
1056 MACLEOD AND oiIi.S: LINCOMYCIN: A NEW ANTIBIOTIC Canad. Med. Ass. J.
Nov. 14, 1964, vol. 91

ABSTRACT
Preliminary results suggest that the anti-
biotic lincomycin (a product of Strepto-
myces lincolnensis var. lincolnensis) posses-
ses certain valuable properties which
include good in vitro activity against many
strains of hospital staphylococci resistant
to many other antibiotics. During a study
of this agent, a selected series of severe
staphylococcal infections due to resistant
organisms were treated with lincomycin,
with encouraging responses. Favourable
results were also noted in seven cases of
osteomyelitis. Lincomycin may be adminis-
tered by the oral or parenteral routes to
adults and infants and satisfactory serum
blood levels obtained. So far as the authors'
limited experience enables them to con-
clude, and at the dose range tested, this
antibiotic promises to be one of low toxi-
city.

SOMMAIRE
Ilressort des 6tudes priliminaires sur la
lincomycine que cet antibiotique (produit
par Streptomyces lincolnensis var. lincoln-
ensis) poss.de certaines propri6t6s pr&ieu-
ses, parmi lesquelles une bonne activit.
in vitro contre de nombreuses souches de
staphylococciques d'h6pitaux qui r6sistent
un grand nombre d'autres antibiotiques.

Une s6rie de cas d'infections staphylococci-
ques graves, caus.Ses par des germes anti-
bio-r6sistants ont 6t6 trait6s par la linco-
mycine et les r6sultats ont 6t6 encoura-
geants. On a 6galement not6 des r.sultats
favorables dans sept cas d'ost6omy6lite. La
lincomycine a 6t6 administr6e par voies
buccale et parent6rale ii des adultes et ii
des enfants. On a enregistr6 des concentra-
tions s6riques satisfaisantes. Pour autant
que notre exp6rience actuelle, limit6e du
reste, nous permette de conclure, cet anti-
biotique promet d'.tre un agent th6rapeu-
tique de faible toxicit6 aux posologies ap-
pliqu6es.



detailed description of the chemical structure of
lincomycin has been provided by Herr and Slomp.3

This present communication outlines our experi-
ence with lincomycin over the past 18 months in
the Departments of Bacteriology, Medicine and
Pediatrics at Dalhousie University in Halifax, Nova
Scotia. We have concentrated on a study of the
activity and safety of lincomycin as an antistaphylo-
coccal agent.

BACTERIOLOGY

Sensitivity tests.-The tests were performed using
the disc-plate assay method employing three
Lincocin paper discs of 2, 15 and 30 Mg. strengths,
respectively. Any strain which showed the slightest
degree of resistance to the 2 Mg. disc, but was sensi-
tive to 15 Mg. concentration, was designated as
"moderately resistant" and classed as "resistant"
for the purposes of this study.

TABLE 1.-RESULTs OF COMPARATIVE in vitro Disc SENSI-
TIVITY TESTS ON STAPHYLOCOCCI RECOVERED FROM PATIENTS
AT THE VICTORIA GENERAL HOSPITAL, HALIFAX, NOVA

SCOTIA, DURING 1963 AND 1964

StrainsStrains Percentage
Antibiotic tested sensitive sensitive

Methicillin.1031 1031 100.0
Oxacilli.1031 1031 100.0
Lincomycin.1055 1005 95.2
Penicillin.1058 209 17.7
Streptomycin.1039 366 35.2
Erythromycin.1054 454 43.1
Chioramphenicol. 1051 901 85.7
Tetracycline.1046 504 48.1
Novobiocin.1033 687 66.5

Note the high percentage of staphylococcal strains sensitive
to methicillin, oxacillin and lincomycin, and the low percentage
recorded for penicillin.

Tests on 1055 unselected cultures of coagulase-
positive strains of Staphylococcus pyogenes, isolated
from patients at the Victoria General Hospital,
Halifax, and surrounding area, showed that 1005
were sensitive to lincomycin according to our
standards, that is, 95.2% sensitive. Of the total of
1055, only three strains were resistant to the 30
Mg. disc. Comparable susceptibility tests using other
antibiotics against strains of Staphylococcus pyo-
ge;nes recovered at the same institutions, at the
same time and (wherever possible) from the same
patients, revealed the sensitivity ratios summarized
in Table I.
These results reflect the general rise in the re-

sistance of staphylococci to penicillin as indicated
by the figure of an 82.3% resistance rate to peni-
cillin from in vitro tests in this area. Comparable
values reported from England by Barber4 revealed
that in 1946 some 14% of staphylococci isolated at
one London hospital proved resistant to penicillin.
Subsequently, from the same hospital, Barber and
Rozwadowska-Dowzenko5 reported that the per-
centage of resistant strains rose to 38 and 59%
during the years 1947 and 1948, respectively.

