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NASAL CARRIAGE OF STAPHYLOCOCCUS AUREUS IS A

MAJOR RISK FACTOR FOR SURGICAL-SITE INFECTIONS

IN ORTHOPEDIC SURGERY

Mathijs D. Kalmeijer, MSc, PharmD; Ella van Nieuwland-Bollen, ICP; Diane Bogaers-Hofman, ICP; Gerard A.J. de Baere, MD; 
Jan A.J.W. Kluytmans, PhD

OBJECTIVE: To determine the relative importance of dif-
ferent risk factors for the development of surgical-site infections
(SSIs) in orthopedic surgery with prosthetic implants.

DESIGN: In a cohort of 272 patients, the following possible
risk factors were studied: age, gender, method of hair removal,
duration of operation, surgeon, underlying illness, and nasal car-
riage of Staphylococcus aureus. Infections were recorded following
the Centers for Disease Control criteria. The relation between risk
factors and SSI was tested in univariate and multiple logistic
regression analysis.

SETTING: Community hospital in Breda, The
Netherlands.

RESULTS: 18 (6.6%) of 272 patients experienced SSI: 11

superficial and 7 deep SSI. These infections led in three cases to
removal of the prosthesis and caused 286 extra days in hospital.
The main causative pathogen was S aureus. In multiple logistic
regression analysis, the following factors were independent risk
factors for the development of SSI: high-level nasal carriage of S
aureus (P=.04), male gender (P=.005), and surgeon 1 (P=.006). The
only independent risk factor for SSI with S aureus was high-level
nasal carriage of S aureus (P=.002). 

CONCLUSION: High-level nasal carriage of S aureus was
the most important and only significant independent risk factor for
developing SSI with S aureus (Infect Control Hosp Epidemiol
2000;21:319-323).

One of the most important risk factors for the devel-
opment of surgical-site infection (SSI) is the degree of con-
tamination of the wound at the moment of surgery.1,2

Although orthopedic surgery typically is classified as
clean, and strict aseptic techniques and antimicrobial pro-
phylaxis commonly are employed, SSIs continue to be
important complications.2 In several large studies, infection
rates between 1.3% and 2.9% were reported.3-6 In a recent
Dutch multicenter surveillance study, the following infec-
tion rates were found: collum fractures, 3.1%; replacement
of femur head, 6.0%; total hip prosthesis, 3.0%; and total
knee prosthesis, 4.1%.7 These infections, and especially the
deep prosthetic infections, can have serious consequences
for the patient and are associated with high extra costs of
care.8-13 In this prospective cohort study, the relative impor-
tance of different risk factors for SSI in patients undergoing
orthopedic surgery with prosthetic implants was evaluated.

METHODS

Study Population 
The study was performed from June 1995 until April

1996 at the department of orthopedic surgery at the
Ignatius Hospital, Breda, The Netherlands. All patients
undergoing hip, knee, or back surgery in which prosthe-

ses were implanted or revised were included. Patients
were included only once. Generally, patients were admit-
ted the day before surgery. On that day, hair removal was
performed, and a nasal swab was taken for culture.
Cefamandole was given as perioperative antibiotic pro-
phylaxis to all patients, according to the schedule of the
hospital guideline: 1 g 30 to 60 minutes before surgery fol-
lowed by 1-g doses 8 and 16 hours thereafter. All proce-
dures were performed in a standard operation theater
with standard air conditions (no ultraclean air) and stan-
dard clothing.

