Bacterial Interference Treatment

of Recurrent Furunculosis

9. Demonstration of the Relationship
of Strain to Pathogenicity

Walter G. Strauss, MD; Howard 1. Maibach, AMD;
and Henrv R. Shinefield, MD

Three patients with furunculosis due to a pathogenic
strain of Staphylococcus aureus became free of furuncles
after S aureus strain 502A was purposely substituted.
Relapse of furunculosis occurred when 502A was lost
and the original strain reacquired. Nine other patients
lost their furuncles after replacement of a pathogenic
strain by 502A. Abscess formation is a strain-related
phenomenon in these patients, and disappearance of
furuncles was not a chance event but was related to the
implantation of strain 502A.

THE PRINCIPLE of bacterial interference has
been applied successfully to the interruption of
staphylococcal epidemics in nurseries. We have
utilized a similar principle to interrupt recurrent
staphylococcal furunculosis in individual patients.’
With administration of systemic antibiotics the
patient’s pathogenic staphylococcal carriage can be
greatly diminished or eliminated. After cessation of
antibiotic therapy, recolonization can be manipu-
lated by seeding the nose and skin with staphy-
lococeal strains, such as strain 502A, chosen for
their decreased virulence.

Our first patient with furunculosis was purpose-
fully colonized with Staphylococcus aureus, strain
502A, five years ago. She has carried this strain on
her skin and has remained free of furuncles. How-
ever convincing this clinical demonstration might
be, the possibility existed that the bactenal trans-
plantation and loss of furuncles were coincidental
and not causally related. While we were planning a
controlled trial, three patients who were previously
given transplants with stain 502A had relapses of
furuncles. This permitted observations which dem-
onstrated that absence or presence of furuncles is
indeed a phenomenon related to Staphylococcus
strain.

Methods and Materials

Patients were selected for purposeful colonization
with strain 502A if furuncles containing S aureus,
coagulase-positive, had been present for a minimum
of one year. During a period when the patient was
temporarily free of furuncles, oxacillin sodium tab-
lets (250 mg) were given four times a day for 14
days. On the 15th day S aureus, coagulase-positive.
strain 502A. was first implanted. Implanting fluid
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consisted of a 24-hour broth culture containing 10*
live organisms per milliliter. Single drops were placed
on the surface of the skin of the axillae, umbilicus,
groin regions, perineum, and popliteal fossae and in
each naris daily for five days.

Cultures of the colonized sites plus cultures of
-the throat and anus were done before treatment,
after implantation, and intermittently for a period
of one to three years. A sterile saline-moistened
alginate sodium applicator was swabbed across the
site and streaked onto a tellurite plate. Five colo-
nies were picked for phage typing.

Strain 502A is usually phage type 6/7/42D/
44A/53/54/75/81. It is sensitive to penicillin and
high doses of tetracycline hydrochloride, and re-
sistant to low doses of tetracycline.

Report of Cases

CASE 1.—A 20-year-old girl had multiple furuncles be-
tween June 1965 and September 1966, Culture of pus from
furuncles and her nose grew S aurcus. phage type 3B/55/
71. Cultures of other sites did not wvield S aureus. She
received oxacillin and was colonized with strain 502A in
September 1966. Strain 502A was cultured from multiple
sites in October, November, and December 1966 and Janu-
ary 1967. All sites were negative for coagulase-positive
staphylococei in June 1967. In December 1967, she had
the first recurrent furuncle since 502A transplantation.
Cultures of her nose and the lesions revealed her original
strain (phage type 3B/55/71). but no strain 502A. Thus
she had two periods of furunculosis with a pathogenic
strain separated by another period of several months’
duration during which she was free of furuncles and car-
ried strain 502A or no S aureus.

CASE 2.—A 46-year-old man had many furuncles from
1962 to 1966 due to S aureus. phage type 52A/79. He re-
ceived oxacillin and was colonized with strain 502A in
October 1966: he carried only that strain for one month.
During this month he had no lesions. but in November he
had a furuncle due to type 52A/79. He was recolonized
with 502A in January 1967. Throughout 1967 he carried
only 502A and had no lesions. In January 1968. 52A/79
was cultured from his skin and shortly afterwards he be-

Staphylococcal disease related to nasal colonization
with Staphylococcus aureus, type 502A.
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gan having abscesses again. These all contained phage type
52A/79. This patient then had two periods of furunculosis
due to 52A/79 and two periods free of furuncles during
which he carried strain 502A.

