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It is generally agreed that the serological laboratory can, and should,
play an important role in mass-treatment campaigns against yaws. The
decisions as to when routine serological testing should be performed, which
serological procedure should be employed, and the frequency and duration
of post-treatment serological examinations will depend on many factors
which include adequacy of laboratory facilities, availability of trained
personnel, climate, geography, customs, co-operation of local and inter-
national health authorities, and many other conditions which may vary
in different areas of the world. Unfortunately, the facilities for satisfactory
serodiagnosis are least adequate in those areas where the prevalence of
yaws is highest.

The ideal in a mass-treatment campaign would be a house-to-house
canvass in which all individuals in a given community were subjected to a
careful examination for any clinical or anamnestic evidence of yaws as well
as to a serological examination. This type of survey is often difficult
or even impossible. It has been repeatedly demonstrated that, if the health
authorities depend on voluntary attendance, only 250% to 50% of the
individuals will present themselves for treatment, whereas from 800
to 90% of the individuals can be examined and treated by means of a house-
to-house canvass.

There are definite limitations to any treatment campaign based solely
on clinical examinations. With this method patients with no clinical mani-
festations or in the incubation stage are missed. It is therefore not possible to
detect the seropositive, asymptomatic, latent-yaws patients who may ulti-
mately develop cutaneous relapses, thereby setting up new infectious reser-
voirs. Furthermore, if one depends entirely on a clinical survey, some non-
treponemal diseases that will respond to penicillin therapy may be included,
causing a fallacious increase in cure-rates, while the possible inclusion of
some non-treponemal conditions which do not respond to penicillin
would result in a fallacious decrease in cure-rates. The number of patients
with non-venereal conditions subjected to penicillin therapy would depend
on the diagnostic acumen of the clinicians. Dependence on anamnestic
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evidence is also fraught with difficulties. The word soon gets around among
the local population that they will receive some " magic medicine " if
they will state that they have had yaws, and this they will gladly do in the
hope that it will cure their many real or imaginary ills.

There are also many limitations to a serological survey, since a house-
to-house serological examination of all inhabitants would slow up the
work considerably. Furthermore, the interval between the serological
survey and the institution of treatment would be of several days, and some
of the individuals needing therapy would not be available when the treat-
ment teams revisited the houses. This type of survey would also require
extensive laboratory facilities for the examination of the large number of
blood specimens, and well-trained serologists to evaluate the results.

Mass treatment of yaws can be carried out effectively before establishing
adequate serodiagnostic facilities. It is sometimes quite impracticable to
await the development of modern serodiagnostic laboratories before insti-
tuting mass therapy.

In high-prevalence areas it may be feasible to treat entire populations
without any regard to serological examinations. In low-prevalence areas,
however, there is a great need for careful serological examinations with
tests known to have high levels of sensitivity and specificity. In those areas
where the incidence of biological false-positive reactors remains constant,
and the number of patients with yaws decreases, the relative proportion of
biological false-positive reactions will increase. Clearly, there is great need
for a simple, inexpensive, and yet consistently effective serodiagnostic
procedure in low-prevalence and underdeveloped areas with inadequate
laboratory facilities and an insufficient number of trained technicians.
To date, the filter-paper method and the various modifications of the
Chediak reaction have not been proved to be of sufficient sensitivity and
specificity as compared to the standard tube- or slide-tests performed on
sera.4 In my experience,7 the use of capillary tubes for collection of speci-
mens has been found to be satisfactory in the USA; but this would not be
a practical approach to the yaws problem because of the lack of laboratory
facilities and trained personnel.

The first phase of a mass-treatment programme is the development of
plans of operation. The laboratory aspects must be considered from two
points of view, that of the mass-treatment and that of the pilot area. If
serodiagnostic procedures are to be employed in the mass-treatment area,
the test must be carefully selected according to the following factors:

(a) Method of obtaining blood specimens. If it appears that the only
feasible means of collecting blood is by finger puncture, it will be necessary
to use a filter-paper method, a modification of the Chediak test, or the
capillary-tube technique.

(b) Sensitivity level. As a screening procedure, use should be made of
the test with the greatest sensitivity possible without decreasing its inherent
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specificity. The seropositive reactors can then be carefully examined and
questioned for any clinical or anamnestic evidence of yaws.

