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Abstract : The relationship between the carriage of nasal methicillin—resistant Staphylococcus au-
reus (MRSA) by medical staff and the detection of MRSA in intensive care unit (ICU) patients
was studied by a prospective comparison of the pulse—field gel electrophoresis (PFGE) patterns
of MRSA bacterial isolates. Nasal cultures were obtained from medical staff both at the begin-
ning and the end of the study. One hundred and twenty —nine consecutive patients were
screened by a nasal swab at the time of ICU entry and weekly thereafter until either discharge
or death. Extra—nasal samples were taken when infection was suspected. Isolated MRSAs were
classified into 12 PFGE types. More than half of the nasal MRSA carriers (16 of 27) and more
than three—quarters of the patients with extra—nasal MRSA isolates (15 of 19) had identical
PFGE types. Furthermore, the PFGE types of all 14 isolates from extra—nasal sites of the carri-
ers were identical to the nasal isolates. The most prevalent strains did not appear to be trans-
mitted to the ICU patients by staff nasal carriers. However, other strains were readily
transmitted from staff carrier to patients. The strain difference in transmissibility may ex-
plain why there continue to be conflicting reports regarding the involvement of nasal carriage of
MRSA by medical staff and outbreaks in patients.
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Introduction

Methicillin—resistant Staphylococcus aureus (MRSA)
is one of the most common causes of endemic and
epidemic infection acquired in hospitals, and it also
results in substantial morbidity and mortali-
ty. Nasal carriage serves as a major reservoir of
S. aureus. V19 Several studies using molecular typ-
ing methods that have been conducted at a single
point of outbreak reveal a clonal relationship be-
tween MRSA that are carried in the nares of medi-

cal staff and the epidemic strains from patients.

Such clonal relationships among strains have led
to the suggestion that the nasal carriage of MRSA
by medical staff may be responsible for patient
outbreaks.” 1918 However other studies have

failed to document such clonal relationships.19-2D
In an attempt to resolve the differing results in

studies on the clonal relationships of MRSA de-
tected during nasal carriage by medical staff and
MRSA transmitted to patients, we eradicated na-
sal MRSA in the medical staff by mupirocin nasal
ointment before entry into our study. We subse-
quently obtained the MRSA isolates from the

nares and the extra—nasal sites in intensive care
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unit (ICU) patients in a 6-month long prospective
study. Pulsed —field gel electrophoresis was used
to compare DNA types of the patient isolates with
isolates from the nares of the medical staff that

were obtained at the end of the study.

Subjects and Methods

Patient study

This study was conducted at the 32-bed Depart-
ment of Emergency and Critical Care Medicine of
Fukuoka University Hospital. The Fukuoka Uni-
versity Hospital has several ICUs and the ICU used
for this study was the one in our department. The
ICU has 10 beds with 2 private rooms and provides
medical and surgical treatment, including pediatric
and burn care. All patients enter the ICU
through admission bays designed for initial assess-
ment and treatment.

Swabs were prospectively obtained from the ante-
rior nares of patients at the time of ICU entry af-
ter admission to our department and then weekly
thereafter, until they were either discharged from
the ICU or death. Sample collection was carried
out between 1 July and 31 December 1997. Clinical
specimens from extra—nasal sites were cultured
whenever any infection was suspected. When
MRSA was i1solated from extra—nasal sites, addi-
tional nasal cultures were also obtained immedi-
ately thereafter.

The patient data was collected for age, gender,
underlying disease, body sites from which MRSA
had been recovered, and the length of stay in the
ICU. The physical location of the patient prior to
admission to ICU;for example, a non—hospital site,
another hospital, or another ward within our hos-
pital was also recorded. The severity of illness at
the time of ICU entry was assessed using the
acute physiology and chronic health evaluation
(APACHE) I score.?? MRSA infections were de-
fined according to the Centers for Disease Control
(CDC) standard definitions.2

