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Staphylococcal Carriage in Man
An Attempt at a Quantitative Survey

E. MUNCH-PETERSEN 1

The author reviews the published findings on the carriage of Staphylococcus pyogenes
var. aureus during the last two decades, dealing mainly with observations made in British
Commonwealth countries, Scandinavia and the USA. The importance of the role played by
staphylococcal carriers in the spread of infection both in hospitals and among adults and
children in the general population is clearly brought out and is ofparticular interest in view
of the current increase in resistance ofstaphylococcal strains to antibiotics.

There does not appear to have been any well-defined trend towards either an increase or a
decrease in staphylococcal carriage in the past twenty years; annual variations have been
quite considerable and the precipitate drop in the carriage rate in hospitals in 1949 (per-
haps due to the extensive use of penicillin) has since been made up. A particularly high
carriage rate was found among hospital staff and twice as high a rate among children born
in hospitals as among those delivered at home.

Closer study and better control ofstaphylococcal infections in hospital wards are clearly
necessary. It is appreciated, however, that, before more effective control measures can be
taken, there must be improvements in the present methods of sampling, in the testing of
strains for pathogenicity and in other techniques.

Staphylococcal carriage rate in man, not associated
with clinical signs, has received considerable atten-
tion during the last two decades. Here an attempt
is made to evaluate the published findings, especially
with a view to determining whether this rate is higher
now than it was twenty years ago.
The term " carriage rate of staphylococci " has

never been properly defined. Thus, the site or sites
to be examined to determine it are not universally
accepted; the frequency and mode of sampling, the
method of demonstrating the presence of the staphy-
lococci and the characteristics that may be accepted
for potentially pathogenic strains have not been
defined and commonly accepted. Finally, no method
of proving that a given staphylococcal culture is
pathogenic to man is yet available, although cir-
cumstantial evidence is therefore commonly accepted,
e.g., the results of tests for coagulase or haemolysis,
results of phage typing or resistance to antibiotics.

This contribution is based on findings of Staphy-
lococcus pyogenes var. aureus in various sites of

1 Institute of Agriculture, University of Western Australia,
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man, but not associated with clinical signs. Most
of the results published and used here were based
on one sample from one sampling site. Generally
a positive coagulase test (usually of one colony) and
sometimes haemolysis or presence of golden pig-
ment were required for the culture to be accepted
by the original author as S. pyogenes. Reports
dealing only with the finding of antibiotic-resistant
staphylococci have not been included in this survey.
Incidentally, the name (if any) given to the staphylo-
coccal culture has also varied in the published reports,
e.g., S. pyogenes or S. aureus, or variants of these.
Most of the data included here have come from

countries with a fairly high degree of similarity of
attitude to and practice of public health and hos-
pitalization, medical treatment and medication,
such as Australia, Canada, New Zealand, the
Scandinavian countries, the United Kingdom and
the USA; very few are from countries with less well
developed social welfare systems.

RESULTS

The sources of the staphylococcal cultures are
shown in the accompanying table.
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NUMBER OF STUDIES PUBLISHED ON
STAPHYLOCOCCAL CARRIAGE IN MAN,
CLASSIFIED BY SOURCE OF CULTURE

Adults
Source General Children

In hospital population a

Nose 94 45 20

Wound 21 2

Skin 15 3 4

Throat 10 2

Milk 3

Burns 2

Faeces 1 5

Umbilicus . 2

Eyes .1

Several sites 35 9 18

Total 180 62 50

a Including out-patients attending hospital.

Carriage rate in adults
When results of tests of all sites sampled in adult

populations at large were added up, 19091 cases
became available. They ranged from a minimum of
100 in 1942 to a maximum of 2278 in 1949. The
minimum percentage infected was 19.5 in 1958 and
the maximum 58.8 in 1951, with a mean of 29.6.
Similar figures for 28 715 cases in hospital were:
minimum number of cases 132 in 1938 and maximum
4202 in 1956; minimum percentage of infection
6.7 in 1948, maximum 64.7 in 1947, and a mean of
38.5. The annual carriage rates for hospitalized
and non-hospitalized cases are presented graphi-
cally in Fig. 1.