TABLE 11.-LINCOMYCIN

Staphy-
lococcus Lincomycin Sensitivity pattern by disc method
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ance* between staphylococci resistant to erythro-
mycin and against lincomycin. We, too, have failed
to show direct evidence of cross-resistance between
these two antibiotics in strains of staphylococci re-
covered as primary isolates from hospital patients
in Halifax. However, different results have been
obtained by Barber and Waterworth8 following the
prolonged artificial growth of staphylococci in
culture media containing lincomycin and erythro-
mycin (these are referred to below).
The apparent lack of such cross-resistance is

worthy of note since the chemical structure of
lincomycin differs from that of erythromycin.
Erythromycin is a member of the group of anti-
biotics which possess the macrolytic lactone ring
type of chemical structure; oleandomycin and spira-
mycin are other members of this group. Moreover,
it is pertinent to note that Mullins et al.9 suggest
that lincomycin is "antagonistic" to erythromycin
and that the two should not be used in combination.

Barber and Garrod10 and Lepper et al." state
that staphylococci develop resistance to erythro-
mycin more rapidly than to any other antibiotic
except streptomycin. Furthermore, Barber and
Garrod10 observed that there is considerable, but
not complete, cross-resistance between erythro-
mycin and other macrolide antibiotics. According to
Lewis, Clapp and Grady,2 the in vitro rate of de-
velopment of resistance by staphylococci to linco-
mycin is comparable to that of erythromycin. Like
erythromycin, lincomycin does not allow the "one-
step" development of resistance. More recently,
Barber and Waterworth8 have reported develop-
ment of in vitro cross-resistance between lincomycin
and erythromycin, following cultivation of staphy-
lococci in the presence of these antibiotics for 25
to 32 transfers. They concluded that, notwithstand-
ing the dissimilarity in chemical structure between
lincomycin and members of the macrolide group,
there was similarity in antibacterial activity against
staphylococci as well as evidence of cross-resistance
between these two groups. It was also pointed out
that cross-resistance among the macrolide anti-
biotics pursues a complex pattern which Garrod12
contends may conform to either the double or
dissociated variety of resistance. Further con-
clusions must wait until lincomycin has been sub-
jected to extensive clinical usage.
A search for possible side effects.-Three patients

complained of mild diarrhea early in the course of
therapy, but this was not sufficient to interrupt
their therapeutic regimen. Two others complained
of vague generalized aches and pains which ceased
at the end of the course of treatment. One patient
complained of generalized itching of the skin which
was directly related to the ingestion of the drug.
In 10 patients complete examinations, serum blood
urea nitrogen and serum glutamic oxalacetic trans-

*Cross-resistance exists when an organism is resistant to
one antibiotic and is also resistant to another antibiotic of
the same chemical structure or to biologically related anti-
biotics.

Canad. Med. Ass. J.
Nov. 14, 1964, vol. 91

aminase tests were performed before and after lin-
comycin therapy. No significant changes were ob-
served.

CLINICAL EVALUATION

The clinical trials herein reported are still in
progress. Sixteen adult patients and 20 infants have
been treated with lincomycin. These have been
divided into four clinical groups.
Group I consisted of six patients suffering from

severe staphylococcal infection, superimposed upon
other critical illnesses. Of these, four had staphylo-
coccal septicemia. After treatment with lincomycin,
staphylococcal infection was eliminated in five of
these cases. In the sixth case, overwhelming staphy-
lococcal infection was found at postmortem
examination after 11 days of combined lincomycin
and oxacillin therapy. Previously, all cases in this
group had received extensive treatment with other
antibiotics. No other antibiotic was added at the
time of exhibition of lincomycin, but in three of
this group, penicillin therapy was continued con-
comitantly. Three of the patients in Group I died
of the following causes: (1) postoperative cardiac
arrest, (2) massive staphylococcal infection with
metastasizing carcinoma of the bladder, and (3)
massive gastrointestinal hemorrhage. The dosage
used in the patients in Group I varied from 15.3
to 64 g. over periods of five to 15 days.
Group II consisted of seven patients with osteo-

myelitis. In all but one, surgical debridement was
carried out before the initiation of lincomycin
therapy. It is not possible to draw accurate con-
clusions under such circumstances. However, we
were impressed by the overall response of the pa-
tients and by the effect on bacterial cultures. The
duration of the osteomyelitis in these patients
varied from three months to 60 years. From all
cases coagulase-positive staphylococci were re-
covered. Four of these patients had no other
antibiotic therapy whatsoever. The remaining three
received the following: the first, 7.5 g. of chlor-
amphenicol concomitantly; the second, local
topical applications of neomycin and a wetting
agent; the third, intravenous tetracycline for eight
days-two months before lincomycin therapy. In
three patients excellent clinical results were ob-
tained. The fourth patient died following two
episodes of pulmonary embolism. The lesions in
the three remaining patients in Group II have not
healed as of December 31, 1963, but the discharge
from their sinuses remained free of all pathogenic
staphylococci. Most patients in Group II were
treated orally for three weeks with an average
total dosage of 80 g.
The most gratifying results were obtained in the

following cases:

CASE 1.-Mrs. L.T., a 20-year-old housewife, under-
went a cholecystectomy in December 1962. The opera-
tion was followed by bacteremic shock and a prolonged
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No associated changes were observed in the pa-
tient's condition, and the SGOT levels were inter-
preted as falling within the normal range of fluctua-
tion.