Variables and Surveillance Method
The following variables were recorded: age, gender,

date of admission, method of hair removal, type of proce-
dure, date of surgery, date of discharge, total length of
hospital stay, postoperative length of stay, duration of the
operation, surgeon (numbered 1 to 6), and presence of
malignancy or diabetes mellitus. The ward was visited
daily by one of the investigators. The medical records of
all patients were studied for the presence of SSI based on
criteria as defined by the Centers for Disease Control
(CDC).14,15 Date of onset and pathogens involved were
recorded.
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Nasal Culture
The day before surgery, both nares were sampled

using a Dacron swab. The swab was processed in the labo-
ratory the same day. A blood-agar plate was inoculated, and
the amount of Staphylococcus aureus in the nasal swab was
determined semiquantitatively using four quadrants. Two
levels of growth were distinguished: growth limited to the
first two streaks on the agar plate was defined as low-level
nasal carriage of S aureus; growth in the third or fourth
streak was defined as high-level nasal carriage of S aureus.

Statistical Analysis
Results were analyzed using the Statistical Package

for Social Sciences (SPSS, Chicago, IL). Differences
between groups were tested by the t test, Fisher’s Exact
Test, or Wilcoxon Sum Rank Test, analysis of variance with
Bonferroni correction, Kruskal-Wallis Test, or Mann-
Whitney Test when appropriate. To correct for interference
of the different variables, multiple logistic regression was
used. Statistical significance was accepted at P<.05.

RESULTS

Of the 272 patients included, 190 (69.9%) were
female. The mean age was 63 (standard deviation [SD],
14.5; range, 14-94) years. The mean duration of surgery
was 86.7 (SD, 43.3) minutes. The mean length of stay in the

hospital was 16.5 (SD, 9.6; range, 4-72) days. Table 1 shows
the different types of procedures and the corresponding
mean duration of the procedure, the mean age of the
patient, and the mean length of hospital stay. 

The operations were done by six surgeons. The num-
ber of operations per surgeon ranged from 24 for surgeon
2 to 79 for surgeon 1. Total hip, revision of total hip, and
total knee operations were performed by all surgeons,
except surgeon 3, who did not perform any total knee oper-
ations. All total knee revision operations were done by sur-
geons 1 and 4, and almost all back operations were done by
surgeons 5 and 6.

Hair removal was done by clipping or depilatory
cream (14.3%), by shaving with a razor blade (58.8%), or not
done (26.8%).

S aureus was carried by 27% of patients: 17% high-
level and 10% low-level.

Overall, 18 patients (6.6%) developed SSI (Table 1):
11 superficial and 7 deep (Table 2). S aureus was the
causative pathogen in 9 (50%), including 5 (71%) of 7 deep
SSIs. Six of the 9 patients with SSI caused by S aureus had
a positive nasal swab before surgery. All other pathogens
were isolated only once.

Table 3 shows the mean duration of operation, age,
and length of hospital stay associated with superficial,
deep, or no SSI. No significant relation was found between
mean age or duration of operation. Length of stay was sig-
nificantly related to SSI: those with superficial SSI stayed a
mean of 5 days longer than those with no SSI, and those
with deep SSI stayed a mean of 33 days longer. Besides this
prolongation in hospital stay, in three patients with a deep
SSI, the prosthesis had to be removed.

In univariate analyses, male gender, high-level nasal
carriage of S aureus, and having surgery performed by sur-
geon 1 were significantly associated with SSI (Table 4);
underlying illness and any nasal carriage of S aureus (high
or low level) were significantly associated with S aureus SSI. 

To correct for confounding, logistic regression analy-
sis was done for the outcomes “SSI” and “SSI with S
aureus.” Every variable recorded was included in the

TABLE 1
TYPE OF PROCEDURE AND CORRESPONDING NUMBER OF OPERATIONS, MEAN AGE, MEAN DURATION OF OPERATION, MEAN LENGTH OF

HOSPITAL STAY, AND NUMBER OF SURGICAL-SITE INFECTIONS (SSIS)

Mean (Standard Deviation)
Duration of Length of

Procedure Frequency Age, y Operation, min Hospital Stay, d No. of SSIs (%)