Identification of medical staff carriers and eradication
of MRSA

Nasal cultures were obtained from the medical
staff nurses and physicians who came in close con-
tact with patients with MRSA. The initial nasal

screening (first surveillance) was done before en-
try into the study. During the month of June, na-
sal swabs were collected 3 times over a 2 week
period. Nasal cultures were obtained 3 times over
a 2 week period because of irregular sched-
ules. Any medical staff members that were relo-
cated to our ICU during this study were also
screened at the beginning of their employ-
ment. The individuals with an MRSA isolate
from 1 or more cultures were considered to be staff
carriers and treated with mupirocin nasal oint-
ment (Bactroban®, SmithKline Beecham Seiyaku
K.K., Tokyo) 3 times a day for 3 days before study
entry. Nasal cultures were performed 4 weeks af-
ter mupirocin treatment to assess whether or not
MRSA had been eradicated. Nasal carriers among
the medical staff who had relocated during the
study period were also eradicated by mupirocin
nasal. Patient screening was initiated in July, fol-
lowing the first period of staff surveillance and it
continued through December. The final period of
obtaining cultures from the medical staff (second
surveillance) occurred during a 2 week period in
December and proceeded through the last period of
patient screening.

To assess the extent of contact with the patients
by medical staff, the names of all staff members
who had signed records during a patient’s hospital
stay were reviewed. Infection control precautions
were instituted when MRSA was isolated from a
patient. In addition to standard precautions, con-
tact precautions were encouraged by the use of sur-
gical masks, gowns, gloves, and handwashing by
the medical staff. In addition, all patients who
were found to have MRSA were either cohorted or
isolated.2?

Microbiological methods

Anterior nares cultures were obtained by rotat-
ing rayon-tipped swabs (Seedswab No. 1, Eiken Ka-
gaku Co., Ltd., Tokyo) in the nostrils. The swabs
were sent to the hospital clinical laboratory where
they were first inoculated directly on 5% sheep
blood agar (Nissui Co., Ltd., Tokyo). After incu-
bation for 48 h at 35°C, suspected colonies of S. au-
reus were subcultured on salt egg yolk agar (Nissui
Co., Ltd., Tokyo) for 24h at 35°C. Identification
of S. aureus was based on both morphology and a S.
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aureus specific agglutination test Staphaurex (Mu-
rex Biotech Ltd., Dartford, United Kingdom).
The methicillin susceptibility of S. aureus isolates
was determined using standardized methods?® af-
ter 24 h incubation at 35°C on Mueller-Hinton agar
containing 4% NaCl and 6 ¢ g of oxacillin per milli-
liter (Becton Dickinson & Company, Franklin
Lakes, NJ). Any growth on these plates was an
indication of methicillin resistance. The isolates
were stored frozen at —60°C until further use.

Genomic DNA from MRSA isolates was digested
with Smal before analysis by PFGE.2® We inter-
preted the PFGE patterns according to Tenover s
criteria.?” Specifically, isolates with identical re-
striction patterns or those with differences in 1-3
bands were considered to be clonally identical,
while isolates differing by 4 or more bands were
considered to be different.

Case Definitions

Patients with a positive nasal culture within 48
hrs after ICU entry were defined as nasal carriers
at the time of ICU entry. Those with a negative
nasal culture at the time of ICU entry but a posi-
tive culture 48 hrs later were defined as nasal carri-
ers after ICU entry. In addition, patients were
designated as index nasal carriers when their iso-
lates exhibited PFGE patterns encountered for the
first time during the study period.

Statistical Analysis

The values are presented as the mean=®standard
deviation. Fisher’s exact test was used to compare
proportions and Student’s t—test to compare
means. P values of less than 0.05 were considered
to be significant and all reported P values are two—
tailed.

Results

Patient characteristics

Of the 129 patients (58.519.4 yr. ; 84 male, 45 fe-
male), 86 were medical and 43 were surgical pa-
tients, and the mean APACHE II score on
admission was 59.5%£31.8. There were 46 patients
admitted from other facilities, 4 from another
ward within this hospital, and 79 had been trans-
ferred from an accident site by emergency medical
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services. The mean duration of ICU hospital stay
was 7.018.4 days. The diagnoses on admission in-
cluded either congestive heart failure or cardiovas-
cular disease (n=27), trauma (n=26), gastro-
intestinal, hepatic or biliary disease (n=25), neuro-
logical disease (n=22), acute respiratory failure (n
=16), cerebral hypoxia that occurred following car-
diopulmonary resuscitation (n=4), severe burn
(n=3), and other conditions including poisoning,
heat stroke and sepsis (n=6).

