
Bull. World Hlth Org. 1950, 2, 523-544
30

ANTIBIOTICS AND SULFONAMIDES
IN THE TREATMENT OF TRACHOMA

Dr MATIrHIEU J. FREYCHE
Acting Chief of the Epidemiological Information Section,

World Health Organization
Manuscript received in April 1950

Page

1. Sulfonamides.. . ... 524
1.1 Local administration .526
1.2 Oral administration .527
1.3 Failures .528
1.4 Mode of action .528
2. Antibiotics .530
2.1 Tyrothricin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 530
2.2 Penicillin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 531
2.3 Streptomycin .533
2.4 Bacitracin .534
2.5 Aureomycin .534
2.6 Chloromycetin .537
3. Discussion .538

Summary .540
Bibliography. 540

Hardly two years after Domagk's 53 epoch-making initial paper on the
experimental action of prontosil, Heinemann,82 in the Dutch East Indies, pub-
lished his first observations on the treatment oftrachoma with sulfonamides.
Almost simultaneously, Dik,52 Koperberg,95 and Lian,'02 also in the Dutch
East Indies, Loe (quoted by Forster & McGibony 67), and Gradle 76 in the
USA, Burnier 37 and Victoria 183 in South America, Wilson,189 Kirk, Mc-
Kelvie & Hussein 94 in Africa (1938), then Cavara,41 42,3 Forster,66
Hatschek,80 Jasseron & Morard,84, 85, 86, 87, 88 Julianelle, Lane & Whitted,91
Lech jr,g8 and Thygeson,'7' were laying the foundations of the new therapy.

Hundreds of other workers followed them; today the sulfonamides
occupy a leading place in the chemotherapy of the disease. However, there
are signs that sulfonamide therapy as applied to trachoma is becoming
out of date, at least to a certain extent. After having been the subject,
above all between 1939 and 1944, of a number of papers so great that their
mere enumeration would be tedious, and after having aroused exaggerated
hopes and numerous controversies, it is clear that the sulfonamides are
losing ground somewhat in favour of the antibiotics. The latter will be
discussed later. It seems to the present writer that the time has perhaps
come to consider, in the light of recent advances, the place which should
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be assigned to each of these therapeutic agents now available to the ophthal-
mologist and the choice which the latter should make according to the
circumstances involved.

1. Sulfonamides

Many of the early workers claimed extraordinary successes. In a series
of 140 patients, Loe (quoted by Forster & McGibony 67) observed rapid
regression of the functional symptoms, and subsidence of the granulations
in 3 weeks, clearing of the pannus in 1 to 2 weeks, and complete cures in
2 months. Jasseron & Morard,88 analysing the results obtained in nearly
200 cases, noted that the subjective symptoms-such as pain, photophobia,
and weeping-disappeared in 48 hours, that the pannus and infiltration of
the cornea were reabsorbed in 1 week, and that epithelization -of the corneal
ulcers occurred in 36 hours, while the secondary infections due to Week's
bacillus, Morax's diplobacillus, the pneumococcus and gonococcus were
rendered sterile in 4 days, clinical cure being obtained in 3 weeks in 75%
of cases. In 125 out of 167 Indian schoolchildren, Forster 66 found that
trachoma was arrested after 3 weeks' treatment; a second course of treat-
ment was necessary for the remaining 42 children. On comparing the
results obtained in restoring vision in 328 trachoma patients treated with
sulfanilamide alone and 493 patients who had been given the so-called
classical treatment only, Gradle 77 reported that, in the first group, the
percentage of cases showing improvement was twice as high as in the
second ; in the latter, on the contrary, the percentage of patients who
became worse was twice as high as in the first group. Similarly, Que,147
on comparing the results of the classical treatment with those obtained by
combining it with the use of sulfanilamide, observed that the average period
of hospitalization fell from 35 days to only 17 days. Luo & Chang 112 gave
a figure of 80% cures after 2 to 3 months' treatment with p-aminobenzene-
sulfonacetamide (albucid); Hanke 79 stated that he had cured 544 out of
611 patients; Rohrschneider 151 recorded 33% cures ; and Lorenz 108 (of
Professor Lindner's clinic) reported that 48 % of healed scars were followed
up for a very long time, some of them for 20 months, and pointed out that
a number of cases continued to improve after sulfonamide treatment.
Gilbert 71 found that albucid given orally completely cured 48% of the
cases treated; Glowatzky 74 reported a proportion of clinical cures reaching
93 % ; Burnier 37 in various papers gave 83 % and 94.4% as the percentage
of cures; Arriaga Cantullera 4 reported 68.33% of cures followed up over
a long period and 21.24% of cases showing improvement ; finally, Bietti 18
expressed the belief that, if sulfonamide therapy were continued long
enough and if the criterion of cure were taken as the disappearance of
the hyperplastic conjunctival lesions, confirmed by means of the slit-lamp,
then the proportion of cures obtained might safely be put at 40% to 60 %.
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This list could be considerably enlarged. However, more extensive
statistics have been published, citing still more convincing results. In a
previous article on the world distribution of trachoma,158 the present
author and his collaborator quoted the experience of the US Indian Service,
in connexion with which Forster & McGibony 67 reported that more than
20,000 patients had been treated during the period 1940-44 alone, with a
proportion of successes reaching 90% after a single course of oral sulfon-
amide treatment when the doses given were sufficiently high. Recently,
Cosgrove (personal communication, transmitted by the US Public Health
Service) reported that in Arkansas more than 7,000 patients had so far
been treated with sulfonamides alone, 95% cures being obtained in stages I
and II of the disease and maintained for more than five years. In the study
mentioned above,'58 some idea was given of the extent of certain other
campaigns undertaken against trachoma in many countries. Sulfonamide
therapy is universally employed in these countries, either associated with
other kinds of therapy (Albania, Bulgaria, Burma, Ceylon, Hungary, Italy,
Saudi Arabia, Syria, Transjordan, Turkey, Yugoslavia, etc.) or even as a
standard treatment (Austria, Brazil, Canada, Poland, USA, for example).
Lindner 103 iS of the opinion that, thanks to this treatment, Austria may
today be considered free from trachoma.