Limitations of Mass Serological Surveys
False-negative reactions

Negative serological reactions are to be expected during the incubation
period of the disease. This seronegative phase may persist for six weeks or
longer after exposure to infectious yaws. The duration of this phase will
depend on several factors, including the size of the infectious inoculum and the
immunological response of the individual, as well as the sensitivity and the
type of the test employed. There is some evidence to indicate that in early
yaws certain tests of the complement-fixation type may become positive
before some of the tube- and slide-flocculation procedures. Seronegative
yaws may be due to a number of factors: (a) a minimal amount of circulat-
ing antibody, which cannot be detected by tests with ordinary sensitivity;
(b) the presence of too much antibody so that negative zone-reactions
occur; (c) the use of serological tests with low levels of sensitivity; (d) the
use of fresh serum containing considerable amounts of thermolabile-
inhibiting substances; and (e) the presence of a thermostabile-inhibiting
substance in the albumin fraction of the serum.

It should also be pointed out that true-negative reactions may be
obtained in non-treponemal conditions which may simulate yaws, such as
impetigo, tropical ulcer, purulent skin infections, and traumatic or occupa-
tional palmar and plantar hyperkeratosis.

False-positive reactions
While it is true that most positive serological reactions obtained with

the current non-specific lipoid antigens are due to treponemal diseases and
perhaps represent some type of immunological response, it is no less true
that some positive results are unrelated to yaws. Such false-positive reactions
may be caused by a variety of infectious diseases and metabolic disturbances
and may be due to the presence of antibody-like substances similar to the
antibodies produced in treponemal diseases, to an alteration of the sero-
globulin fraction, or to an increase or alteration of some chemical substance
or substances in the blood. Furthermore, false-positive reactions may
occur in sera containing no antibodies and may be caused by: (a) technical
errors in the collection and labelling of specimens; (b) the use of unsatisfac-
tory blood specimens (contaminated or haemolysed); (c) errors in the
performance of the serological tests; (d) the use of faulty materials and
reagents in the test; or (e) errors in recording or reporting the final results.
With the improvement of serological techniques and the use of improved
materials, especially purified antigens of the cardiolipin type, there has
been a marked reduction in the incidence of false-positive reactions.
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There is still another problem that may confront the serologist in evalu-
ating the serological response of an adequately treated patient with yaws.
Several months or even years after completion of therapy, the patient may
develop an intercurrent non-treponemal infection which would produce
false-positive reactions and a subsequent rise in serological titre. Such an
individual is often categorically and fallaciously classified as a sero-
relapse or a treatment failure.

Seroresistance

Positive serological reactions may persist in arrested and "burned-out"
cases for many years, and in such individuals treatment or re-treatment
is not indicated. In yaws, as in the other treponemal diseases, persistent
positive serological reactions do not indicate a persistent infection. A
diagnosis of latent yaws should not be made on a seropositive reactor
without clinical or anamnestic evidence of the disease unless it is possible
to demonstrate specific antibodies by means of the Nelson treponema-
immobilization or phagocytosis phenomenon. This, of course, is not prac-
ticable in mass-treatment campaigns but might be considered in the pilot
area.

In the consolidation phase of the mass-treatment programme, the
question of the serological criteria for re-treatment may arise. Re-treatment
should be instituted if there has been a sustained rise in serological titre,
which may indicate either a relapse or an asymptomatic reinfection; it
should never be instituted solely because of persistence of positive sero-
logical reactions.

There are, therefore, indications for, and limitations to, the use of
serodiagnostic procedures in treatment campaigns. Unless one is aware
of the many limitations inherent in serological investigations, there may
be many errors of omission and commission.

Functions of the Laboratory in the Pilot Area

Whether or not serodiagnostic procedures are to be employed in the
mass-treatment area, it is of the utmost importance that a well-controlled
laboratory be set up in the pilot area as soon as possible, preferably before
mass therapy is instituted. It is during the demonstration, survey, and
training phase of the programme in the pilot area that the laboratory can
supply much valuable information that will be used during the expansion
and consolidation phase. This information will include the following:

(1) The determination by darkfield microscopy of the disappearance-
time of treponemes from lesions after treatment in order to ascertain the
efficacy of the penicillin preparation to be employed. It should also be the
function of laboratory personnel to determine the disappearance-time
following the use of the other antibiotics. It has been our experience that
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there is no appreciable difference in the disappearance-time after penicillin
therapy in syphilis, yaws, or pinta. It is also generally agreed that the
disappearance-time is more rapid after penicillin therapy than it is
after treatment with aureomycin, chloramphenicol, terramycin, or
dihydrostreptomycin. Comparative studies of this type should be carried
out in the pilot area. Any new treponemicidal drug should also be tested
for disappearance-time, as determined by the darkfield microscope, in
the pilot area.