It will be noted that both curves show considerable
variation, that no obvious trend is noticeable and
that there is no obvious similarity of trend in varia-
tion of the curves for the two categories-hospital
populations and general populations. One striking
feature is the precipitate drop in the carriage rate
in the hospital population in 1949-perhaps caused
by the extensive use of antibiotics, especially peni-
cillin. The general trend immediately before and also

FIG. 1
ANNUAL CARRIAGE RATE OF COAGULASE-POSITIVE STAPHYLOCOCCI IN THE HOSPITALIZED

AND GENERAL (NON-HOSPITALIZED) ADULT POPULATION, 1937-59
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FIG. 2
ANNUAL NASAL CARRIAGE RATE OF COAGULASE-POSITIVE STAPHYLOCOCCI IN THE HOSPITALIZED

AND GENERAL (NON-HOSPITALIZED) ADULT POPULATION, 1937-59
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after this drop is about the same. This may perhaps
be interpreted as an indication that the over-all
hospital carriage rate is still about the same.
A thorough statistical analysis is hardly warranted

because of the wide spread of the figures and the
absence of definite criteria for " carriage " and for
the " causal organism ".1
When nasal carriage rates alone were considered

the following emerged. The minimum rate in the
population at large (8791 cases) was 21.5% in 1953
and the maximum 49.2% in 1949, with a mean of
34.0%. In the hospital population (10 350 cases)
the minimum rate was 32.0% in 1949, the maximum
59.2% in 1951 and the mean 47.5%. Again there
was no obvious trend in either of the two rates over
a period of years, as may be seen in Fig. 2.
The total figures for the carriage rates of out-

patients and the population at large were: USA and
Canada 16.3 %, Scandinavian countries 32.8%,
Australasia 36.7%, United Kingdom 37.7 %, and
the rest of the European countries for which data
were available 27.6% (minimum (13.6%) in southern
European countries and maximum (58.0%) in Ger-
many).
The total figures for the carriage rates of hospital

patients and staff in the countries with a reasonable
number of reports revealed that the USA had 28.2 %,

1 I am indebted to Mr N. S. Stenhouse, Division of Ma-
thematical Statistics, Commonwealth Scientific and Industrial
Research Organization, Perth, Australia, for this opinion.

Canada 30.0 %, southern European countries 28.1 %,
United Kingdom 33.1 %, Scandinavian countries
45.6 %, Australasia 46.0% and northern Europe
55.70.

Carriage rate in children

Surveys of the carriage rate in children are not
common and only a few deal with the carriage in
the same site. Hence, no good purpose would be
served by attempting an analysis similar to that for
adults. Most surveys were done on children in
maternity hospitals, and most isolations of staphylo-
cocci were attempted from nose, throat and skin and
some also from the eye, faeces and umbilicus. The
age of the children was not always stated.
A brief summary is attempted. Children born in

hospital readily become nasal carriers within a few
days, even hours, of birth. The higher the incidence
of carriage in the inmates of the hospital (especially
nursing staff), the higher the rate of infection in the
infants becomes. Children born at home may also
become nasal carriers, but the incidence would
appear to be about one half of that in hospital (see,
for instance, Cunliffe, 1949; Hurst, 1957a, 1957b;
Edmunds et al., 1955). However, in the course of
the first 6-12 months of life (at least outside hospital)
the carriage rate drops considerably, and keeps on
dropping until the age of 14-16 years. Yet, even
schoolchildren may have a high rate of carriage;
for instance, 83.1 % of 1000 in Norway, many
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thought to have been treated with penicillin (Vogel-
sang, 1951), compared with only 36.8% of 2764
healthy children in Canada (Saint-Martin, 1953;
see also Ludlam, 1953; Cunliffe, 1949; Laurell &
Wallmark, 1953).
Data from the following authors were also con-

sidered in the review of the carriage rate in children:
Crowley et al., 1941; Henderson, 1943; Torrey &
Reese, 1945; Corner, 1946; Draper & Brown, 1946;
Barber et al., 1949, 1953; Buttiaux & Pierret, 1949a,
1949b; Martyn, 1949; Taylor et al., 1949; Rountree
& Barbour, 1950; Castello & Maggia, 1951; Coven-
try & Isbister, 1951; Wilson & Cockroft, 1952;
Nelson, 1952; Wallmark, 1954; Webb, 1954; Barber
& Burston, 1955; Clarke et al., 1956; Rountree et al.,
1956; Rippon & Vogelsang, 1956; Loh & Abiog,
1957; Ruys, 1957; Cook et al., 1958; and Burkin-
shaw et al., 1958.