DI5cti5sxoN

Some nine years ago, lincomycin was discovered
during the course of a routine soil screening pro-
gram. This suggests that man has not yet exhausted
nature's store of naturally occurring antibiotics
which can be derived from soil. Thus contrary
opinions, which favour a search for new antibiotics
through modification of the chemical structure of
existing and older antibiotics would seem to be
premature. When new antibiotics are introduced
to the medical profession and public, a variety of
predictable and unpredictable, long- and short-term
factors must be considered. With the passage of
time and progressive increase in use of penicillin,
the number of allergic reactions to this agent and
its derivatives among the exposed population is
more likely to increase than to diminish.
From the immediate and practical point of view,

lincomycin offers an alternative antibiotic for use
against those organisms which are either sensitive
or resistant to erythromycin. Likewise, lincomycin
may offer a substitute for penicillin, in subjects
sensitive to the latter. By virtue of its apparent low
toxicity, even in high dosage (where such is neces-
sary), lincomycin possesses some advantages over
other antibiotics for the treatment of severe staphy-
lococcal infections complicated by renal, hemo-
poietic or ear damage, 'and where vancomycin,
ristocetin, chloramphenicol or kanamycin may be
contraindicated.

SUMMARY

Preliminary results suggest that lincomycin possesses
certain valuable properties; these include good in vitro
activity against many strains of hospital staphylococci
resistant to many other antibiotics. A selected series of
severe staphylococcal infections due to resistant organ-
isms have been treated with encouraging results.
Lincomycin may be administered by the oral or paren-
teral route to adults and infants. Satisfactory serum
blood levels have been obtained. As far as our limited
experience enables us to conclude, this antibiotic
promises to be one of low toxicity at the dose range
tested.
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PAGES OUT OF THE PAST: FROM THE JOURNAL OF FIFTY YEARS AGO

THE WAR AND THE WOUNDED

The first contingent of the Canadian Expeditionary Force
has arrived safely in England and is undergoing a further
period of training preparatory to leaving for the front.
Another contingent of 10,000 men will follow, and the
recruiting is proceeding rapidly; in fact applications are
coming in so quickly a i is doubiful whether all those
who now volunteer will be able to go with the next con-
tingent. Arrangements are being made, however, to continue
the training of troops after the embarkation of the next
contingent and until the cessation of hostile activities. It
is understood that 10,000 men will leave about the end of
December. But it is not sufficient to send the men; pro-
vision must be made for the care of those who are wounded
or fall ill from exposure and hardship. With exclusion of
the Russian and Austrian armies, there are more than two
millions now fighting in Europe. The loss of life and the
number of wounded must be enormous, greater than in
any previous war, not only because of the numbers partici-
pating but because of the deadly peifection of the modem
invention; and from experience in former baffles it is to be
expected that the sick and wounded will number at least
20 per cent of the armies engaged in conflict, probably
more. In the South African war, the British invalided
73,977 men out of an army of 325,000, which means that
in the next few months there will be 400,000 sick and

wounded soldiers in the armies taking part in the European
war. This percentage among the British troops may be
decreased somewhat by the general inoculation against
typhoid fever, but whether the same precaution has been
taken in the other armies is uncertain, and as every
wounded man becomes a subject for medical attention no
matter what his nationality, the treatment may have less
effect upon the numbers requiring medical care than might
have been expected.
The Canadian government has provided that 2090 beds

shall accompany the first two contingents; about half of
these have heen sent with the troops now in England.
That is provision has already been made for two general
hos ital's each with 520 beds, two stationary hospitals each
wit. 200 beds, one clearing hospital with 200 beds, and
three field ambulances each with 150 beds. The personnel
of medical officers, nurses, orderlies, drivers, and cooks will
number about 1100.
The work of the Army Medical Corps is largely supple-

mented by the Red Cross. Five hospitals have been organ-
ized in Paris, and the wounded are brought to them from
the field hospitals. The Canadian Red Cross Society has
already transmitted $50,000 to the Central British Coin-
mittee at London and lesser sums have been sent by local
branches in the Dominion.-Editorial, Caned. Med. Ass. J.,
4: 994, 1914.