(2) The serological trend following therapy as determined by quantita-
tive serological tests. Progress may be considered satisfactory so long as
there is a progressive reduction in serological titre. Short, intensive methods
of therapy with penicillin are terminated while the patient is still seropositive.
If serological tests are to be of any value in determining the efficacy of the
therapy, quantitative procedures must be employed before treatment and at
three-month intervals for one year following completion of therapy in the
primary control-area. As a minimum requirement, tests should be done at
least at six and twelve months. In a recent article on studies in penicillin
treatment of syphilis by Arnold et al.,1 it is stated:

i' In judging the success or failure of therapy, the ideal serologic follow-up of patients
consists of an examination every 2 weeks, or at least every month, for the first 6 to 12 post-
treatment months. In the evaluation of an experimental therapy, a battery of qualitative
serologic tests and a quantitative test, performed regularly, is advantageous for observa-
tion. However, in a public health program or in routine therapy utilizing a schedule
known to be effective, essential information may be gained from the regular use of one
qualitative and one quantitative test performed preferably with a cardiolipin-lecithin
antigen."

There are several factors which influence the length of time required to
obtain a seronegative reading: 5

(a) Stage of disease. The older the disease, the longer the treponemes
are present and the longer it takes for the body cells to stop forming
antibodies. As a rule, patients with secondary yaws require more time
to attain seronegativity than patients with seropositive primary lesions.
(b) Immunological response of individual patients. Some patients with
yaws develop more antibodies than others, and they usually require
more time to attain seronegativity.
(c) Serological titre. As a rule, patients with high serological titres at
the onset of therapy require more time to attain seronegativity than
those with relatively low titres.
(d) Sensitivity of the serological procedure. The more sensitive the
serological test, the longer it will take to show seronegativity. When a
battery of serological tests of varying sensitivities is employed, negative
reactions may be obtained with the less sensitive tests long before the
more sensitive tests can show negative results.
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(e) Type of test. Certain types of tests may remain positive long after
others have become negative, even though they may be of the same
relative range of sensitivity.

It must be pointed out, however, that there are many variants of the
above factors; and no set rules can be made to determine or anticipate the
length of time required to attain seronegativity. The serological response
in early yaws is certainly much slower than that observed in early syphilis
with similar schedules of therapy. One of the reasons for this difference
may be that, in syphilis, therapy is usually started within a few weeks
after the development of cutaneous manifestations, whereas, in yaws,
patients usually have their infection for many months or even years
before receiving therapy. Studies carried out in the pilot area might
supply information regarding the slow serological response.
(3) Differentiation between relapse and reinfection. The criteria for

indisputable yaws reinfections are quite rigid; and, unfortunately, the
patients are not observed at sufficiently frequent intervals to satisfy all the
requirements. It is therefore often quite difficult to determine whether the
patient has developed a new infection or if there has been a relapse of the
old infection. From our own observations in syphilis, we have felt it possible
to differentiate between relapse and reinfection by carefully conducted
quantitative serological studies made at frequent intervals.

After successful penicillin therapy in patients with early syphilis,
there was usually a progressive reduction in seronegativity followed by the
development of a darkfield-positive but seronegative lesion at a new site.
Shortly afterwards, the patients developed seropositive reactions with
rapidly increasing titres. In treatment failures or relapses a sudden increase
in serological titre was noted, followed in about one month by clinical
evidence of a mucocutaneous relapse in the majority of instances. If patients
treated with penicillin were to be subjected to serological examinations at
weekly or monthly intervals, it might be possible to predict a clinical relapse,
before there was any clinical evidence, by a progressive increase in sero-
logical titre on repeated examinations. Such studies might be carried out in
primary control-areas in order to determine whether it is possible to differ-
entiate between clinical relapse and clinical reinfection by means of sero-
logical examinations.

Problems Requiring Further Investigation

There are various aspects of yaws that require laboratory investigations to
fill in the gaps in the knowledge of this disease.2 3 Some of the following
problems might usefully be studied in the control area.

Do the newborn infants of seropositive mothers with yaws have positive
blood-tests ? Are these positive reactions detected more readily with
complement-fixation tests than with flocculation tests, as has been observed
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in syphilis ? 6 Do these seropositive reactors, due to a passive transfer of
antibodies from mother to the foetus in utero, revert to seronegativity
within the first three or four months of life, as in syphilis ? Is there a similar
transfer of treponema-immobilizing antibodies from mother to infant, and
are these also of a transient nature ? Do these transient treponema-immo-
bilizing antibodies protect the newborn infant against infection with
yaws ? Does this yaws-toxaemia account for the observation that yaws is
seldom encountered in children under six months of age even though they
are in close contact with actively infected mothers ?