Total hip 136 65.3 (12.7) 77.6 (26.3) 17.3 (10.7) 12 (8.8)
Revision total hip 21 71.0 (11.8) 94.1 (46.6) 20.0 (11.5) 1 (4.8)
Total knee 65 64.3 (11.2) 71.2 (17.8) 16.1 (6.5) 2 (3.0)
Revision total knee 7 64.7 (8.2) 89.7 (42.3) 17.3 (10.8) 0 (0)
Back 43 46.9 (16.0) 133.9 (72.3) 12.8 (7.7) 3 (7.0)
Total 272 62.5 (14.6) 86.7 (43.4) 16.5 (9.6) 18 (6.6)

Significant P values after correction for multiple comparisons: age: total hip vs back: P<.001; revision total hip vs total knee: P=.04; revision total hip vs back: P<.001; total knee vs back: P<.001; and
revision total knee vs back: P=.04.
Duration of operation: total hip vs back: P<.001 and total knee vs back: P<.001. 
Length of hospital stay: revision total knee vs back: P=.047.

TABLE 2
ORGANISMS ISOLATED FROM SUPERFICIAL AND DEEP SURGICAL-
SITE INFECTION (SSI)

Superficial Deep Total
Organism SSI (%) SSI (%) SSI (%)

Staphylococcus aureus 4 (36) 5 (71) 9 (50)
Staphylococcus epidermidis 2 (18) 0 (0) 2 (11)
Pseudomonas aeruginosa 2 (18) 1 (14) 3 (16)
Other 3 (27) 1 (14) 4 (22)
Total 11(100) 7 (100) 18 (100)
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analyses. The following factors were independent risk fac-
tors for the development of SSI: high-level colonization with
S aureus (P=.04), male gender (P=.005), and surgeon 1
(P=.006). The only independent risk factor for SSI with S
aureus was high-level S aureus colonization (P=.002). 

DISCUSSION

High-level nasal carriage of S aureus by the patient
was the most important and only significant independent
risk factor for SSI with S aureus and also was a significant
independent risk factor for any SSI. This is the first study to
document this risk factor in orthopedic surgery with pros-
thetic implants. Nasal carriage of S aureus was identified as
a risk factor for SSI approximately 4 decades ago in several
excellent studies. In the late 1950s, the observation was
made that some patients developed infections with S aureus
strains that had been isolated previously at other sites from
the same patient and not from other potential sources in
the environment. In 1959, three independent reports were
published that had investigated primarily the relation
between nasal carriage of S aureus and the development of
surgical-wound infections.16-18 A number of studies followed
in the next decade, most of which showed a significantly
increased risk for development of a wound infection by
nasal carriers.19 The causal relationship was strengthened
by showing a correlation between the colonization density
of S aureus at the carriage site and the risk of infection.20-22

Recently, a case-control study was performed to evaluate
the importance of nasal carriage as a risk factor in cardio-
thoracic surgery for the development of sternal-wound
infection with S aureus after sternotomy.23 Preoperative
nasal carriage was identified as the most important risk fac-
tor (odds ratio, 9.6; 95% confidence interval, 3.9-23.7).
Moreover, phage typing of both the pre- and postoperative
isolates of S aureus showed that all 10 pairs were identical.
In our study, nasal carriage had a relative risk (RR) of 8.9
for SSI with S aureus, which is practically identical to
results for the patients in cardiothoracic surgery. An
increase in RR was observed when the number of colony-
forming units of S aureus present in the nasal cavity
increased. This dose-effect relationship strengthens the
causal relationship between nasal carriage and the devel-
opment of SSI. The carriage rate found in the present study
was 27%. In the general population, a mean carriage rate of

37.2% (range, 19.0%-55.1%) was found, based on many stud-
ies over the years 1934 to 1994.24 Therefore, the carriage
rate in the current study was within the expected range. 