There were 33 patients with MRSA during the
study period. Twelve had been in other hospitals
prior to admission to our facility and 3 had been
transferred from another ward within this hospi-
tal. There were no significant differences between
patients with or without MRSA regarding age,
gender, or the mean APACHE III score.

During the study period, MRSA infections were
observed in 7 patients with pneumonia, 1 with a
surgical wound infection, 1 with both a surgical
wound infection and acute cholecystitis, 1 with
burn wound infection and sepsis, and 1 with a sur-
gical wound infection and acute colitis. All of the
patients with MRSA infections required systemic
antibiotic treatment with either arbekacin or

vancomycin.

MRSA isolates from patients

Among the 129 admitted patients, there were 27
(20.9%) nasal MRSA carriers and 102 (79.1%)
nasal non—carriers (Figure 1). Of the 27 nasal car-
riers, 11 (8.5%) were nasal carriers at the time
of ICU entry and 16 (12.4%) became nasal carriers
after ICU entry. A total of 19 nasal carriers (4 na-
sal carriers at the time of ICU entry and 15 who be-
came nasal carriers after ICU entry) had MRSA
isolates from extra—nasal sites. Specifically, 16
isolates were from the sputum, 6 from surgical
wounds, 4 from stool, 3 from blood, 1 from bile,
and 1 from urine. Of the 102 nasal non—carriers, 6
had MRSA isolated from sputum. As a result, a
total of 25 patients (19 nasal carriers and 6 nasal
non-carriers) had MRSA isolates from extra—na-
sal sites. MRSA was isolated from the sputum in
22 patients, making it the most frequent site of
detection. No MRSA isolates were detected in the
other 96 patients throughout the course of the
study. The detection of MRSA in extra—nasal
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Figure 1. The nasal carrier state and isolation from extra—nasal sites of methicillin—resis-
tant Sraphylococcus aureus in intensive care unit patients.

sites was significantly more frequent (p<0.0001,
Fisher’s exact test) in nasal carriers (19/27) than

in non — carriers (6/102).

MRSA isolates from medical staff

Nasal cultures were obtained from 98 medical
staff members, consisting of 33 physicians and 65
nurses. At the first surveillance, 5 physicians
and 6 nurses (11.2%, 11/98) were positive for
MRSA. Recultures of staff carriers performed 4
weeks after nasal eradication by mupirocin nasal
ointment could not be done for 1 staff member who
retired and 1 who had been transferred to another
hospital. Nasal eradication of MRSA was con-
firmed for 8/9 (88.9%) staff carriers. Second sur-
veillance nasal cultures were obtained from 91
medical staff, consisting of 27 physicians and 64
nurses. At that time 5 physicians and 7 nurses
(12/91 or 13.2%) were positive for MRSA. Among
the 12 MRSA positive staff, 2 carriers were posi-
tive on both first and second surveillance and the 1
individual who could be treated had eradication
that was confirmed by a nasal culture after the
first surveillance. The second individual could not
tolerate the mupirocin treatment. Thus, 10 medical
staff members were newly identified as nasal carri-
ers on second surveillance. None of the staff carri-
ers had a history of skin lesions or any objective
evidence of MRSA infection.

Comparison of DNA type of MRSA isolated from pa-
tients and medical staffs

The PFGE patterns were evaluated for 79 MRSA
isolates from 27 patient nasal carriers. The MRSA
were from 36 nasal and 26 extra—nasal isolates, 5
sputum isolates from 5 patients who were non—na-
sal carriers, and 12 nasal isolates from 12 staff car-
riers who were detected upon second surveil-
lance. The isolates were classified into 12 PFGE
types, designated as A to L. (Figure 2). Types A,
C, D, E, J and K gave PFGE patterns in the isolates
from both the patients and the staff carriers, while
types B, F, G, H and I were unique, in that they
were observed only in patient nasal carriers at the
time of ICU entry and not in medical staff
(Table 1). Types A (n=8) and C (n=6) were
the most prevalent strains among the patient nasal
carriers.

