
What has this cost? Estimates
only are possible, because costs of
laboratory procedures, hospital
care, medical care and special diets
have all changed over the period of
study. It has not been possible to
include any estimate of the cost of
the hospitals' part in the program,
i.e. staff time and mailing charges
to the laboratory (Table II).

Identification costs include the
cost of the screening procedure per
case. Hospitalization is the cost of
hospital care during diagnostic as-
sessment and initiation of dietary
treatment. Medical care includes
medical care during hospitalization
as well as follow-up care for five
years. Laboratory tests are those
performed on an out-patient basis
during five years of follow-up. Diet
consists of a synthetic food which
is low in phenylalanine and is pro-
vided by the program. The diag-
nosis and special care of the child
with PKU therefore costs $6800 or
about $7000 more than the care of
a normal child. Most of these costs
are carried by the province as in-
sured health services. In contrast is
the estimated cost of $250,000 of
caring for an untreated severely re-
tarded child in an institution. It
would be impossible to put a price
on the benefits to the child and his
family of the prevention of retarda-
tion.

RWsum6
Le depistage de la phenylcetonurie
en vaut-il la peine?

Le plan de depistage de la phenyl-
cetonurie (PCU) chez les nouveau-
nes mis sur pied par les autorites
ontariennes a permis de toucher
94.5% des nouveau-nes entre 1966
et 1971. nI a permis d'identifier 70
nourrissons, dont 47 etaient des cas
classiques et 23 etaient des cas aty-
piques de PCU. La frequence etait
de 1 cas par 16,700 naissances
d'enfants vivants pour les cas clas-
siques et de 1 cas sur 34,000 nais-
sances d'enfants vivants pour les
cas atypiques. Depuis le debut du
programme, un diagnostic de PCU
a et6 pose chez 44 enfants durant
la premiere enfance de le traitement
qui leur a et applique a ete cou-
ronnee de succes. Trois nourrissons
seulement ont subi une arrneration
mentale, dont deux avaient echappe
au cours du plan de depistage.

Le cofit de l'identification et du
traitement pour un enfant durant
cinq ans est d'environ $7000, se qui
est evidemment tres inferieur a la
somme de $250,000 necessaire pour
couvrir les soins hospitaliers, la vie
durant, d'un individu dont I'amrerra-
tion mentale est severe.
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Cutaneous infections due to
Corynebacterium diphtheriae
W. H. Cockcroft, M.D., C.R.C.P. [c], W. J. Boyko, B.SC., M.D. and D. E.
Allen, M.SC., Vancouver, B.C.

Summary: Toxigenic Corynebac-
terium diphtheriae was grown
from skin lesions of 44 indigent
patients seen at the emergency
or out-patient departments of
this hospital, 43 of them within
the last 16 months of the study
period. In all cases staphylococci
or hemolytic streptococci were
also present in the wounds. An
increase in the incidence of
clinical diphtheria occurred in the
few months preceding and over-
lapping the period of recognition
of the cutaneous infections. The
gravis strains, which accounted
for the majority of the infections,
were sensitive to erythromycin
and to penicillin, but were rela-
tively resistant to cloxacillin.
Cutaneous diphtheria is not uncom-
monly seen in tropical countries1"
and extensive outbreaks occurred
in some prisoner-of-war camps dur-
ing World War II,' but in North
America diphtheritic skin infections
have been recorded infrequently.'
In Vancouver diphtheria has been
very uncommon in recent years: no
cases were seen in the Vancouver
General Hospital during the years
1963 to 1967, nor were any toxi-
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genic strains isolated in the hospital
laboratory during that period. How-
ever, in June 1968 a patient with a
septic lesion on the foot due to C.
diphtheriae was seen in the out-
patient department. Between that
time and April 1972, 43 other pa-
tients, most of whom live in the
skid-row area of Vancouver, have
been treated for similar cutaneous
lesions infected with toxigenic
strains of C. diphtheriae. All 43 ad-
ditional cases were seen in the last
16 months of this period. Since
1968 the number of cases of faucial
diphtheria seen in this hospital has
also increased sharply.

Patients and methods
The patients, for the most part,
were unemployed adults who pre-
sented themselves to the out-pa-
tient or emergency departments of
the hospital for the treatment of
septic lesions. Most lived in small
hotels or rooming houses in a re-
stricted area of the older part of
the city. Many had no fixed ad-
dress and a history of alcoholism
was common. Swabs from the cu-
taneous lesions were sent to the
hospital laboratory for culture. The
clinical records of all patients
whose wounds yielded toxigenic or-
ganisms were reviewed.