CASE 3.—A 10-year-old boy had numerous furuncles
from 1962 to 1966. Phage type 52A/79+ was repeatedly
cultured from the furuncles and from clinically uninvolved
skin. He received oxacillin, was colonized with strain 502A
in January 1967, and carried this strain for six months
during which time he was asymptomatic. Then he had a
sty from which type 52A/794 was cultured. Cultures of
the nose and throat were positive for 52A/794+ but no
502A was recovered. He had a furuncle of the upper lip in
September 1967 from which 52A /794 was cultured. Again,
this patient had two episodes of furunculosis with his
usual strain separated by a period free of furuncles during
which time he carried only strain 502A.

Comment

A common phenomenon occurred in the three pa-
tients (Figure). Furuncles were associated only
with carriage of the patient’s original strain of
Staphylococcus. During periods of 502A carriage,
these patients were free of lesions. The sequence
consisted of the presence of furuncles associated
with the original strain, freedom from lesions while
the patient carried strain 502A, and then relapse
when 502A was lost and replaced by the original
pathogenic strain. This sequence provided the nec-
essary evidence to establish that strain 502A is less
pathogenic for these hosts and that it can interrupt
furunculosis.

In addition, we have transplanted strain 502A
onto 11 patients and have followed up these pa-
tients for at least one year. Of these 11, nine have
retained strain 502A and have had no furuncles.
One patient, on whom strain 502A was successfully
transplanted, ceased having furuncles and then had
a recurrence of his previous strain, but new
furuncles have not developed so far. We have also
followed up one patient whose colonization was
unsuccessful, and who retained the original strain
but spontaneously lost his furuncles. These obser-
vations provide additional support to the hypoth-
esis that strain 502A is less pathogenic for these
patients with recurrent furunculosis.

This and the experience of Boris et al,* who have
only rarely seen furuncles in patient who carried
only strain 502A, has convinced us that furuncles
are indeed strain-related, and that 502A has only
a minimal proclivity to produce furuncles. This
interpretation does not conflict with the observation
that abscesses may disappear from a patient who
retains or regains the original pathogenic strain.

Two observations require additional comment. In
our experience, strain 502A may produce pustules
at the time and site of colonization. These are never
larger than 2 mm and are seen particularly on
glabrous skin. We have not observed them after
the implantation procedure is finished, despite the
persistence of 502A. Boris et al®° have observed
three small lesions (two pustules and one sty) in
patients transplanted with 502A.

Finally, strain 502A has been cultured from four
large abscesses in a patient observed by Drutz
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et al.” In two of these abscesses the original patho-
genic strain was present as well as strain 502A; in
two other abscesses only 502A was present. Thm
and other data® demunstrate that on rare occasions
strain 502A can be associated with* disease. How-
ever, in the case reported by Drutz et al it should
be noted the patient had a skin disease and was
using topical application of steroids. Both these
host factors may have been important in increasing
susceptibility to disease in this patient. A two-year
follow-up of this patient after nasal colonization
with strain 502A is significant in that she experi-
enced no further staphylococcal disease of any type,
other than the lesions noted in the published com-
munication® according to an oral communication
from M. G. Koenig, MD, in November 1968.

This investigation was supported in part by grant NGR-05-025-
008 from the National Aeronautics and Space Administration and
by contract DA-49-193-MD-2466 from the US Army Medical Re-
search and Development Command, Department of the Army.

Technical assistance was provided by Sally Ronquillo and Kitty
I’helps.

Generic and Trade Names of Drugs

Oxacillin sodium—Prostaphlin, Resistopen. ¢
Tetracvcline hydrochloride—Achromycin V, Bristacvcline, Pan-
mycin Hvdrochloride, Steclin, Tetracvn Hydrochloride.
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STRATFORD HOSPITAL

TELEPHONES:
MAIN HOSPITAL - 7189 Miranda Street,
MATERNITY ANNEXE 7078 RBEG Stratford
SECRETARY - - 6018 OUR REF. :
TARANAKI, NZ.

11th May 1970,

Dr H.R. Shinefield,
Department of Pediatrics,

The Permanente Medical Group,
2200 O'Farrell St,

San Francisco,

CALEFORNIA. 94115

Dear Dr Shinefield,

Dr H.T. Knights of the National Health Institute forwarded to
me the proforma for your 502A surveye. I am returning this
to you with apologies for the delay, but felt it would be of
greater ¥alue to you to have an up-to-~date culture report; so
have waited for this to be completed. It seemed more convenient
to set out the answers to question 10 « 17 in the form of a table
on separate sheete.