DISCUSSION

The true significance of the variation in incidence
both in the general population and in the hospital
population is difficult to assess, just as is the varia-
tion in the percentage rate for both categories in the
various countries or groups of countries. Some of the
reasons are discussed here-possibly there are others
not so apparent.
A perusal of the original papers which form the

basis for the figures just mentioned reveals that a
number of links in the chain that makes up " staphy-
lococcal carriage rate" may require separate
investigation. Among those which already have
received some attention are: the usefulness of a
" spot test "; the relative merits of sampling sites
and the importance of sampling technique; the
culture media used; the characteristics accepted for
the staphylococci, especially the coagulase test and
haemolysis test; whether an investigation of, for
example, one hospital will yield results of general
validity; and what influence the carriage rate in the
hospital population may have on that of the popu-
lation at large.

It would appear useful to attempt a brief survey of
these items.
Spot tests
For the most part the figures were based on

" spot tests ". The usefulness of such a method was
evaluated by Miles et al. (1944). Of 109 cases yielding
staphylococci on the " index day of sampling ",
68.8% were positive two weeks before, 77.1 % one
week before, as well as 78.5% of 65 remaining one
week after and 77.8% of 45 remaining two weeks

after the "spot test ". There were 83 negative
" index cases ", but 22.9% of these were positive
two weeks before the index and 25.3% one week
before. One week thereafter 29.6% of 54 remaining
cases (negative on the spot test) were positive and
two weeks thereafter 34.2% of 38 remaining cases.
The nasal test swabs were from nurses and hospital
patients.

Sampling sites

The nose usually yields staphylococci more
frequently than any other site sampled and, with the
skin, usually of the hands, is the site most often
sampled (see, for instance, Devenish & Miles, 1939;
Gillespie et al., 1939; Smith 1941; Howe 1954).
Occasionally the two sites yield the organism
equally frequently (Bartley, 1941).

Various skin sites of the human body may yield
staphylococci, but not equally frequently. Thus, of
ten skin sites of 50 young people the back of the
wrist yielded the organism most often (Williams,
1946). The larger the site swabbed the greater was
the chance of getting a positive culture (Williams &
Miles, 1949).
Examination of wounds, usually of hands, has

shown a great deal of variation. Immediately after
injury the carriage rate is not greatly different from
that of the uninjured skin, but the recovery rate of
organisms usually increases with time, and may
approach 90% when sepsis appears (see, for instance,
Grinnell, 1937; Miles et al., 1940; Spooner, 1941;
Hare & Willits, 1942; Pulvertaft, 1943; de Waal,
1943; Clayton-Cooper & Williams, 1945; Williams
& Miles, 1945). Burns treated in hospitals behave
similarly (Campbell, 1948; Korlof & Lofstrom,
1954). Post-operative wounds may also yield
staphylococci, and the rate of wounds so infected
appears to have increased in the period 1949 to 1953
(Howe, 1954).

In dealing with wounds, staphylococci have been
mostly considered, but micrococci may also warrant
attention. Micrococci were found in 85.4% of 432
fresh lacerations and 89.6% of 278 healing lacer-
ations (septic in neither case) and in 25.4% of 142
septic lacerations as well as in 11.0% of 345 other
septic lesions, whilst the corresponding incidence of
staphylococci (in the same order) was: 21.1 %,
37.0%, 82.3% and 88.2% (Williams & Miles, 1945;
see also Knight et al., 1956).