In the laboratory, blood-agar,
mannitol salt agar and trypticase
soy broth containing 0.1% agar
were the media used routinely. If
diphtheroids were seen in the gram-
stained smear of the exudate, tel-
lurite blood-agar was also used as a

C.M.A. JOURNAL/FEBRUARY 3, 1973/VOL. 108 329



primary plating medium. Gram-
positive bacilli which had character¬
istic sugar reactions and morphol¬
ogy when grown on Loeffler's serum

slopes were sent to the B.C. Provin¬
cial Division of Laboratories for
confirmation of identity and for
guinea pig virulence tests. Toxi-
genic strains were sent to the Lab¬
oratory of Hygiene in Ottawa for
serologic typing. Staphylococci and
streptococci were identified by con¬
ventional methods. Bacitracin discs
(Taxos A, BBL) were used to de¬
tect Group A streptococci.

Case reports
1. V.S., a 68-year-old unemployed
man living in the skid-row area,
came to the out-patient department
with multiple infected fissures on the
foot and pre-tibial ulcerations from
which C. diphtheriae, Group A strep¬
tococci and penicillin-resistant Staph.
aureus were cultured. He was treated
with saline compresses and erythro¬
mycin for 13 days. After six days C.
diphtheriae was still present in the
wound but was absent 10 days later.
He was readmitted six weeks after
discharge; lesions on both legs again
grew C. diphtheriae.
2. R.P., a 29-year-old male skid-row
resident, presented with infected la-
cerations on the plantar and flexor
aspects of the foot, cellulitis and .lym¬
phangitis. A heavy growth of C.
diphtheriae and penicillin-resistant
Staph. aureus was obtained from the
wounds. He was treated with anti-
toxin, penicillin for 13 days and ery¬
thromycin for 10 days, as well as
saline compresses. The lesions were

very slow to heal, with formation of
eschars with erythematous margins.
Cultures of wound material 22 days
after admission grew C. diphtheriae.
3. F.H., a 46-year-old female North
American Indian with a history of
alcoholism, was seen in the emergency
department with a 5-cm.-diameter in-
dolent ulcer on the left medial mal-
leolus. The ulcer had progressively
enlarged following laceration by

broken glass. She was treated with
cloxacillin and saline compresses. She
signed herself out of hospital and did
not return for follow-up. Cultures
from the ulcer yielded C. diphtheriae,
penicillin-resistant Staph. aureus and
Group A streptococci.
The patients were a heterogene-

ous group of middle-aged indigent
alcoholics and younger transient un¬

employed individuals, 35 of whom
were men and nine women. Two
patients were known to be drug
(heroin) addicts. Ten patients, five
men and five women, were North
American Indians.

The locations of the lesions are

presented in Table I. Twenty-
four patients had ulcerating le¬
sions, most of which were in-
dolent and deep. Ulcers on the
feet were commonly multiple, but
the clinical appearance of the le¬
sions suggested no specific bacterial
etiology. Infected lacerations and
abrasions occurred in 11 patients,
and a miscellaneous group included
infected burns, eczema, an infected
postoperative incision and one case
of acute conjunctivitis. Erythromy¬
cin and penicillin were the antibio¬

tics most frequently used for the
initial treatment, and all but five
patients received some antibacterial
agent. In those patients who re¬
turned to the clinic for follow-up
and in the six who were admitted
to the hospital for treatment, heal¬
ing of the lesions was slow, and in
several instances C. diphtheriae
could still be grown from the
wounds after eight or more days of
antibiotic therapy; none of the or¬

ganisms had altered in their sensi¬
tivity to antibiotics. Neither myo¬
carditis nor neuritis was recognized
in any of the hospitalized patients,
or in any of those who returned
to the out-patient clinic.

Bacteriology of lesions

C. diphtheriae, Staphylococcus <m-
reus and streptococci were isolated
from the lesions of 36 of the 44 pa¬
tients. In four cases C. diphtheriae
was found in association with Staph.
aureus and in a further four with
streptococci. Gravis strains of C.
diphtheriae were found in 40 of the
44 cases, the other four being in-
termedius9 and all isolates had posi-
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FIG. 1..Occurrence of cutaneous and respiratory diphtheria, Vancouver General
Hospital, June 1968 to April 1972.

Table I Table H
Distribution of lesions in 44 patients Organisms found in cutaneous lesions and antibiotic sensitivity in 44 patients

?Antibiotic discs: penicillin G 2 units, tetracycline 5 jxg., erythromycin 2 yjg.
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tive virulence tests. Serologic typing
of the first 22 strains of C. diph-
theriae revealed that 16 were gravis,
type II, two were gravis non-typable
and four were intermedius. The last
22 isolates have all been gravis
strains (starch positive) but are un-
typed as yet.

