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Abstract

To study the association of nasal staphy-
lococel with infection rates, quantitative nasal
cultures were obtained three times weekly
from over 400 patients who did not receive
antimicrobial drugs before surgery. There
was a significantly increased infection rate
in heavy nasal carriers (more than 100,000
colonies per swab) as compared with non-
carriers, but no significant increase in infec-
tion rates in light nasal carriers as compared
with noncarriers. There was no significant
difference in the numbers of staphylococei
isolated from untreated carriers of different
phage types or from carriers of staphylococci
of different antimicrobial resistance. In these
studies, only heavy nasal carriers were great-
er risks in postoperative infection. The pre-
dominance of resistant staphylococei or of
certain phage types from infections could not
be explained by the differences in the number
of staphylococei in the nasal reservoir of un-
treated carriers.
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There have been conflicting reports
over the increased frequency of infection
rates in nasal carriers of coagulase-
positive staphylococci as contrasted to
noncarriers (Weinstein, 1959; Williams
et al., 1959; Public Health Laboratory
Service, 1960; Moore and Gardner, 1963;
Bassett et al,, 1963). In the present
study, quantitative nasal cultures were
obtained from a group of patients before
surgical operations; the frequency of in-
fections after surgery was compared in
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patients who were not carriers of staphy-
lococei before surgery and in those who
were carrying different quantities of
staphylococci.

Materials and Methods

All patients admitted to 2 35-bed male
surgical ward were cultured three to five
times a week by quantitative methods for
nasal coagulase-positive staphylococei
(White et al., 1959). After surgery, pa-
tients were considered infected if frank
pus issued from the site of incision or
if the patients acquired furuncles, pneu-
monia, or other evidence of infection.

Coagulase-positive staphylococel from
each nasal culture and from lesions were
phage-typed (White, Foster, and Knight,
1959), and their susceptibility to penicil-
lin G, tetracycline, erythromycin, chlor-
amphenicol, methicillin, and kanamycin
was tested by plate dilution methods
(Jackson and Finland, 1951). Patients
were excluded from the study if they re-
ceived antimicrobial drugs before the
operations, or if they were admitted with
infections existing before quantitative
nasal cultures were obtained.

Results

The overall frequency of staphylo-
coccal infections after surgery in 4561
patients was 11%; 8% of patients who
were not carriers of coagulase-positive
staphylococcl before surgery, and 10%
of patients who were- nasal carriers of
fewer than 100,000 staphylococci per
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swab, acquired infections after surgery
(Table 1). In patients with progressive-
ly larger numbers of staphylococei in
the nose before the operation, the infec-
tion rates rose progressively, so that
the postoperative infection rate in pa-
tients with more than 1,000,000 coagu-
lase-positive staphylococci was 29%.

TABLE 1. Posloperative infection rates
in nasal carriers of different numbers
of coagulase-positive staphylococci*

No. of nasal No. of Infection
staphylococcei patients rate
%
0 345 8
10! to 10° 14 7
103 to 10° 15658 sl
10° to 105 26 19
>106 38 29

*Toral number of patients was 451; mean infection
rate was 11.

In infections acquired by patients who
were nasal carriers of coagulase-posi-
tive staphylococei before surgery, the
staphylococci isolated from the nose
before the operation were the same
phage types and had the same antimi-
crobial susceptibility as did the staphy-
lococcus isolated from the lesion of the
same patients in 66% of the cases.
There were no significant differences in
ages, types of operations, or types of
illnesses in noncarriers, light nasal
carriers, or heavy nasal carriers.

Staphylococei isolated from the le-
sions of 31 of the infected cases were
phage-typed, and their susceptibility to
antimicrobial agents was determined by

plate dilution methods; 55% of the staphy-
lococci were phage type 80/81, and the
remainder either were in phage group HI
or were nontypable, Two~thirds of the
staphylococci were highly resistant to
penicillin and tetracycline; one-third
were sensitive to all antimicrobial agents
tested.

Only 25% of the staphylococei isolated
from untreated nasal carriers were
penicillin~ and tetracycline-resistant, and
only 21% were phage type 80/81. There
was then a greater frequency of 80/81
phage types and of penicillin- and tetra-
cycline-resistant staphylococci in lesions
than could be explained by the prevalence
of these staphylococci in the nose of un-
treated patients. This predominance
might be explained in part if phage type
80/81 staphylococci were present in
larger numbers in the nose of 80/81 car-
riers than in carriers of other staphy-
lococceli, or if drug-resistant strains were
present in the nose in larger numbers
than were drug-susceptible strains. How-
ever, there was no significant difference
in the number of penicillin-sensitive
staphylococei in positive cultures as
compared to penicillin-resistant or mul-
tiple drug-resistant strains (Table 2).
Similarly, phage type 80/81 staphylococci
were not present in significantly larger
numbers in 80/81 nasal carriers than
were other phage types in the nasal car-
riers of staphylococci of different phage
types (Table 3).

