faecal
suspension was necessary, under tropical conditions, to prevent the
preparation from partial drying before the examination was complete.
In order to get a sufficiently clear field for examination of ordinary
stools with this quantity of the suspension, a dilution of 1 to 30
instead of 1 to 15 was necessary. The greatest advantage of using
the larger amount of fluid and examining the preparation uncovered
lay in the ability lightly to blow aside the flocculent masses of débris
which often tend to hide the eggs, by gently puffing on the slide while
the examination is actually in progress. Camouflage of eggs by
débris is the most important source of error in all the techniques in
which accurate measurements of material are made. Lane (1923,
1924) gives convincing evidence of the loss of eggs by camouflage.
Maplestone (1924), in testing Stoll’s method, nearly always obtained
higher counts per gram when the faeces were further diluted before
the egg count was made, obviously due to overlooking of eggs as
the result of concealment in the more concentrated samples. By
using a suspension in decinormal NaOH on an open slide with
0-3 c.c. of fluid spread over an area of 2 square inches, it is ordinarily
possible, by gently blowing on the slide while making the examination,
to see practically 100 per cent. of the surface of the slide with sufficient
clearness to render the eggs easily visible. The eggs are heavier than
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the flocculent material which makes up the great bulk of the débris
on the slide, and, therefore, rest on the slide and remain visible
as the overlying material is puffed aside. Furthermore, one can
almost instantaneously determine whether or not an object which
resembles an egg is such, since its position can be slightly changed or
it can be rolled over by the same gentle puffing process. In very
concentrated formed stools, we sometimes find it necessary to
divide the 0-3 c.c. sample on two slides and dilute them further.

There are a few possible sources of error in this method which
may be briefly commented on. In the first place, the selection of a
3-gram sample of faeces should, when possible, be made from an
entire stirred stool, since the number of eggs contained in different
parts is not always the same. Making duplicate counts on two
samples from different parts of a single stool, the widest differences
we obtained were counts of 700 and goo eggs per gram on one
sample and 1,600 and 1,800 on the other. After stirring this stool,
examination of a third sample gave two counts of 1,200. In field
work it is usually not practicable to get entire stools, and counts
must be made on the samples submitted.. As will be subsequently
shown, however, the error arising from this, in individual cases, is
neutralised when 50 or 100 samples are averaged.

We have tested a number of diluting fluids but found that the
decinormal NaOH solution gave clear fields and more readily visible
eggs than any other fluid. Addition to the NaOH of 1'5 per cent.
NaCl had the effect of causing the faecal débris to clump together
into large light flocculent masses which could be blown about,
leaving a beautifully clear background on which the eggs showed up
with striking clearness, but the occasional entanglement of eggs in
these masses reduced its accuracy.

The thorough mixing of the samples in homogeneous suspensions
is sometimes slow and difficult, and it is easy to overlook small
masses of faeces which have failed to disintegrate. Unless carefully
watched, this is one of the most fruitful sources of error. When
available, a mechanical shaker is of great advantage. Settling of
eggs in the diluting fluid must also be carefully guarded against ;
the stopper of the flask should be removed and the sample withdrawn
immediately after a thorough and vigorous shaking. Even a few
seconds’ delay entails inaccuracy. We have found that the samples
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can be withdrawn more quickly and accurately into rubber-bulb
pipettes of drawn glass tubing marked at the 0:3 c.c. level, than
into bacteriological pipettes. Only the required amount of fluid
is sucked into the pipette, and all of it expelled on to the slide.

The NaOH solution does not appreciably change the appearance
of the eggs of hookworms, Trichuris, Hymenolepis nana, or
H. diminuta, but Ascaris eggs have the rough albuminous coat more
or less completely dissolved off and thus often look quite different
from the normal eggs, especially in the case of unfertilised ones.
Taenia eggs undergo a peculiar change in that the embryophore
swells to a diameter of from 50 to 6ou, leaving a much-enlarged
clear space between it and the embryo ; the latter shrinks somewhat
and assumes a characteristic elongated form.

Recounts of the same slide, duplicate counts from the same
suspension, and counts on higher dilutions have shown that camou-
flage of eggs is practically done away with by the method here
described. Lane warns against the loss of eggs held on the surface
of a film too deep to be in one optical plane and in which only the
bottom is searched. Apparently this rarely happens in a decinormal
NaOH solution since I have several times gone over the surface of
a slide containing several hundred eggs without finding a single egg.
The entanglement of eggs in flocculent masses occasionally occurs,
though much more frequently with Ascaris than with hookworm eggs.
It usually takes a little time for the débris on the slide to clump,
a process which takes place much more extensively in some stools
than in others; consequently, it only rarely happens that the eggs
do not have time to settle. The blowing process also aids in
liberating them. There is no doubt but that some loss of eggs does
occur in these ways, but even if there were a constant loss of, say,
10 per cent. of eggs, it would be of little consequence, since what is
-desired is not so much an absolute knowledge of the number of eggs
as a comparative measurement of the egg output.

That the method here described gives a good comparative
measurement of eggs per gram of faeces is shown by the uniformity
of counts which are obtained from examinations of two different
samples prepared from the same stool. Where the average count
on the slide is 10 or less, in about 8o per cent. of several hundred
duplicate examinations, the counts were identical or within one










