The majority of the authors just discussed support the theory of " cure"
by sulfonamide therapy alone. A number of other workers, however, have
not always obtained the same results. While recognizing the general
efficacy of the sulfonamides against the subjective phenomena (pain, photo-
phobia, weeping, etc.) and their good effect on certain complications (above
all, those affecting the cornea) as well as on the majority of the secondary
infections, they consider their action on the hyperplastic conjunctival
lesions, especially on the granulations, more or less negligible, and stress
the failures of the method or emphasize the need to combine it with classical
methods of treatment.102' 80, 91, 40, 46, 64, 109, 113, 167, 169, 6, 83, 89, 116, 161, 61, 68, 75, 110,
121, 122, 69, 134, 146, 153, 159, 157, 166, 190, 38, 184, 145

Between these two extremes, a half-way opinion has gradually become
established. Whether the sulfonamides "cure" trachoma, or whether,
owing to their action in overcoming aggravating factors (i.e., secondary
infections), the disease becomes, as some suggest, a mild complaint which
tends to clear up spontaneously (McKelvie, Kirk & Holder 116)- perhaps
as the result of a change in the virus, as suggested by Poleff 142-is not the
point at issue. In any case, under the influence of the sulfonamides, as
stressed by the Giza school (Wilson,190 El-Tobgy,59 etc.), infectious con-
ditions of the conjunctiva, which too often pave the way for trachoma,
may be easily controlled and the contagiousness of the disease thereby
tremendously reduced. This preventive effect, combined with considerable
improvement in the subjective phenomena, and with sedation or prevention
of corneal lesions, is no longer disputed, and would in itself impose the
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use of this method until a truly specific treatment for the disease has proved
its value.

Does this mean that the sulfonamide therapy of trachoma is free from
disadvantages or dangers ? Unfortunately, this is no more true than in
extra-ocular therapy. As early as 1942 Sory 166 reported 24 reactions
among 362 patients treated orally (i.e., 7%) which were sufficiently serious
to entail giving up the treatment. Milder reactions, where it is possible
to continue treatment after stopping it for one or two days, are fairly
frequent. The following symptoms were found by Sory in half the subjects
treated, by Julianelle, Lane & Whitted 91 in 51 % and by Bietti 18 in only
20 %, when small doses and short-term treatment were used, but in a larger
proportion when treatment had to be continued for a long time, as is the
present tendency: cyanosis, either alone or accompanied by headache,
loss of weight, anorexia, morbiliform rash, rise in temperature, nausea,
epistaxis, vertigo and hallucinations, precordial or gastric pain, and occa-
sional jaundice. It is always advisable to keep a check on changes in the
blood corpuscles, to use as far as possible the less toxic products (e.g., p-
aminobenzenesulfonamide, disulfonamides, sulfadiazine, sulfacetamide 18)
or a polysulfonamide medication (Siniscal 160). As a preventive measure,
antitoxic therapy should be employed at the same time. If strictly observed,
these precautions make it possible to undertake mass treatment without
danger. Forster & McGibony86 report that, when the sulfonamides were
first used by the US Indian Service, the patients were subjected to rigorous
supervision during hospitalization, a daily urine and blood check being
carried out in every case. After prolonged observation of about 1,300
cases had shown that changes in the blood were relatively rare, these repeated
examinations were limited to special cases where they appeared necessary.
However, patients under treatment were kept under continued observation
and were frequently questioned as regards symptoms attributable to the
toxic effect of the drug, administration of which was immediately suspended
for one or two days whenever necessary. It should not be forgotten
(Marchal 118) that " timid " and repeated doses are the most dangerous;
but, as has been said above, it is precisely such long-term treatment which
gives the best results in trachoma. Mass treatment with sulfonamides thus
necessitates an experienced and careful medical staff as well as well-equipped
laboratories.