The administration of antimicrobial
drugs did not decrease the frequency with
which staphylococei could be isolated
from nasal carriers. However, the

TABLE 2. Quantilative counts of nasal staphylococcal strains with different
antimicrobial resistance in univeated carriers

Noiiof | Only Penicillin- and Resistant All
to';: IRa G { Sensitive penicillin- tetracycline- to three penicillin-
staphylococe resistant resistant drugs resistant
10' to 103 54 (16%) 7 (8%) 10 (15%) 22 (20%)| 39 @5%)
10 to 10° 181  (54%) 54  (62%) 40 (64%) 48  (44%)| 142 (55%)
>10° 100 (30%) 27 (30%) 13 (21%) 38 (36%) 78 (30%)
Total 335 (100%) 88 (100%) 63 (100%) 108  (100%) 259 (100%)
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TABLE 3. szntimtive counts of nasal staphylococcal strains of different phage
types in untreated carriers

;zn1?3f1§§::éx : = III tybégile R R Ag0o1
10! to 103 4 (6% | 6 (8% |21 (7%)| 39 (25%) |13 (21%)| 18 (11%) | 83 (19%)
103 to 10° 14 (59%) |43 (55%)| 65 (54%)| 73 (50%) | 23 (38%)| 83 (57%)|218 (51%)
>10° 6 (265%) |29 (37%) | 34 (20%)| 36 (25%) | 25 @1%)| 46 (32%)|130 (30%)
Total 24 (100%) | 78 (100%) [120 (100%) [148 (100%) | 61 (100%) | 147 (100%) 431 (100%)'

staphylococci which were isolated from
carriers or patients treated with peni-
cillin, tetracycline, or with multiple
drugs were resistant to at least penicil-
lin and tetracycline significantly more
frequently than were the staphylococci
isolated from patients who received no
therapy (Table 4).

Discussion

These studies showed that untreated
patients who have high quantitative nasal
counts of coagulase-positive staphylo-
cocci before operations have a signifi-
cantly higher postoperative infection rate
than do either patients who are carriers
of smaller numbers or patients from
the positive cultures than in patients in
whom fewer staphylococci are present in

the positive cultures (White, 1961a). In
addition, heavy nasal carriers of coagu-
lase-positive staphylococci disseminated
their organisms onto their gkin and into
the air more frequently than did either
whom no staphylococei are isolated from
the nose before surgical operations.
Previous studies showed that staphylo-
coccl can be isolated from the nose more
consistently from patients in whom large
numbers of staphylococci are present in
nasal carriers of smaller numbers or
noncarriers (White, 1961b). AllL of these
studies suggest that quantitative nasal
cultures help differentiate heavy nasal
carriers, who are greater hazards to
themselves and who disseminate their
organisms more widely, from carriers
of smaller numbers who are less im-
portant in staphylococcal diseases.

TABLE 4. Nasal carriev rales for coagulase~-positive staphylococci and frequency
of multiple drug-resistant strains in treated and untveated patients

Per cent
Tréatmeit Treatment No. of Per cent resistant to
day cultures positive penicillin G and
tetracycline

Untreated 1lto 3 562 12 33
patients 4 to 6 356 22 28
7 to 9 250 24 40

10 to 12 164 23 28

Tetracycline 1to3 83 16 23
treatment 4 to 6 656 20 82
T5to ™9 35 40 93

10 to 12 22 54 83

Penicillin 1to 3 165 23 21
treatment 4 to 6 188 22 67
7T to 9 83 23 63

10 to 12 30 23 T

Multiple drug 1to 3 42 a3 43
treatment 4 to 6 36 28 80
7 to 9 19 37 100

10 to 12 f 43 100
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Differences in the quantity of staphy-
lococei in the nose of 80/81 carriers
or penicillin- and tetracycline-resistant
carriers, as compared to nasal carriers
of other strains or carriers of sensitive
organisms, were not sufficient to ex-
plain the increased frequency of 80/81
penicillin- and tetracycline-resistant
staphylococcal lesions., Carriers of re-
sistant organisms tend to disseminate
their organisms more widely onto the
skin and into the air than do carriers
of equal numbers of sensitive strains,
probably because disseminators are
more likely to have received antimicro-
bial drugs and, therefore, acquired re-
sistant forms to disseminate (White,
Smith, and Varga, 1963). Although dis-
semination was not tested in this study,
it is possible that increased dissemina-
tion by untreated patients or personnel
of resistant staphylococci was partially
responsible for the increased prevalence
of resistant staphylococcal infections.
In addition, treatment with antimicrobial
agents markedly increased the preva-
lence of resistant staphylococei in the
nose of treated patients. All of the fac-
tors would selectively increase the avail-
ability of drug-resistant staphylococci
in the environment,

The discrepancy between this and
other studies (Weinstein, 1959; Willlams
et al,, 1959) showing increased infection
rates in carriers of staphylococci as
compared to noncarriers, and studies
which did not show such a correlation
(Public Health Laboratory Service, 1960;
Moore and Gardner, 1963; Bassett et al,,
(1963), 18 not completely explained. The
present study is the only one which quan-
titated the nasal-carrier state, and only
heavy carriers had a significantly in-
creased Infection rate. Other methods
of collecting nasal cultures may detect
larger numbers of carriers of small
numbers of Staphylococei who do not have
an Increased risk of postoperative infec-
tions, and therefore mask increased in-
fection rates in heavy carriers, Further
quantitative studies of naga) and skin

carriage should help clarify these dig-
crepancies,

Although it is attractive to postulate
that the increased quantity of staphylo-
cocci in the nose is responsible for the
Increased postoperative infection rate, it
is equally possible that the presence of
large numbers of staphylococei in the
nose is only an indication of decreased
host resistance of a general or type-spe-
cific nature. The increased emphasis
on studies of host resistance to staphy-
lococei is a logical approach to this and
other problems in staphylococcal disease.
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