The other risk factors for developing SSI that were
found to be significant in univariate analysis and remained
significant in logistic regression analysis were male gender
and surgeon 1. No explanation could be found for male gen-
der as an independent risk factor for developing SSI, and
male gender is not considered to be an important risk fac-
tor for SSI in general.2 A specific explanation for surgeon 1
being an independent risk factor could not be found either.
It is known that different surgeons can have different infec-
tion rates, and it has been shown that infection surveillance
and feedback of infection rates to surgeons leads to lower
infection rates, but the exact cause for this has never been
identified.3,5,25-29

The overall infection rate was 6.6%. The infection rate
for total hip replacements in this study was higher than in
a large Dutch multicenter surveillance study (8.8% vs 3.0%),
whereas the infection rate was lower for total knee replace-

TABLE 3
MEAN DURATION OF OPERATION, AGE, AND LENGTH OF POSTOPERATIVE HOSPITAL STAY BY SURGICAL-SITE INFECTION (SSI) OUTCOME

Mean (Standard Deviation)
Duration of Length of Postoperative

SSI Number Operation, min Age, y Hospital Stay, d

Superficial 11 82.3 (55.3) 68.4 (9.1) 20.6 (5.2)
Deep 7 108.4 (61.6) 64.9 (18.4) 48.4 (25.9)
None 254 86.3 (42.3) 62.1 (14.6) 15.4 (7.2)
P* NS NS <.01

Abbreviation: NS, not significant.
* Analysis of variance.

TABLE 4
RISK FACTORS FOR SURGICAL-SITE INFECTION ([SSI] UNIVARIATE

ANALYSIS)

Risk Factor RR CI95

Any SSI
Male gender 4.1 1.5-10.9
Underlying illness 2.6 0.9-7.7
Removing hair with razor blade 2.4 0.5-11.3
Surgeon 1 3.4 1.3-8.8
Staphylococcus aureus nasal carriage (any) 2.3 0.8-6.4
S aureus nasal carriage (high level) 3.1 1.1-9.0

S aureus SSI
Male gender 3.0 0.8-11.5
Underlying illness 4.4 1.1-17.0
Removing hair with razor blade 2.6 0.3-22.1
Surgeon 1 3.1 0.8-12.2
Staphylococcus aureus nasal carriage (any) 8.9 1.7-45. 5
S aureus nasal carriage (high level) 16.0 3.1-82.2

Abbreviations: CI95, 95% confidence interval; RR, relative risk.
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ment (3.0% vs 4.1%). Many other infection rates for ortho-
pedic surgery have been reported, varying from 1.3% to
6.0%.3-7 It is difficult, however, to compare infection rates.
Differences in surveillance methods, differences in the cri-
teria applied, and differences in characteristics of the
patient population are major causes of differences in infec-
tion rates.2 The prophylactic regimen also may influence the
SSI rate. In this study, a 24-hour schedule with two postop-
erative doses was used (it should be mentioned that this reg-
imen, although not uncommon, is not consistent with the
recommendation that prophylaxis not extend beyond the
end of surgery). Another factor that can influence the infec-
tion rate is the duration of follow-up. We performed follow-up
until discharge and included events identified when
patients were readmitted to the hospital. From the results
of a large Dutch multicenter surveillance study, the effect
of postdischarge surveillance in a comparable population
can be estimated.7 In that study 18,063 operations were
included, and surveillance was done according to the CDC
criteria and was extensively validated. The group “bone and
muscle surgery,” which is comparable with our group of
patients, consisted of 9,831 procedures. Some centers sys-
tematically performed postdischarge surveillance, others
did not. In the group of centers with postdischarge surveil-
lance, 38.4% of SSI were found after discharge; in the group
of centers without systematic postdischarge surveillance,
25.2% of SSI were found after discharge. Thus, without sys-
tematic postdischarge surveillance, 13.2% of SSI were
missed. Accordingly, we may have missed 10% to 15% of all
infections. However, these would be the late infections,
which typically are caused by organisms other than S
aureus. When a late deep infection with S aureus arises, this
would be a serious problem, which would result in re-
admission to hospital. Therefore, it is highly unlikely that
an important part of infections caused by S aureus would
have been missed, and therefore the conclusion regarding
the risk factor “nasal carriage” is valid. We might have
slightly underestimated the SSI rate, but this would con-
cern especially infections with organisms other than S
aureus. As a result, we might have slightly overestimated S
aureus as a risk factor, but the effect of the short duration
of follow-up should be very small and not influence the con-
clusions of the study. 