1.1 Local administration
In view of the risks which have just been pointed out, it was natural to

have recourse to the local application of sulfonamides. Amaral Filho,3
Paton,139 Cardella,40 Cheney,45 Cosgrove,47 Gillet,73 P'An,135 Montel,'24
Morate,125 Morante (quoted by Alvaro 2), Pavia,140 Loe,105 Loe (quoted by
Forster & McGibony 67), Victoria et al. (quoted by Victoria 184), Alvaro,2
Sorsby,162 Rodstein,150 Dor,54 Lugossy,"11 etc., have used this type of treat-
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ment, either by itself or associated with systemic sulfonamide therapy in
the most varied forms, e.g., direct application of powder to the lower
palpebral cul-de-sac, according to Loe's method, or insufflation of powder;
frequent instillation of collyria based on soluble salts ; subconjunctival
injections of the same salts ; iontophoresis ; instillations or eye-baths,
preceded by the application of products of the aerosol type to facilitate
penetration into the tissues ; ointment, etc. Recently, the use of sulfo-
namide lavage of the lachrymal sac has been advocated in cases of tra-
chomatous infection of the tear ducts, the frequency of which has been
shown by work carried out in recent years (Johansson 90). Some of these
modes of administration seem to be regaining favour after a certain eclipse:
repeated instillation or the subconjunctival injection of highly soluble
compounds (NU 445, sodium sulfacetamide, sulfonamido-thiourea, N-
dimethylacroyl-sulfonamide, etc.) with a pH approximately the same as
that of tears, has been employed with excellent results by Siniscal,160 Bel-
tukova,12 Mourzine,'27 Kalfa (quoted by Mourzine 127), Melik-Moussian
(quoted by Mourzine 127), Sachs,152 Tranou,'79 etc. The supporters of this
method stress its harmlessness, the high concentrations obtained in the tissues
(mainly by iontophoresis and subconjunctival injection), and the possibility
of the patient treating himself when only collyria or ointments are employed.
Its opponents point out the extreme frequency of the instillations, which
the patient finds tiresome and is bound to neglect sooner or later, as well
as the more or less distressing reactions to subconjunctival injections, which
also have the special drawback that they must be carried out by a qualified
ophthalmologist. It is said that, so far, local treatment has given a lower
percentage of cures. However, recently published statistics concerning
subconjunctival administration show a proportion of successes of the same
order, and Bierent 13 in Tunisia, as well as Mourad Ab-Del-Kader & Radwan
Hussein 126 in Egypt, have found the local reactions so mild that they have
been able to use the method as a basis for ambulatory treatment.

1.2 Oral administration
Nevertheless the great majority of workers has so far remained faithful

to oral administration because of its convenience and the excellent results
obtained. There remain, however, the problems of what drug to choose,
what dosage to adopt, and how to space the treatment schedules and the
rest periods. American authors, from Loe 104 onwards, use chiefly p-
aminobenzenesulfonamide (sulfanilamide) whereas central European
ophthalmologists, following Lindner 103 and his school, employ albucid;
in Egypt, following the example of Wilson,191 preference is given to sulfa-
diazine ; in French North Africa, as a result of the work of Burnet, Cuenod
and Nataf,32 33, 34, 36 the drug mainly employed is the sodium and potassium
salt of p-sulfonamido-phenyl-azosalicylic acid (G33) which has also been
successfully tried in Greece (Tsopellas 181). All the other usual sulfonamides
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have been employed against trachoma with varying degrees of success.
The literature on this subject is considerable, and it is impossible to give a
detailed account of it here. The present author agrees, however, with
Forster & McGibony,67 that the best results are observed when the drug
is given in doses which, although small, are sufficient to bring about and
maintain a blood concentration of 3 mg. or, if possible, of 5 mg. The
writer agrees with Thygeson,173, 174 that the medication should be continued
until the cornea is completely cured, not only of infiltrations but also of
the minute punctate lesions in the epithelium ; as Bietti 17 states, the nature
of the conjunctival flora associated with trachoma disease and the reactions
of the patient should be borne in mind as far as possible in the choice of
compound. The likelihood of relapse diminishes in proportion to the
degree of perseverance shown in continuing treatment. On this point it
should be added that a number of so-called relapses are actually reinfections,
usually contracted-in the patient's family. Consequently, for the genuine
control of endemic trachoma, prevention should be modelled on that of
tuberculosis, i.e., a thorough family and social inquiry should be made in
each case, contacts traced, and treatment given, not only to the patient
himself, but also to infected persons among his associates, whether these
are carriers of quiescent lesions or apparently healthy carriers (the existence
of such carriers seems to be less and less disputed). However, trachoma
prevention cannot be dealt with in a few lines and it is hoped to return to
the subject later.

1.3 Failures
As has been said above, in contrast to the enthusiasm of the first workers

who believed that they could cure the disease in a few weeks by the use of
sulfonamides alone, the present tendency is to prolong treatment for much
longer periods, e.g., up to five or six months (Bietti 18) or even a year
(Siniscal 160). Some authors, in view of the failures of this method, as well
as of the so-called classical therapy, have even doubted whether the disease
is curable."19 This is going much too far. Nevertheless, whatever the length
of the period of treatment and the care employed, both by the patient and
by the physician, it must be recognized that such failures are frequent.
Taking as a criterion of cure the disappearance of hyperplastic conjunctival
lesions-a criterion which, although perhaps arbitrary, is still the best-
it may be assumed that in 30% to 40% of cases, neither the papillary hyper-
trophy nor the trachomatous follicles show much, if any, improvement.

1.4 Mode of action
How do the sulfonamides act in trachoma ? Apart from a very small

minority of authors, who believe that trachomatous lesions are the result
of a variety of pathological causes, among which infection is of minor
importance only (PoAtic,145 Dor,55 Gallenga, quoted by Bietti,'8 etc.), the good
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effects of this treatment are thought to be primarily due to the bacterio-
static action of the sulfonamides on the conjunctival flora. Many believe
that this effect is the only one, and that the virus of the disease itself
is not affected. This would explain the rapid diminution of the local
inflammation and the sedative effect on the symptoms resulting from it,
namely, pain, photophobia, secretion, hyperaemia, oedema, as well as the
healing of the corneal ulcers, and the clearing up of the pannus, it being
understood that all these symptoms result from secondary infections much
more than from the actual effect of the virus. This does not mean, however,
that the patient is cured. Various arguments are advanced in favour of this
viewpoint, principally the weak activity shown by the sulfonamides against
virus diseases, certain experimental results which have shown that tracho-
matous matter retains its infective power after contact with sulfonamide
solutions in vitro (Julianelle & Smith 92), and the well-known resistance of
'hyperplastic conjunctival lesions.