Recently the perineum has been shown to be an
important nidus for the staphylococcus (Hare &
Ridley, 1958; Ridley, 1959).
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Sampling techniques
A moistened swab of a wound (not septic) and a

piece of excised tissue yielded staphylococci in 51
and 60 cases, respectively, of a total of 228, but both
together in 95 cases (Williams & Miles, 1945).

Culture media

The first appearance of staphylococci in each of
three culture media was determined for 704 wound
samples, all known to harbour staphylococci.
Altogether, 90.5% appeared first in horse-blood
agar plates incubated aerobically, 2.4% in horse-
blood agar plates incubated anaerobically, and
7.1 % in meat mash from which horse-blood agar
plates were inoculated (Williams & Miles, 1945; see
also Knight et al., 1956).

Coagulase test

During 51/2 months 4840 swabs from 222 patients
examined at regular intervals yielded a mean
percentage of coagulase-positive strains of 19.2,
compared with 73.2% coagulase-negative, from the
nose, and 7.5 and 17.7%, respectively, from the
throat (Knight et al., 1956).

If the slide test is used to determine the coagulase
reaction about 10% of any large number of strains
can be expected to be negative in comparison with
the same strains tested with the tube test (Elek, 1959,
p. 214).

If swabs taken from the nose or throat and
suspected of containing staphylococci are tested
direct with the slide or tube test a positive reaction
may be absent, because of the simultaneous presence
of fibrinolytic streptococci of serological group A or
C, or Bacillus proteus-otherwise regarded as
contaminants (Salm, 1945).

Incidentally, it was pointed out that of alpha
haemolytic cultures 95% were coagulase-positive,
hence the two criteria of pathogenicity might be
taken together (Schwabacher et al., 1945; see also
Williams & Harper, 1946).

Haemolysis test

Details of the haemolysis test are not often stated;
yet considerable difference in reaction with one
strain may be found depending on the species of
animal from which the blood was obtained, and on
whether whole blood with circulating anti-alpha or
-beta haemotoxin or washed red cells were used (see,
for instance, Minett, 1937; Munch-Petersen et al.,
1945).

Variation in carriage rate
No two hospitals may have identical or even

similar rates of carriage of staff or of patients, nor
may the rate be similar between wards in the same
hospital (see, for instance, Colbeck, 1949; Ludlam,
1953; Vogelsang, 1953; Sompolinsky et al., 1957;
Canada, National Research Council, 1960). The
National Research Council of Canada, through
their Associate Committee on Control of Hospital
Infection, investigated 45 hospitals for six months.
Active infections in medical cases totalled 373 of
44 529 admissions (8.4 per 1000), but the range was
from 0 to 39.5; and there were infections in 790 of
55 068 surgery cases (14.3 per 1000), with a range
from 0 to 51.4.
Even where out-patients or patients received in

doctors' private surgeries were examined for nasal
carriage rate, caution has been suggested in accepting
the rate found, on the score that the staphylococcal
infection treated-e.g., a stye, a septic hand wound
or a boil-might be the ultimate site of the staphylo-
cocci originally found in the nose (Johnson et al.,
1960).

Carriage rate on admission of patients may well
be different from and usually lower than that found
during stay in or discharge from hospital (see, for
instance, Barber et al., 1953; Rountree et al., 1954;
Barber & Burston, 1955; Tunevall, 1955; Brodie,
Kerr & Sommerville, 1956; Shaffer et al., 1956).
Carriage rate of medical students or nurses in train-
ing would appear to be altered and usually increased
as they assume ward duties (see, for instance, Denton
et al., 1950; Rountree & Barbour, 1951; Brodie,
Sommerville & Wilson, 1956; Lund, 1956; Urbach
& Goetzke, 1956). For a number of nurses, at any
rate, the nasal carriage is temporary, as evidenced
by its disappearance during holidays, or by the sub-
stitution of a strain different from the " hospital "

strain, but resumption of duties results in return to
the usual rate (Hofstad & Vogelsang, 1960b).