The nasal MRSA isolates from the patient had 11
PFGE types (A to K). The PFGE patterns of the
nasal isolates from the index nasal carriers that
were initially detected during the study were iden-
tified not only at the time of ICU entry (types A,
B, C, F, G, H, I and J), but also after ICU entry
(types D, E and K) (Figure 1). The 3 index nasal
carriers identified after ICU entry had the first
positive nasal culture between days 4 to 15 (mean
8.7) of ICU hospital stay. Among the 16 non—-in-
dex nasal carrier patients with PFGE types identi-
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Table 1. Pulsed—field gel electrophoresis (PFGE) deter-
mination of DNA types of nasal isolates ob-
tained from patients and medical staff at
second surveillance.
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Table 2. Pulsed —field gel electrophoresis (PFGE) deter-
mination of DNA types of extra nasal isolates
in the nasal carriers and non—nasal carriers.

nasal carrier

DNA type nasal non—

: . total
DNA type by Study subjects Total by PFGE  index  non-index carrier
PFGE Patients Medical staff

n=27 (n=12 A 1 b) 3 9
A 8 1 9 B - - - —
B 1 — 1 C - 2 1 3
C 6 3 9 D — 1 — 1
D 3 1 4 E 1 - — 1
E 1 1 2 F - - — —
F 1 — 1 G - - — —
G 1 — 1 H — - — —
H 1 — 1 I - - — —
I 1 — 1 dJ 1 1 — 2
J 2 4 6 K 1 1 1 3
K 2 1 3 L - - — —
L - 1 1 total 4 10 5 19

cal to those of the index nasal carriers, 3 were the McE A B C D EF G H I J K LMS

nasal carriers of types A, C, and D at the time of
ICU entry and 13 became nasal carriers of types A,
C, D, J, and K after ICU entry. The 13 non—index
nasal carriers after ICU entry had their first posi-
tive nasal cultures between days 6 to 24 (mean
12.5) of their ICU hospital stay.

The extra—nasal isolates from 14/19 nasal carri-
ers and 5/6 nasal non—carriers were available for
PFGE analysis and types A, C, D, E, J, and K were
identified. Of the 6 PFGE types identified, type A
was the most common (n=9) for the extra—nasal
isolates (Table 2). The extra—nasal isolates from
both the 10 non —index nasal carriers and 5 nasal
non — carriers had PFGE types identical to those of
the index nasal carriers (types A, C, D, J and
K). The PFGE types of the extra—nasal isolates
from all 14 of the nasal carriers were identical to
their nasal isolates.

Twelve nasal isolates from the staff carriers on
second surveillance exhibited types A, C, D, E, J, K
and L (Table 1). These 7 PFGE types, with the ex-
ception of type L, were also observed in the patient
isolates. Type J (n=4) prevailed among the staff
carriers. The first surveillance nasal isolates of 2
staff carriers who were positive at both surveil-
lance times were also evaluated by PFGE. The iso-
lates from 1 staff carrier who could not use
mupirocin had PFGE type D on both surveil-
lances. However PFGE type M was obtained at

- - o
- -
d - el -
E
- = B = = -
- = -

Figure 2. The pulsed —field gel electrophoretic patterns
of methicillin — resistant Staphylococcus aureus
isolates from patients and medical staff.

Lanes A to L show the PFGE patterns of
types A to L of DNA digested with Smal. Mo-
lecular size standards are in Lane MS.
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Figure 3. The temporal relationships of consecutive hospital stays of the patients
with epidemic methicillin—resistant Staphylococcus aureus (MRSA) strains.
A 1 to 10 : patients with type A strain; C 1 to 8 : patients with type C
strain. Hospitalization without MRSA strains in specimens (:-) Hospi-
talization with MRSA strains in specimens (—).

first surveillance and type J at second surveillance
in the staff carrier with confirmed nasal eradica-
tion after mupirocin treatment. The type M
strain was not detected in any of the patients dur-
ing the study period (data not shown).

Figure 3 shows the length of ICU stay and time
course of isolation of MRSA from the patients
with type A and C strains. There were some peri-
ods during which patients with type C strain had
no detectable MRSA, although the patients with
type A strains were consecutively observed.
Similarly, some periods with no detection were
seen among the patients with type D, E, J and K
strains.