Nevertheless, there are other observations which may be quoted in
favour of the opposite opinion, e.g., Bar's experiments,5 in which sulfa-
nilamide protected mice against intracerebral infection by the virus of
lymphogranuloma inguinale (which is fairly closely related to that of tra-
choma), and the still better results of MacCallum & Findlay,114 with a
glucose derivative of 4,4'-diamino-diphenyl-sulfone (both compounds being
clinically active against trachoma); the action of sulfonamides on the
virus of inclusion conjunctivitis (172 105,164 etc.) ; the fact, confirmed
by Loe,105 by Richards et al., 49 and by Vancea,'82 that pathological matter
taken from patients after a few days or a few weeks of sulfonamide
treatment does not infect healthy animals or individuals ; and certain
clinical observations by Thygeson,'7" showing that simple acute trachoma
(without secondary infections) responds remarkably well to sulfonamide
therapy. Furthermore, the investigations of Thygeson,'73 Richards et al.,'49
Lech jr, 98 Poleff,141 etc., have demonstrated that the Halberstaedter-
Prowazek bodies disappear from the conjunctiva in a few days following
sulfonamide treatment (after 10 days in 80% of cases). Bietti 18 has shown
that, if massive doses are given, this disappearance may take place still
earlier (3 days).

The author is not in a position to take sides. It is probable that the
controversy will not be settled before further experiments have been carried
out. The recent remarkable successes obtained by Poleff,143 Barski et al.,8
and above all by Macchiavello,"5s in the culture of the trachoma virus make
it possible to envisage such work in the near future. One fact at least
remains certain: although the ultra-virus of trachoma may be sensitive to
the sulfonamides, its resistance is nevertheless sufficient to justify the opinion
of Nataf'32 (one of the most convinced supporters of sulfonamide treat-
ment) that in sulfonamide therapy, " we have not yet found the specific
treatment for this disease, but we have a tried and tested treatment giving
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a very large proportion of cures and always, or nearly always, bringing
about an appreciable improvement...

2. Antibiotics

Six antibiotics are now being produced in large quantities, though some
of them have only recently reached this stage: penicillin, streptomycin,
chloromycetin, aureomycin, tyrothricin, and bacitracin. A great number
of others are still in the research stage. In the following pages, only those
will be dealt with, which are commercially available and which have prac-
tically all been tested, or are at present being tested, in the treatment of
trachoma.

2.1 Tyrothricin
It is known that this substance, which was isolated in 1939 from Bacillus

brevis by Dubos,57 is composed of two polypeptides, gramicidin (1/5) and
tyrocidin (4/5), the first of these two compounds being very toxic to the red
corpuscles. It is stable in alcohol solution, is destroyed in the digestive
tract, does not unduly irritate the mucous membrane, to which it adheres
on account of the low surface tension of its suspensions ; it does not easily
pass into the blood-stream (on account of the size of its molecules), is
active against a great number of gram-positive organisms and a number
of gram-negative anaerobes, is an excellent contact antibiotic, much more
bacteriostatic than bactericidal, and acts seven times as quickly as penicillin
and ten times as quickly as the sulfonamides. In 1942, Gause & Brazhni-
kova 70 in the USSR isolated from the soil a bacillus which secretes a similar
substance, gramicidin S.

It is in the USSRthat gramicidin has been most widely used in the treatment
of trachoma and has yielded the best results. The Russian authors, how-
ever, consider in general that gramicidin S, like penicillin and aspergillin,
is not specific for the disease, although these products have proved to be
extremely effective against secondary infections, and are likely to replace
the other agents administered locally.

Experiments made in other countries have been on a much more limited
scale. In Sardinia, Pasca 138 treated 15 cases of florid, secreting trachoma-
3 with pannus-over a period of twenty days by instillations of a colloidal
suspension of tyrothricin, repeated every two hours, without noticing any
improvement, either clinical or in connexion with the Halberstaedter-
Prowazek bodies. In France, Sedan & Sedan-Baubyl56 also tested 15
patients (6 pure florid and 9 sclero-cicatricial with granular formations and
secondary infection) and gave it as their opinion that tyrothricin appears
to be " a valuable, rapid, and reliable factor in rendering non-infectious the
trachoma patient with superinfection and discharge, so typical of contagious
and seasonal trachoma " but that " the action of this agent on florid gra-
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nulations appears to be absolutely negative or at least imperceptible ".
Moreover, the treated eye "remains indefinitely inflamed and photo-
phobic ". In Italy, Niietic 133 treated 8 cases of trachoma, one of which
was florid and the others being reactivated cicatricial cases ; the action of the
antibiotic seems to this author to be mainly on the secondary conjunctival
flora, but to be very slow, while it seemed to have no effect on the trachoma
virus itself. The author has not been able to report on the Halberstaedter-
Prowazek epithelial inclusions nor on their reaction to tyrothricin. In
North Africa, however, according to Reilly 148 and Broch,29 good results are
supposed to have been obtained, and Nataf 132 prefers tyrothricin, for use
as a local agent, to penicillin, in conjunction with systemic sulfonamide
therapy.