I am glad of this apportunity of thanking you for your
co-operation in providing the organismg. Prior to your treatment
this patient was a spotty unhealthy unhappy girl who would
undoubtedly have been forced to give up her nursing career g
on account of recurrent sickness mnd permanent carrier state; since
treatment she has blossomed into a healthy happy girl who has
completed her training and is now a valued member of our registered
nursing staff, and has quite recently got married.

This case is a great tribute to your method of treatment. I
enclose a copy of our article from the New Zealand Medical Journal
which includes the case report on this patient.

With regards,

Yours sincerely,

CAREY C.K. SMITH F.R.C.S.
MEDICAL SUPERINTENDENT

q\ﬂh\qc _ ﬁv,f,‘%‘;)

S.S.
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Bacterial Substitution for Staphylococcal Infection

C. C. K. Smith MA MB BChir FRCS
E. L. Bird MB BS

and
K. A. Carey-Smith MB ChB

Stratford Hospital, Stratford

SUMMARY

A case is presented of a persistent pathogenic
staphylococcal carrier state, resistant to all conven-
tional therapy, causing recurrent episodes of furuncu-
losis, and threatening to terminate the patient's nurs-
ing career. A new therapeutic technique utilising
the principle of * bactenial interference ™ 1s described.
The pathogenic resident organism was removed by
the administration of antibiotics, and a relatively
avirulent strain of staphylococcus was substituted by
artificial colonisation. A vear followed with oniv one
transient infection. and the patient was able to com-
plete her nursing training. The avirulent strain was
still present one year after colonisation.

barhe: work s summarised, and the benefits and
dangers of this technique are discussed. The principle
f " barterial interference * has possible application
in the preventson of maternity hospital staphylococcal
outbreaks and in the treatment of staphylococcal
carriers and individuals suscepubic to infection.

INTRODUCTION

Individuals harbouring virulent staphylococci or
plagued by recurrent skin infections, continue to
present a problem, particularly in hospitals, despite
modern antibiotics, autogenous vaccines, and methods
to control spread.

Shinefield and others (1963) have introduced a
new approach to this problem by artificially colon-
ising infants soon after birth with a non-virulent
strain of staphylococcus (designated 502A) during
nursery outbreaks of infection with staphylococcus
aureus phage type 80/81. Strain 502A became estab-
lished on the infants, and prevented colonisation
by the virulent strain.

This method of “ bacterial interference " has also
been astempted successfully in adults. Artificial colon-
isation trials amongst pri (Boris and others,
1964), and medical nursing students (Shinefield
and others, 1966), following therapy with oxacillin
to remove the resdent strait;, resulted in colonisation
with 502A for up to twenty weeks in previous

CASE REPORT

Miss J. G., aged 22, started her nursing career
five and a-half years before this trial. For the last two
and a-half years she had been troubled by recurrent
crops of superficial staphylococcal infections, involving
skin, eves, and nose, and several umes she required
hospital admission with consequent interruptions to her
training. During one break of over a year's duration
she took an outdoor job in an attempt to free herself
of infection. She was found to be a nasal and skin
carrier of staphylococcus aureus phage type
52/52A/80/81, and persistent attempts to remove this
organism with a variety of antibiotics, autogenous
staphylococcal vaccines, and local applications. were
all unsuccessful.

Since commencing her nursing training. she had
suffered recurrent attacks of bronchial asthma, and
also eczema for which she had received local steroid
preparations on occasion. No other significant history
was obtained, and there were no known staphylococcal
carriers among her contacts.

In 1966 after 24 years of these infections it became
apparent that unless a method could be found to rid
her of pathogenic staphylococci, the risk to patients
particularly in the maternity and surgical fields would
prevent her completing her nursing training. It was
therefore decided to attempt artificial colonisation.

METHOD

A month's course of oral wcillin 250mg four
times daily in June and July 1968, failed to rid her
nestrils of the staphylococcus for any length of time,
but following this course and the use successively of
ssomycin with chlorhexidine, nitrofurazome, and
chloromycetin applied locally into the nares, in Sep-
tember 1966 a negative swab was a1 last obtsumed from
the nostnls. Recolonssation was immediately com-
memced using a vanation of the method described
by Strauss and others (1963).