Is the luetin reaction of any value as a diagnostic procedure ? Will a
new luetin prepared from tissue-free treponemes be more sensitive and more
specific than the older preparations obtained from syphilitic-rabbit tests ?
Is luetin prepared from Treponema pertenue more specific than that prepared
from T. pallidum in patients with yaws ? Is there any correlation between
the serological test for syphilis titre, the treponema-immobilization-test
titre, and skin-test reactions with various types of luetin preparations ? Is
there any correlation between the development of positive luetin skin-
reactions and the stage or duration of the yaws infection ?

Is it possible to immunize individuals with a treponemal vaccine ? How
does the immunity which develops after naturally acquired infections com-
pare with the immunity following experimentally induced infections ? How
does such immunity compare with that produced by specific immunization
procedures ? Is there any direct correlation between the treponema-
immobilization-test titre and the degree of immunity ?

These and many other questions need to be answered if we are to have
a better understanding of yaws.

SUMMARY

While it is generally agreed that the
serological laboratory should play an
important role in mass-treatment cam-
paigns against yaws, the facilities for
satisfactory serodiagnosis are usually least
adequate in those areas with the greatest
prevalence of yaws. However, mass
treatment of the disease can be effectively
carried out before such facilities are
established. In areas of high prevalence,
for instance, it may be feasible to treat the
entire population without serological
examination. In low-prevalence areas,
however, it is very necessary to conduct
careful serological examinations with tests
known to have high levels of sensitivity
and specificity; these must, at the same
time, be simple, inexpensive, and yet
consistently reliable. The filter-paper

RItSUMI2
De l'avis g6neral, le laboratoire d'ana-

lyses serologiques doit jouer un role impor-
tant dans les campagnes de traitement
systematique du pian. Malheureusement,
c'est en general dans les regions oui la
maladie est la plus repandue qu'il est le
moins facile de proceder au serodiagnostic.
Le traitement syst6matique peut cepen-
dant etre entrepris avec succes, avant
l'installation d'un laboratoire de diagnos-
tic. Dans les regions fortement infectees,
on peut, par exemple, traiter la totalite de
la population sans serodiagnostic prealable.
Mais, dans les regions oiu la frequence de
la maladie est faible, au contraire, il faut
proc'der a des examens serologiques minu-
tieux au moyen de tests d'une sensibilite
et d'une specificite elevees. Ces tests doivent
etre a la fois simples, peu coufteux et surs.
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method and the modifications of the
Chediak reaction have so far not proved
of sufficient sensitivity or specificity when
compared with the standard tube- or slide-
tests performed on sera. However, if the
only feasible method of collecting blood
specimens in mass examinations is by
finger puncture, then it would be necessary
to use one of the former methods or the
capillary-tube technique.

There are certain limitations inherent in
serological investigations of which the
health worker must be aware if he is to
avoid serious errors. For instance, false-
negative reactions may be expected during
the incubation period of yaws or may
result from such factors as thermolabile- or
thermostabile-inhibiting substances in the
serum, the presence of such a small
quantity of circulating antibody that it
cannot be detected by tests of ordinary
sensitivity, or the presence of too much
antibody so that negative zone-reactions
occur. True-negative reactions may also
be obtained in non-treponemal conditions
that simulate yaws. Again, false-positive
reactions may occur, caused by a variety of
infectious diseases or metabolic disturb-
ances; however, with the improvement of
serological techniques and materials, es-
pecially purified antigens of the cardio-
lipin type, there has been a marked reduc-
tion in the incidence of false-positive
reactions.

Positive serological reactions may persist
in arrested cases of yaws, but treatment or
re-treatment is not indicated in such cases.
In the treponemal diseases, a persistent
positive serological reaction alone does not
necessarily indicate a persistent infection.
Re-treatment should, however, be given if
there is a sustained rise in titre, which may
indicate either relapse or asymptomatic
reinfection.

Regardless of whether serodiagnosis is
used in the mass-treatment area, a well-
controlled laboratory should be set up in
the pilot area, for it can supply much
valuable information to be used during
the expansion and consolidation phase of

La methode sur papier filtre et les modifi-
cations de la reaction de Chediak ne se
sont pas revelees suffisamment sensibles et
specifiques, comparees aux epreuves sero-
logiques standards en tube ou sur lame;
c'est pourtant a l'une d'elles - ou it la
technique des tubes capillaires - qu'il
faut recourir dans les cas oii les preleve-
ments de sang ne peuvent se faire que par
piqfire du doigt.