The chief disadvantage of tyrothricin as at present used is that it may
easily damage the corneal epithelium and may fail to penetrate deeply into
the tissues after local application (Woods 193 uses it only as a tissue cleanser).
It should not be forgotten, however, that it is stable, its price is moderate,
there are no allergic reactions even after long-term application, it has a
very wide antibiotic field of action, there is the possibility of improving the
present product (this is already made apparent by the existence of a succinic
acid derivative, which, treated with formol, becomes harmless enough to
be administered intravenously). Finally, and most important, the very
favourable Russian experience with gramicidin S, at least against secondary
infections, should not be forgotten. For the time being, tyrothricin may
be regarded not as a specific agent but as a good auxiliary antiseptic.

2.2 Penicillin
It is known that, administered parenterally, penicillin is difficult to

detect in the ocular tissues and humours and that it rapidly disappears
again from them (Struble & Bellows 168). On the other hand, when admi-
nistered subconjunctivally or by prolonged bathing of the eye, it remains
in high concentration in the conjunctiva and in the tissues of the anterior
segment; however, it disappears very quickly (in less than 3 hours) after
application has ceased. Von Sallmann & Meyer 186 have demonstrated that
iontophoresis accelerates the penetration of the antibiotic into the ocular
tissues and humours. Various methods of local administration must,
therefore, be employed, and the applications must be frequently repeated.
The product is readily tolerated when instilled in its pure form, even at
high concentrations (Sorsby & Ungar 165), either in aqueous solution or in
oil suspensions. A number of authors have experimented with it in the
treatment oftrachoma-among others: Bellows 9 (1 doubtful case), Keyes 93
(1 failure), Milner 123 (1 case), Darius 0 (12 cases in which, in spite of
frequent instillations, the effect, although satisfactory, was not greater
than that obtained by sulfonamide therapy), Dubois-Poulsen,56 Gilford 72
(4 cases of pannus which reacted favourably in three days), Sorsby 163
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(3 cases), Thygeson 174 (2 rather inconclusive cases), Brognoli & Giardini 30
(6 cases), Brown 31 (5 cases), Calamandrei 39 (14 cases), Costi & Alvarez-
Maribona,49 Krishnamurty,98 Lavery97 (5 cases), Ts'in Kai-Nie180
(2 cases), Mamola 117 (12 cases), Bonavolonta & De Berardinis 25 (15 cases).
Mention should also be made of Wilczek 187, 188 (68 cases) who, like
Focosi,62 has reported rapid improvement and even complete cure of the
eye in a series of cases treated by subconjunctival instillation or injection.
FinaUy, Bietti 18 has studied more than 150 cases and has become the
foremost advocate of the method. This author uses frequent local applica-
tions (as many as 12 in 24 hours, every 2 hours, day and night) ofcalcium
or sodium penicillin in the form of a collyrium or ointment usually contain-
ing 1,000 Oxford units per gram of excipient. He has extended the duration
of treatment to 200 days, and, in exceptional cases, he uses the parenteral
route.

By means of a rigorous treatment of this nature, this last author obtained
sterilization of the conjunctiva ; the rapidity with which this was obtained
increased in proportion to the sensitivity of the organisms in question to
the antibiotic (even Koch-Weeks bacilli were eventually eliminated if the
applications were made frequently enough). This sterilization, more rapid
and complete than that obtained with sulfonamides, generally continued
for at least four to five days after suspension of the treatment. Even the
epithelial inclusions were affected by penicillin. In Pavia the present
author was shown some excellent preparations demonstrating the altera-
tions in structure brought about by the antibiotic. The inclusions gradually
lose their granular appearance, then break up into amorphous blocks
separated by areas which stain only with difficulty or not at all by the
Giemsa method; finally, after about 72 hours, they disappear, at least for
as long as the treatment is continued. It is true, however, that they fre-
quently invade the conjunctival epithelium again a few days after treatment
has been stopped.

In spite of these results, the efficacy of penicillin in the treatment of
trachoma is still in doubt, at least as far as the trachoma virus itself is
concerned. Of some recently expressed opinions only the following are
cited: Nataf,132 who prefers tyrothricin as a local antiseptic ; Poleff,144
who uses penicillin to. protect his tissue-cultures from accidental contami-
nation ; Thygeson,175 176 who maintains that the sulfonamides are active
against trachoma, while penicillin " is ineffective " ; Von Sallman,'85 who
considers not only that the sulfonamides are preferable to penicillin, but
also that the combination of the two types of therapy has not proved its
value in the treatment of trachoma ; and Barja 7 and Schlossberger &
Weinershaus,155 who also believe that penicillin acts only on the secondary
infections. Lugossy,111 although in favour of the use of penicillin, considers
that mechanical treatment-and pyretotherapy are necessary to disperse
hyperplastic conjunctival formations. Zaksever 194 is of the opinion that
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corneal manifestations respond much better to penicillin than do the tracho-
matous lesions of the conjunctiva. Fornes Peris 65 prefers to combine
systemic sulfonamide therapy and the classical local therapy which, accord-
ing to him, yields better results than antibiotics or sulfonamides employed
as local antiseptics. Long et al.06 on the other hand are in favour of peni-
cillin G for local treatment as a first choice among the antibiotics tested to
date.

It will be seen that all these authors rely on the administration of the
antibiotic in situ: very few of them believe that trachoma, except in its
initial stages, can be cured by penicillin therapy alone. There is one notable
exception: Siggia & Mamola (research in progress on the administration
of repository preparations of penicillin).'59 In comparison with local sulfo-
namide therapy, conjunctival instillation of penicillin appears to be more
active against the secondary infections, equally effective in the treatment of
surface lesions, and less effective against deep lesions (Bietti 18). Its dis-
advantages are: the possibility of severe allergic reactions and, above all,
the necessity for frequent application ; these practically limit its use to the
treatment of hospitalized patients and make it even more impracticable
for the mass treatment of trachoma than for that of acute contagious
ophthalmias.23' 191 Penicillin is undoubtedly a drug the value of which as
an auxiliary in the control of trachoma is now undisputed; it does not,
however, any more than tyrothricin-unless it is shown to be effective in a
repository vehicle, a point which has yet to be demonstrated-constitute in
itself a solution to the problem of trachoma.