The complications associated with the 18 SSIs were
considerable. The 11 superficial infections were associated
with a mean prolongation of hospital stay of 5 days per
patient, or 55 days overall. However, the 7 deep infections
were associated with a mean prolongation of hospital stay
of 33 days per patient, for a total of 231 extra days. Besides
this, in three patients with deep SSI, the prosthesis had to
be removed; so, deep SSI have especially important impli-
cations for the patient and the hospital, and preventive mea-
sures should primarily be aimed at preventing deep SSI. In
deep SSI, S aureus was by far the most important organism
(71% of deep SSI). Risk-factor analysis showed that high-
level nasal carriage of S aureus in the patient was the only
significant, independent risk factor for developing SSI with
S aureus. Measures aimed at preventing SSI with S aureus

therefore should be directed toward eradication of nasal
carriage. A recent study found a significantly lower SSI rate
in cardiothoracic surgery after perioperative eradication of
nasal carriage with mupirocin nasal ointment.30 In that study,
an SSI rate of 7.3% was found before eradication of nasal car-
riage versus 1.7% in patients treated perioperatively with
mupirocin (P<.0001). A major disadvantage of the study was
the use of a historical control group, and therefore these
results need to be confirmed in placebo-controlled, random-
ized, double-blinded studies. Nevertheless, the concept of
perioperative eradication of nasal carriage is attractive.
Since nasal carriage is an important risk factor for the devel-
opment of SSI, eradication of this risk factor is likely to
reduce the SSI rate. Mupirocin nasal ointment is a relative-
ly cheap and safe agent, which is highly effective in eradi-
cating nasal carriage.19 A study on the cost-effectiveness of
mupirocin as perioperative prophylaxis showed that, pro-
vided that perioperative eradication with mupirocin is effec-
tive in a well-designed study, this measure will be highly
cost-effective.31 Therefore, we are now performing a double-
blinded, randomized, placebo-controlled study of
mupirocin in patients undergoing orthopedic surgery in
which prosthetic implants are used. 
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Andersen and coinvestigators
from the Department of Hospital
Infection, Ulleval University Hospital,
Oslo, Norway, analyzed hospital-
acquired infections (HAI) by repeated
point-prevalence studies (four each
year) performed simultaneously at 14
hospitals in a health region (860,000
inhabitants) during the period 1996 to
1998. The study included 3,200 beds
and 121,000 discharged patients each
year. An overall prevalence rate of
HAI of 6.5% (interhospital range, 1.4%-
11.7%) was found for the 32,248
patients studied. The rate of HAI was

reduced from 7.7% in 1996 to 5.9% in
1998. Smaller hospitals (<200 beds)
generally had lower rates of HAI,
community-acquired infections (CAI),
postoperative infections, and use of
antibacterial agents than the large
regional hospital (1,200 beds). 

HAI was reduced in nonoperat-
ed patients from 5.8% in 1996 to 4.4%
in 1998 and in operated patients from
13.2% in 1996 to 10.5% in 1998. The
risk of developing HAI was twice as
high after surgery. From 1996 to
1998, there was a reduction in uri-
nary tract infections from 2.4% to
1.7%, lower respiratory tract infec-
tions from 1.5% to 0.8%, and postoper-
ative wound infections from 5.7% to

4.3%, whereas septicemia remained
unchanged (from 0.5% to 0.4%).
Rehospitalization because of HAI was
registered in 0.6% (interhospital
range, 0.3%-1.1%) of patients. The CAI
rate in hospitals increased from 
8.3% in 1996 to 10.8% in 1998.
Approximately 16% (range, 14.4%-
20.6%) of the patients had an
infection.
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