In one hospital the nasal carriage rate of anti-
biotic-resistant staphylococci in surgeons, from
whom they may be transmitted to patients, dropped
from 42% to 10% between 1952 and 1955 (Havens
et al., 1956), yet that of surgeons in the USA was
estimated to be of the order of 33% (Benham et al.,
1956).
Even autopsies have been used to determine

staphylococcal infection rate in hospitals (see, for
instance, Beamer et al., 1944; de Vries & Pritchard,
1955; Godfrey & Smith, 1948; Moberg & Fosgreen,
1958); it has ranged from 0 to 3.7%. But it has been
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pointed out that infection was acquired within the
hospital in less than 50% of cases (Godfrey & Smith,
1958; Hassall & Rountree, 1959).

Finally, attempts have been made to estimate
what effect a patient or newborn baby carrying a
hospital strain of staphylococcus may have on his
family members when discharged. The results were
equivocal (see, for instance, Goslings & Buchli,
1958; Hurst, 1958; Wentworth et al., 1958a, 1958b;
Hofstad & Vogelsang, 1960a); however, positive
proof now seems supplied (McDonald et al., 1960).

Since there were so many obvious difficulties in
assessing whether the variations in carriage rate,
at least in hospital populations, were significant, the
suggestion was made (by Dr J. F. Woolcott) that an
approximation to the true state of affairs might be
had from the annual incidence of breast abscesses of
child-bearing women delivered in hospitals.

Accordingly, reports from maternity hospitals
and others with maternity departments were studied
and questionnaires sent to representative institu-
tions in various countries.

The efforts proved almost fruitless. The reason
was sometimes absence of records or of bacteriologi-
cal data on such cases, sometimes that there had
been a change in the delivery place from home to
hospital. Even in New South Wales, Australia,
where breast-abscesses (at least when developing in
hospitals) are notifiable, no reasonably accurate
records were available (Cuthbert-Browne, 1959).

The conclusions are inescapable:
(1) A- generally accepted method of determining

staphylococcal carriage rate is required.
(2) Generally accepted criteria of " potentially

pathogenic staphylococci" are needed.
(3) The significance of "micrococci " should be

properly investigated.

When these things are done in a number of coun-
tries over a number of years we shall know, rather
than guess at, the variation in and significance of
staphylococcal carriage rate not associated with
clinical signs.
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RItSUMIt

La redoutable resistance des staphylocoques aux anti-
biotiques a donne un regain d'actualit6 a la question des
porteurs de staphylocoques ne presentant pas de signes
cliniques, et susceptibles de transmettre ces germes, soit
en h6pital soit dans l'ensemble de la population.

L'auteur passe en revue la litterature des vingt der-
nieres ann6es, relative A la fr6quence de ces porteurs de
germes, principalement dans des pays du Commonwealth
britannique, la Scandinavie et les Etats-Unis, dont le
niveau de vie est assez eleve et les techniques de recherche
A peu pres les memes. Le total des sujets examin6s est de
19 091 dans la population, et de 28 715 dans les
h6pitaux.
Des variations considerables ont e observ6es d'une

annee A l'autre. Dans la population, le taux des porteurs
etait minimum en 1958 (19,5%) et maximum en 1951
(58,8 %); en hopital, il etait minimum en 1948 (6,7%) et
maximum en 1947 (64,7 %).

On ne peut d6celer aucune tendance g6n6rale au cours
de ces vingt ann6es, dans les pays envisages. Seule la
chute brusque des chiffres hospitaliers en 1948 est A sou-
ligner. Elle est peut-etre due A l'usage g6n6ralis6 de la
penicilline, et n'a ete que temporaire.

L'analyse des donn6es reunies pour la periode en ques-
tion a revele plusieurs lacunes importantes, parmi les-
queUles l'absence d'une definition uniforme du terme
<i taux de porteurs de staphylocoques* et l'absence de critere
de classement de ces germes en pathogenes virtuels ou r6els.

II est donc n6cessaire, avant de preconiser des mesures
de lutte, de mettre au point des m6thodes d'echantillon-
nage et d'examen des souches pour leurpouvoirpathogene.

Lorsque, sur la base de methodes sures, on aura
examine dans de nombreux pays et pendant plusieurs
annees les taux de porteurs de germes, il sera peut-etre
possible d'expliquer - et non de supputer - les causes
des variations observees.
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