Les examens serologiques sont sujets a
certaines limitations que le personnel sani-
taire doit connaitre, afin d'eviter des
erreurs graves. C'est ainsi que l'on peut
s'attendre a rencontrer de fausses reactions
negatives pendant la periode d'incubation
du pian, causees par certains facteurs, tels
que la presence de substances inhibitrices
thermolabiles ou thermostables dans le
serum, l'existence d'une quantite d'anti-
corps si faible qu'elle ne peut etre decelee
par les tests de sensibilite courante, ou la
presence d'un exces d'anticorps qui pro-
voque des reactions de zone negatives. En
revanche, de vraies reactions negatives
peuvent s'observer dans le cas de maladies
non treponemiques qui simulent le pian.
En outre, on peut constater de fausses
reactions positives, causees par de mul-
tiples maladies infectieuses ou des troubles
du metabolisme. Cependant, l'ameliora-
tion des techniques et des reactifs serolo-
giques, notamment l'emploi d'antigenes
purifies du type de la cardiolipine, ont
provoque une reduction marquee des
fausses reactions positives.
Des reactions serologiques positives

peuvent persister dans certains cas oui le
pian a et stabilise, sans qu'il y ait lieu de
traiter le sujet ou de renouveler le traite-
ment. Dans les treponematoses, le maintien
de la seropositivite ne suffit pas ai lui seul
a indiquer une infection persistante. II
convient cependant de traiter ah nouveau
les malades lorsque l'on constate une ele-
vation soutenue du titre, car cette elevation
peut etre le signe soit d'une rechute, soit
d'une reinfection asymptomatique.
Que le serodiagnostic soit applique ou

non dans la zone oui l'on procede au trai-
tement systematique, il importe de creer
un laboratoire bien organise dans la zone
experimentale-type. Ce laboratoire, en
effet, peut fournir de nombreux renseigne-
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the control programme. Thus, the labora-
tory should determine the disappearance-
time of treponemes from lesions by dark-
field microscopy following treatment with
penicillin and other antibiotics. The sero-
logical trend following therapy should also
be determined by quantitative serological
tests carried out before treatment and at
three-monthly intervals for one year after
treatment. Several factors may influence
the length of time required to obtain a
seronegative reading: the stage of the
disease at the time of treatment, the
immunological response of the patient, the
serological titre at treatment, and the type
and sensitivity of the test used. The
laboratory in the pilot area should also
conduct studies to ascertain whether it is
possible to differentiate between clinical
relapse and clinical reinfection by sero-
logical examination.

There are also a number of other aspects
of yaws on which still too little is known
and which require laboratory investigation.
Studies should be carried out to determine
the influence on the newborn infant of
seropositive yaws in the mother; these
should include investigations into the most
appropriate type of test for serological
examination of the infant and into the
possibility that a passive transfer of anti-
bodies from mother to foetus in utero, or
from mother to infant, will cause early
reversal to seronegativity or protection
against yaws infection. The value of the
luetin reaction as a diagnostic procedure
should be investigated, and further inquiry
should be made into the question of
immunity, both natural and experimentally
induced.

ments utiles dont on tirera parti au cours
des phases de developpement et de conso-
lidation de la campagne antipianique. 11
devrait, par exemple, determiner par des
examens sur fond noir le moment ofu les
treponemes disparaissent des lesions it la
suite du traitement par la penicilline ou
d'autres antibiotiques. L'evolution serolo-
gique consecutive au traitement devrait
aussi etre precisee par des tests serologiques
quantitatifs executes d'abord avant le trai-
tement, puis a intervalles trimestriels pen-
dant une annee apres le traitement. Plu-
sieurs facteurs peuvent modifier le temps
necessaire pour obtenir le virage a la
seronegativite, notamment: le stade de
la maladie au moment du traitement, la
reponse immunologique du malade, le titre
serologique lors du traitement, la nature
et la sensibilite du test utilise. Le labora-
toire de la zone experimentale-type devrait
egalement examiner s'il est possible de
differencier par l'examen serologique une
rechute clinique d'une reinfection clinique.

Divers autres aspects du pian n'ont pas
et suffisamment eclaircis et demandent a
etre etudies au laboratoire. I1 conviendrait
de determiner l'influence sur le nouveau-ne
du pian donnant une seroreaction positive
chez la mere. L'etude devrait porter sur le
type d'epreuve serologique le plus indique
pour 1'examen de l'enfant et sur la possi-
bilite d'une transmission passive des anti-
corps de la mere au fcetus in utero ou de la
mere au nouveau-ne, transmission qui
pourrait provoquer un virage precoce a la
seronegativite ou conferer une protection
contre l'infection. La valeur de la reaction
a la luetine comme moyen de diagnostic
devrait etre examinee et il faudrait appro-
fondir la question de l'immunite tant
naturelle que provoquee.
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