Ou adwmassion ‘o hospital medication was stopped.
Ei'nd -Bl:yhto:cus surews  strain fO?.A.

ed frem Shinefield through the National
Health Institute, Welli , was reconstituted by add-

ing lcc of sterile distilled water, and incubating this

in trypticase soy broth. After about 18 hours of growth,
the patient was inoculated by placing one drop of the

cultwre in each nostril, each axi the umbilicus,
groin and perianal areas, oo nine successive days.
RESULTS

Shinefield’s strain 502A was isolated consistently
from mubiple skin sites, along with coagulase nega-

carriers of virulent strains. Strauss, Marbach and sive staphylococci, for three months, and no further
Hurst (1965) have succesfully colonised a patient infections occurred. The patient was able to return
with severe recurrent furunculoeis. There was mo to her nursing. Six months after colonisation she
further infection in 13 months, and 502A continued developed an inflammation of her anterior nares,
to be isolated from the patient and several contacts. and staphylococcus phage type 52/52A/80/81 was
Success in a whole family with recurrent staphylo- isolated.
coccal "l‘;c;m' has been reported by Fine and  Tye infection cleared within a week with oral
odleu.( ). . £ : erythromycin, and two weeks later a variant of
This paper details a similar attempt in a nurse Shinefield's strain was again isolated from the nase.
whose training was threatened by persistent staphylo- One year after initial colonisation no further infec-
coccal infection. tions had developed, and strain 502A was still resident
in both nostrils.




DISCUSSION

The case presented is the first known trial in
New Zealand (Knights, 1967) of a method of treat-
ing staphylococcal carriers in some wavs analagous
to the introduction of lactobacillus into the human
intestine  to  prevent multiplication of unwanted
organisms. Unfortunately, due to host factors not
vet elucidated, some individuals seem fated to har-
bour a staphylococcus, and a relatively avirulent
organism would appear to be preferable to a viru-
lent strain in individuals in contact with infants and
patients, or susceptible to infection themselves.

The strain designated 502A has caused mild
superficial pustules in a small proportion of cases,
and in one study (Drutz and others, 1966 was
isolated from overt abscesses in a patient with an
underlying chronic skin disorder. However, in
general Shinefield's strain has relatively low viru-
lence compared with a strain such as 52/52A/80/81,
and seems to be an ideal organism for use in arti-
ficial colonisation (Eichenwald. Shinefield, Boris, and
Ribble, 1965).

In our patient a significant feature was the devel-
opment of an infection by a virulent strain after
colonisation by 502A. The 502A appeared again
after an antibiotic course had disposed of the infec-
tion, and it would seem that the 502A had sufficient
hold to withstand erythromycin, or alternatively was
on the mucous membrane out of reach of the systemic
antibiotic, in which case it might have succumbed
to a local application.

In contrast to earlier trials, our patient was not
free of suaphflococcus for an appreciable pernod
prior to artificial colonisation. However it was
decided to proceed, since there was no danger to the
patient in a failed attempt, and further attempts
could have been made at a later date if necessary.
The first attempt at colonisation was, in fact, success-
ful.

A variation in phage typing of the avirulent resi-
dent strain has been evident. The original 502A
was :‘p‘;rt‘cd to lyse phages 7/47/53/81 (Eichenwald
and , 1965), and the National Health Institute
have typed the original organism as 7/53/83A+4-,
using 1,000 RTD. Following substitution, successive
culmmobuinedfmthepnduuhantypedu

follows:
53/83A+4 33/814
42E /33 /83A 4 42¥./53/77 /42D
6/53/814 Y 42K /47/534-/81

It lethnttheicmallvuiantsofthc
G%Mnm

We have applied to this technique the term
“ bacterial substitution ”, which seems preferable to
“ bacterial interference " used in carlier work. The
latter term could perhaps be retained to describe the
phenomenon by which one resident organism prevents
colonisation by another strain, a concept as yet poorly
understood. Theories include the production by the
resident organism of a substance, termed a colicin
(Light and others, 1965), analogous to interferon
produced by viruses; and Ribble (1965) considers
that the interference is in some way related to
nicotinamide utilisation.

Whatever the mechanism, we feel that this new
concept is a significant advance in the treatment and
prevention of staphylococcal infection; and that it
could be of benefit. not only in resistant staphylo-
coccal carriers such as this case, but also in averting
maternity hospital outbreaks of staphylococcal infec-
tion, as achieved by Shinefield and others (1963).
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502A SURVEY *

Name of Patient_[W~ Tgan PFR&ET]’(NE& qoL)uaz. Age R, . 3. 808

Address _STRs7 Foa > Mo SPripg 5. Telephone #S2arspes N 2. 172/
M—z.'\ff Fuelvwmivigs, .-!-l
Complaint SECy e 7. Duration 2 -:_JEJ«.,
NESAC And SK N CAARCA /FSTAPH ft/a‘z.g/s?a/&:
Previous Rx Vgt 8) achbbror 9. Lesions cultured: Yes v No

o Mﬁﬁ""‘" M
LE culturedsy;«.