2.3 Streptomycin
Leopold & Nichols 101 have shown that, for a detectable amount of

streptomycin to appear in the ocular tissues when administered parenterally,
enormous experimental doses (10,000 to 100,000 ug. per kg. of body-
weight) are required, doses which are toxic to the human nervous system.
Highly concentrated local instillations, on the other hand, penetrate easily
into the eroded or inflamed cornea and even into a sound cornea if ionto-
phoresis or a wetting agent (e.g., of the aerosol type) is used. The local
application of the antibiotic, according to the investigations of Bellows &
Farmer,'0 does not irritate the surface of the eye-ball at a concentration
of 10,000 ,ug. per cubic centimetre, whereas higher concentrations are stated
to retard the regeneration oflhe corneal epithelium and provoke opacity and
vascularization in the cornea ; sensitization of the patient is rare (1 case
in 30). This substance is held to be clinically useful when administered
subconjunctivally (Mathieu 120) but it seems there have been toxic manifes-
tations in the optic nerve and other parts of the eye. According to Leopold,l'
one of the principal disadvantages is the facility with which the micro-
organisms become resistant to streptomycin ; this, however, happens less
often when high concentrations are maintained in the infected tissues.
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Bietti,20 reporting the results obtained in about 40 cases of trachoma,
some treated by himself and some by Focosi62 and Panzardi & Pasca,136
in Sardinia mentions that, when a collyrium or ointment containing 10,000
to 100,000 ,ug. per gram of excipient is used the most common organisms
concerned in trachomatous conjunctivitis disappear, possibly somewhat more
slowly than with penicillin, and that the Halberstaedter-Prowazek bodies
(11 cases) generally persist 22-although in some cases they disappear but
without showing the preliminary changes in structure which are brought
about by penicillin. Clinically, the action on the conjunctival secretion is
rapid,63 the oedema and hyperaemia decrease, and the papillary hyper-
trophy diminishes,78 136 but the corneal lesions remain more or less the same
-in spite of certain satisfactory results reported in the treatment of corneal
ulceration 1 60-and the nodular formations on the conjunctiva are also
little changed.

To sum up, it may be said that, although a useful antibiotic, parti-
cularly in cases of secondary infection due to gram-negative organisms which
are resistant to penicillin, streptomycin would appear, from the limited
experience gained of its use in the treatment of trachoma, to be a drug the
disadvantages of which, toxicity, liability to produce resistant organisms,
weak action against virus infections, and relatively high price, combine to
make it a therapeutic agent of secondary value.

2.4 Bacitracin

This is a remarkable contact antibiotic. It is nontoxic, and is not
inhibited by penicillinase ; it rarely provokes local sensitization reactions;
it is almost indefinitely stable in aqueous solution (provided care is taken
to keep the temperature low), and for a period of 15 days without refrigera-
tion ; it has a similar range of application to that of penicillin ; and it is
well tolerated by the conjunctival sac. All these properties go to show
that it would be worth trying in the treatment of trachoma. As far as the
author is aware, this has not yet been done.

2.5 Aureomycin

Aureomycin and chloromycetin are two products of particular interest
in connexion with the subject under consideration. The possibility of oral
administration increases their value still further.

The first reports by Braley & Sanders 26, 27, 28 show that aureomycin,
administered to patients suffering from various eye affections by local
instillations in the form of a 0.5 %-1 % borated solution, is effective
against most gram-positive cocci and against a number of gram-negative
bacilli. In the opinion of these authors, it acts at least as well as penicillin
against the former, better than sulfonamides (locally applied) in inclusion
conjunctivitis, and better than any other agent in epidemic keratoconjunc-
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tivitis, provided it is applied from the very beginning of the disease. Braley
& Sanders have treated only one case of trachoma, but this was successful.
It was a case of very long standing, in the third stage of the disease (sulfa-
nilamide had caused serious renal complications) ; the corneal infiltrations
and conjunctival symptoms disappeared rapidly. The authors were unable
to determine the action of the drug on the Halberstaedter-Prowazek bodies.
The method of administration was by a 0.500 solution of borated salt
which, according to these authors, is the most readily tolerated concentra-
tion. (In spite of a pH of only 7.5 to 7.8, this solution, according to Bellows
et al.,'1 sometimes provokes minute lesions of the corneal epithelium if the
instillations are too frequent.)

In Portugal, Moutinho, Grilo & de Moura 128, 129, 130 have published
the results of trials carried out in the first place on 13 patients and later on
a total of 39 patients. They employed first a 0.5 % anhydrous ointment,
applied at intervals of 3-4 hours at the beginning of the treatment and later
every 6 hours, followed by a 1% ointment administered by painting and
brushing on the conjunctiva (pH 7.7). The results obtained from these
first trials were as follows

Stages I and 11 (28 cases)
Great improvement or clinical cure ... ...... . . . . 19
No change or slight improvement .... . . . . . . . . . . 9

Stages III and IV (11 cases)
Great improvement or clinical cure ... .. 8
No change or slight improvement .... .. 3

Total .... . . . 39

The authors point out that corneal complications (7 cases of keratitis
or ulceration of the cornea) respond rapidly to treatment; a pannus crassus
disappeared macroscopically in less than a week; the trachoma follicles
reacted irregularly, generally healing without scars or with only slight scars,
those of the less accessible fornix and canthi proving more resistant. The
inclusions disappeared in a few days. So as to assess the effects of the drug
more, on the basis of more extensive statistics, the Portuguese health author-
ities have instituted systematic trials in all trachoma dispensaries throughout
the country. These trials are now in progress.