All cultures of C. diphtheniae
were judged sensitive to penicillin G
and erythromycin, using 2-unit
penicillin G discs and 2-,fg. erythro-
mycin discs. Inhibitory zones pro-
duced by 5-,ug. methicillin discs av-
eraged 14 to 19 mm., and the MIC
for this agent using four gravis iso-
lates was 1 ug. However, with 1-,.ug.
cloxacillin discs inhibitory zones
were small or absent entirely, and
the MIC for cloxacillin was 2 ,ug.
for two strains and 4 ug. for a fur-
ther two strains. The bacteriologic
findings in the 44 cutaneous infec-
tions are summarized in Table II.
The incidence of tetracycline re-

sistance in the Staph. aureus strains
was higher than the 10 to 11%
figure that we have found in hos-
pitalized patients in 1971-1972. Al-
though tetracycline resistance was
not found in any of the cultures of
Group A streptococci, it was found
in almost half of the non-group A
streptococci. It is believed that most
or all of the latter are Group B
streptococci and our local experi-
ence is that serologically proven
Group B streptococci are frequent-
ly resistant to tetracycline.

Faucial diphtheria
The occurrence of faucial diphtheria
in relation to the cutaneous infec-
tions is shown in Fig. 1. There
were, in all, 25 cases of respiratory
diphtheria. Only six of the 25 had
a severe illness but three of these
patients died, two with gravis infec-
tions and one with an intermedius
strain infection.

Discussion
In Ceylon' and in the islands of
the South Pacific3 a high incidence
of C. diphtheriae in skin ulcers in
native children has been reported,
and the early Schick conversion
found in this population has been
attributed to the cutaneous lesions.
Liebow' observed both faucial and
cutaneous diphtheria in American
servicemen stationed in the South
Pacific in areas where skin infec-
tions amongst the native children
were common. He and others5 sel-

dom saw myocardial or neurological
complications following cutaneous
infections, but in British prisoners
of war in Singapore in 19431 a se-
vere outbreak of cutaneous diphthe-
ria followed closely an epidemic of
faucial diphtheria. Neuritis or myo-
carditis developed in 28% of the
cases, a figure similar to that seen
in cutaneous infections in troops in
Burma.4 The severity of these cases
was thought to be due to a humid
climate, lack of facilities for per-
sonal hygiene, and in the case of
the prisoners of war, malnutrition.

Cutaneous diphtheria in North
America, although less common,
has been reported from Alabama
and Louisiana5 and from the north-
ern areas of Canada." The major-
ity of- cases in the Canadian reports
have been among North American
Indians. Both toxigenic and non-
toxigenic strains have been noted
in cutaneous infections.2 6
An outbreak of diphtheria in

skid-row men was seen in Omaha,
Nebraska in 1962,8 but skin infec-
tions were not mentioned in that
report, nor were they common dur-
ing or following the San Antonio,
Texas outbreak in 1970.11

The number of cutaneous diph-
theritic infections seen in our clinic
must represent only a fraction of the
cases that are actually occurring,
indicating a large reservoir of toxi-
genic strains in this population. It
is uncertain whether transmission is
primarily from the respiratory tract
to skin or from skin to skin, but it
has been shown that C. diphtheriae
can survive in floor dust for at least
14 weeks.' Contaminated blankets
were thought to be the source of
the dust. This aspect deserves fur-
ther investigation.

The finding that our isolates were
relatively resistant to cloxacillin is
in keeping with McCloskey's ob-
servation10 that oxacillin was evalu-
ated as ineffective for the strains of
C. diphtheriae isolated during the
San Antonio epidemic of 1970.
Antibiotic sensitivity tests on the
various organisms found in the cu-
taneous lesions in our patients sug-
gested that erythromycin might be
useful as a single oral antibiotic,
but neither this drug nor combina-
tions of penicillins were able to
eradicate C. diphtheriae rapidly
from the lesions in those patients
where follow-up cultures were car-
ried out.

Our recent experience has em-
phasized that the presence of sta-
phylococci or hemolytic streptococci
in a wound culture should not deter
one from identifying fully any "diph-
theroid" which may also be present.

RWsume
Chez 44 malades indigents exami-
nes a l'urgence du service externe
de l'h6pital, dont 43 avaient 6te vus
durant les 16 derniers mois de la
periode de l'etude, on a cultiv6 le
Corynebacterium diphtheriae (ba-
cille de Loffler) a partir des isolats
preleves des lesions cutanees. Dans
tous les cas, coexistaient egalement
dans les plaies des staphylocoques
ou des streptocoques hemolytiques.
La frequence des cas de dipht6rie
clinique avait augmente durant les
quelques mois precedant et che-
vauchant la periode de la decou-
verte des lesions cutanees. Les sou-
ches du type gravis, responsables de
la majorite des infections, etaient
sensibles a l'erythromycine et a la
penicilline, mais relativement resis-
tantes a la cloxacilline.
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