Penicillin
DATE RESULT | SENS. RES. . PHAGE TYPE
Cultures before antibiotic + 502A therapy 31
Penicillin |

DATE SITE RESULT SENS.  RES, PHAGE TYPE //_ .
Antibiotic therapy: \52
Local % ) \

Nasal - Yes No Type ' Duration

Other Yes No - Type Duration
Systemic Yes No Type Duration {
Culture just before 502A colonization

: Penicillin

DATE SITE RESULT SENS. RES. PHAGE TYPE




IS B T WRASRIns Y, P

e

+18. Any underlying disease Yes &//

1

14. 502A inoculation DATE SEPT f?“o SITE N oAl

A ’;5

Sﬁw ! ;

wtuﬂ \ e

: !
15. Length of follow up after 502A Years ij Months 2 Days f ﬁa
16. Cultures after 5024 inoculation (include lesions) é'
Penicillin ;
DATE | SITE RESULT SENS RES PHAGE TYPE 3 %‘

17. Comments: (If patient treated for recur

state frequency of lesions b
colonization)

Approee oty ooy wonds fon 3 pac frscad
Cg"él“é‘“t;“ e Lt SN o P l_l;uéférbmn Z;Lonqx7,
CT s sl -

rent furunculosis pléase
efore and after 5024

No

Type ‘Squmh_.dﬁ_pnk ‘¢4ghékrﬂ~4x & a2

//;LIa wl, C)mu¢1442.uo45€7 ﬁn47hﬂﬁﬂ”“L:L P

* Please fill a se

parate survey out for each patient or
family member th

at has been treated and indicate under
he patient is being treated not because
ecause he is a family member of a patient

gf disease but b
“with disease.




SURVEY OF LESIONS, CULTURES AND TREATMENT,

STRATFORD HOSPITAL.

N.2Z,

TREATMENT
Date Site of Swab Organsims. Penicillin
_ Purulent taken. : Sensitivity Local Preparation Oral or Other,
Lesion. Systemic
Antibiotics
1963 Dec 3 Skin Pus Staph aureus (Not typed) s - - -
1964 Jan 27 " " 4 " 4 S - - -
May 16 " n " " n s . - -
June 4 Nose Nose " " " S Framycin - -
June 27 Eye " Staph phage type 52/524/80/81 R Framycin Chloromyctein Hospitalisation 3 days.
Aug R B - Autogenous Vaccine
Sept ) Eye Pus " " 4 " Neomycin ) Hospital 1 week.
St WMWMMWM“MWV Tetracycline Autogenous Vaccine
Chloromycetin
G Erythromycin Hospital 4 days,
Dec Eye Pus " " % i R ouHONOIWmchM; :EMMMMMMMWMMMMMiE-ii:!1li
Nose " " " " R Phenethicillin Sick leave
1965 Jan Nose Staph aureus (not typed) R H | R T
Mar Nose " " " R |
Apr Skin Pus " " " R
June Nose Gramacidin Spiramycin
~ July Skin Pus " " " 2 R Erythromycin  Hospital 3 days.
Sept R |
Oct Nose " " " R M
i
Nov Skin m
Peg Sielp m Extended leave

from aﬁ#nwam for
One Year




Local Oral or

Preparation Systemic Other
Antiblotics
Staph aureus (Not typed)
April Eye
June Skin Pus,Skin,
nose Staph 52/524/80/81 R
Skin Pus Staph aureus nzo«.n«uomu Neomycin Ampicillin Hospital 4 days
e , TR S AR S RIS e esaios, ... .
July Skin Nitrofurazone m _ mouvnﬁﬂw 1 week,
Aug Skin Nose " " " ) Chloromycetin k Hospital 1 week,
Sept 12 - 22 RECOLONIZATION  WITH  SHINEFIELD  STRAIN _ 502A v
mewm mm_. oo _uxwu. nose Shinefield Strain : : _ ..;l:iiqé:-;i|MHll,
Oct & " e " " i
Oct 15 Nose " " W
Oct 24 Skin, nose " "
Dec 12 Nose " L |
1967 Mar 3 Nose | Nose ' staph 52/5pa/80/81° 1 ip S | Erythromycin  No skek
Mar 21 Nose Shinefigdd Strain 8 “ leave hu account
June 26 Nose " " s m of »bnhonwoun
Sep 9 Nose " n
1968 Febd Nose Lt Staph 52/52A/80/81 R
Rt " 53/42D R
969 ¥eu " EeE . Eye " 52/524/80/81 R Orbenim :
Aouoﬂwn»u : Skin Shinefield Strain S |

Nose Cimmensals only,
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