Lopes d'Andrade & Ribeiro Breda,107 also in Lisbon, have tried a
mixed form of treatment on 6 patients, making local use -of a collyrium
consisting of 25 mg. of aureomycin hydrochloride per 5 ml. of distilled
water (containing 62.5 mg. of sodium chloride and 25 mg. of sodium
borate) instilled every two hours, and accompanied by oral administration
of the antibiotic (250 mg. every 4 hours on the first day and every 6 hours
on the following days). The results, although encouraging, were much less
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favourable: granulations and cellular inclusions usually persisted in spite
of dispersal of the secondary infections in a few days (usually two).

More recently, Duke-Elder, Ainslie & Boase 58, 24 reported the extra-
ordinary results obtained in Uganda in a preliminary group of 8 cases of
the disease, the severity and duration of which were very varied. These
results were obtained solely by conjunctival instillation of a collyrium every
3 to 4 hours. Clinical cure was effected in an " incredibly short " time-
8-10 days on an average. The authors admit that it would be premature
to draw definite conclusions from such a limited number of cases, but a
second report, dealing with 36 cases, in which the results were also very
satisfactory, is said to be in preparation (Boase, personal communication).

In the USA, Bellows et al.11 recently reported a successful result obtained
after one week's treatment of a case of trachoma which had been developing
for 8 years.

In Italy, similar experiments are being carried out in the ophthalmic
clinics of Pavia and Sassari, in accordance with a joint plan of research,
by Bietti, Focosi & Pasca (Bietti, personal communication). Thanks
to the courtesy of Professor Bietti, it is possible to give here the preliminary
results, which have not yet been published:

Instillations of aureomycin (Lederle's collyrium) into the conjunctival
fornix in 12 cases with epithelial inclusions brought about the disappearance
of the latter within 3 days. These instillations were repeated every 2 hours
during the day and less frequently during the night. The conjunctival
flora also disappeared in about the same time (4-5 days). Clinical treat-
ment did not last longer than a month ; 20 patients were treated (in Sar-
dinia, the forms treated were nodular and papillary; in Pavia, there were
3 cases of early trachoma, and 7 long-standing, reactivated cases with
mild corneal symptoms). There was rapid regression of the conjunctival
secretion (4-5 days) and of the acute symptoms with diminution of hyper-
aemia and papillary hypertrophy, and improvement of the corneal lesions.
The nodular formations showed little change during the first month of
treatment. Systemic administration of aureomycin was not tried. On
the whole, the authors considered that the results so far obtained had
not proved that the action of this. antibiotic is superior to that of penicillin
it may even be inferior.

The foregoing observations are still much too limited, both in space
and time, for it to be permissible to draw statistically significant conclu-
sions. A long time must yet elapse before it becomes possible to decide
whether or not aureomycin is the specific drug for trachoma, which are its
most effective derivatives, and what are the best methods of administration
and the optimum dosage, or else there will have to be systematic experi-
ments on animals and, in different parts of the world, on man, selecting
large groups of patients in various stages of the disease. In short, the
same procedure must be employed for trachoma as for spotted fever, the
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various types of typhus, Q fever, or lymphogranuloma inguinale and psit-
tacosis. The unprecedented action of aureomycin on the large viruses of
this group leads one to hope for similar specificity with regard to the tra-
choma virus. The satisfactory tolerance by the tissues (except in the case
of subconjunctival administration, 51 and the rarity with which resistant
organisms or allergic phenomena appear are all advantages of local medica-
tion. Might not the initial impressions of Braley & Sanders be correct,
and oral administration prove effective despite the experimental conclu-
sions of De Roetth,51 Bellows et al. ? 11 Are certain strains of virus sensitive
and others not ? These are questions which it is impossible to answer
until more extensive research has been carried out.

2.6 Chloromycetin

Much of what has just been said about aureomycin applies also to
chloromycetin. This substance, obtained either from cultures or by syn-
thesis (chloramphenicol) has the same remarkable possibilities of oral
administration, is extraordinarily nontoxic, as well as possessing great
antibiotic power against many organisms, both gram-positive and gram-
negative (but especially the latter). Furthermore, its action has been
demonstrated, both experimentally and clinically, in many of the rickett-
sioses and in virus diseases of the psittacosis and lymphogranuloma ingul-
nale group. There are, therefore, grounds for hoping that its activity
will be similar in cases of trachoma. In a preliminary communication to
the Societa Oftalmologica Lombarda, Leo 99 recently reported his first
observations in eight cases, treated for a short time with instillations of a
2.5% collyrium and with ointments. The acute symptoms abated: in two
cases, where fairly infrequent inclusions had been observed before treat-
ment, these disappeared, but only after the 7th or 8th day and after a short
course of oral administration.

Other trials are now being made in clinics at Pavia and Sassari (Bietti,
personal communication). In these a collyrium containing 4% chloro-
mycetin dissolved in a vehicle composed of distilled water (80%) and
propylene-glycol (20%) is being administered by conjunctival instillation
at two-hour intervals. This collyrium is well tolerated ; the conjunctiva
is soon sterilized, and the secretion ceases in three or four days. At the
end of 2 weeks, the reduction in the papillary hypertrophy is already per-
ceptible, but, at least during the first weeks of treatment, the improvement
in the clinical picture seems no greater than that produced by penicillin.
Finally, from certain other experiments, of which it is perhaps still too
early to speak, it seems to be confirmed that chloromycetin, administered
orally, is active against trachoma. If these first impressions are borne out,
this fact may prove to be of considerable importance, the more so if the
price of this substance, as well as that of aureomycin, can be reduced.
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3. Discussion
From the preceding study, which is necessarily rather superficial, it will

be seen that, at the moment, it is still too early to speak of a specific for
trachoma. Simple trachoma, such as might perhaps respond to such medi-
cation at some foreseeable date, is, after all, fairly rare ; for a long time to

TABLE 1. COMPARATIVE EFFICACY OF CHEMOTHERAPY
AND ANTIBIOTIC THERAPY IN TRACHOMA

(according to Bietti)
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oses, eTrective against
psittacosis

systemic
and local

Streptomycin local

Tyrothricin . .. ocal
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granuloma inguinale
group

effective against rick-i
ettsiae and certain
viruses of the lympho-
granuloma inguinale
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come the trachomatologist will have to use his clinical ability in each case
to judge what is attributable to the virus itself, and what to secondary
infections, or to cicatricial lesions, each group of symptoms requiring
appropriate medical or surgical treatment. If medical treatment alone is
considered, table I, though necessarily of a summary nature, may suggest
a certain choice of agent according to the symptomatology present.

Remarks
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However, from the practical standpoint, consideration must be given
to the position of a physician in charge of an antitrachoma service, in a
country of high endemicity, in the present state of knowledge, and to whether
he will not be forced to adopt one or more " standard " treatments, at
least as far as the staff under him are concerned. If he cannot make treat-
ments to measure for each patient-if the metaphor may be permitted-
is he not justified in using ready-made treatments, for what they may be
worth ? There is no doubt that he is, and the physicians concerned do not
fail to do so. With their responsibilities, the author's choice at present
would be as follows (it goes without saying that there would be many
exceptions to the systems of treatment described):

Case 1. Travelling ophthalmologist, or one working in a rudimentary
bush station far from any hospital or laboratory, with a large number of
patients to treat: For most cases where there are no complications, sterili-
zation of the conjunctiva followed by brushing with a bile mixture, as deve-
loped by Parlange,137 would be preferable to the classical method of treat-
ment. Parlange's method is still little known and certainly deserves exten-
sive investigation. The necessary ingredients (ox-bile and mercurochrome)
are available everywhere and the treatment is so simple that it can be
carried out even by assistants who are not medically qualified.

Case 2. Better-equipped station, one or two experienced assistants at
the physician's disposal, but no laboratory or hospital facilities: Patients
for whom the above treatment had proved unsuccessful would be given
subconjunctival injections of sulfamidothiourea (solufontamide), sodium
sulfacetamide or any other highly soluble sulfonamide which is non-irritant,
and has a pH near that of tears (ambulatory treatment).

Case 3. Dispensary with facilities for laboratory tests, visiting assistants,
and one or more assistant physicians, but no hospital beds or only a few
beds reserved for surgical cases: Without prejudice to local therapy, all
patients who can be carefully watched from the point of view of possible
reactions should receive sulfonamide treatment by the oral route.

Case 4. Hospital: Here, where the whole range of therapeutic possi-
bilities is available, and staffing permits day and night treatment, anti-
biotics can be used with advantage. The question of combining their action
with that of the sulfonamides must be decided in each case according to
the organisms present, for it should not be forgotten that such action can
be synergic, asynergic, or even antergic.131 The sulfonamide product or
products used will be chosen with reference to the nature of the associated
infections as well as to the individual reactions of the patient. In short, at
the ophthalmic hospital, and there only, the ophthalmologist has the means
of adapting treatment to the varying features of the complaint and to the
particular background in each case. Thus-to repeat the previous metaphor-
he can " make a treatment to measure ", and this will always remain the

539



540 M. J. FREYCHE

ideal to be attained. It is also at the ophthalmic hospital, and again, there
alone, that research into the action of new antibiotics can and should be
carried out. It is of the greatest importance that research on this subject
should be undertaken systematically and without delay. As Duke-Elder,
Ainslie & Boase 58 wrote recently in connexion with aureomycin, " if the
promise of these early cases is maintained, a therapeutic agent will have
been discovered, which may bring great changes, socially and economically,
to vast tracts of the world ".

SUMMARY

A propos of 20 recent observations on cases of trachoma treated with aureomycin
(medical literature has so far mentioned some 50 cases only) and the first attempts at
treatment with chloromycetin (eight cases), the author reviews the successes and failures
of the sulfonamides and antibiotics in the treatment of the disease. The sulfonamides,
tyrothricin, and penicillin, seem to have proved their efficacy but do not constitute
a specific in the present state of our knowledge. Streptomycin is a therapeutic agent
of secondary value only; bacitracin remains to be tested. Aureomycin and chloro-
mycetin, on the other hand, on both theoretical (activity against viruses of the lympho-
granuloma-inguinale/psittacosis group) and practical (results of first trials) grounds may
constitute the specific therapeutic agent or agents for this disease. The author stresses
the paramount importance of methodical and sufficiently widespread experimental
trials which should be carried out in several countries.
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