The type A strain was also detected from 1 staff
carrier on second surveillance, but this individual
had relocated in December to the ICU from another
ward within this hospital and had no known subse-
quent direct contact with any ICU patients with
type A strain. However, type C strain was de-
tected from 3 staff carriers on second surveil-
lance. All 3 staff carriers had a history of contact
with patients who yielded the identical
strain. Similarly, type D, J and K strains were
also detected in 1 to 4 staff carriers. Each of these
staff carriers had contact with patients, from
whom the corresponding strain was subsequently

1solated.
Discussion

Based on the results, strains were classified as (1)
those which were isolated from only index nasal
carriers and not from other patients or medical
staff (types B, F to D), (2) those which were isolated
from patients but not from medical staff members
(type A), and ) those which were isolated from
both patients and medical staff members (types C
to E and J to K).

The following important findings were obtained
by PFGE analysis, done in conjunction with pro-
spective isolation of epidemic MRSA strains from
both patients and medical staff. First, among the
27 nasal carriers, nasal isolates of 16 non—-index na-
sal carriers showed the identical PFGE strains as
those of the previously admitted index carriers
(Figure 1). In addition, the extra—nasal isolates
of 15/19 patients including 10 nasal carriers and 5
nasal non-carriers also revealed the presence of a
strain identical to those of the previously admitted
patients (Table 2). As a result, more than half
(16 of 27) of the patient nasal carriers and more
than three—quarters of the patients with extra—na-
sal isolates (15 of 19) were infected by nosocomial
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transmission. Moreover, all of the extra-—nasal
isolates from the patient nasal carriers had PFGE
types that were identical to their nasal iso-
lates. These results suggest that a majority of
the patient nasal carriers had acquired MRSA by
nosocomial transmission, with subsequent trans-
mission to other sites or vice versa.

Second, at least 2 distinct modes of transmission
were recognized among the patients and staff
carriers. In the first mode, involvement of staff
nasal carriers was likely, based on the existence of
a period during which no patients with MRSA
were detected, as has been documented for the
transmission of the type C strain. The second
mode of transmission does not involve staff nasal
carriers. This is exemplified by the lack of type A
strain staff nasal carriers and a period of non —de-
tection of MRSAs between consecutive hospital
stays of the patients with type A strain. These
findings differ from those for type J strain, which
was the most prevalent among the staff carriers
but was detected in only 2 patients. These obser-
vations suggest that variability exists in the abil-
ity of different strains to colonize the nares or to
undergo transmission to other persons. Specifical-
ly, some cases which occur due to nosocomial trans-
mission, such as those for type A strain, appear to
be the result of direct contact with transiently con-
taminated hands of the medical staff during vari-
ous medical procedures rather than as a result of
the staff nasal carrier status. The different
modes of transmission of type C and type A strains
among the patients may partially explain the con-
flicting results regarding the role of nasal carriage
status of medical staff in patient outbreaks.

The origins of the nasal isolates from the 3 non—
index nasal carriers at the time of ICU entry and
the 3 index nasal carriers after ICU entry could not
be identified. The 3 cases of non —index nasal car-
riage might be the result of transmission by medi-
cal staff during the interval between admission to
our department and ICU entry. Alternatively, no-
socomial transmission might have occurred in
these patients in other facilities prior to ICU
entry. The latter 3 index nasal cases identified af-
ter ICU entry might be related to an increase in the
number of colonies in the nares after positive selec-

tion following the administration of antibiotics

777

without anti-MRSA effects. Indeed, broad - spec-
trum cephalosporins or carbapenems had been used
after ICU entry for these 3 patients. Another pos-
sibility is a failure to detect MRSA by nasal
sampling. In this study, nasal swabs were ob-
tained only once at the time of ICU entry to dis-
criminate between those who became nasal carriers
before ICU entry and those who became nasal carri-
ers after entry. It is possible that MRSA was not
detected by this initial screening, since nasal sam-
pling may give false negative results.” Similarly,
screening by nasal cultures alone at the time of
ICU entry may have missed some patients with
MRSA, who subsequently served as reservoirs in-
side the ICU.

Our data provide important clues regarding con-
troversial aspects of infection control for MRSA
outbreaks in the ICU. The identification of multi-
ple strains in such outbreaks in patients and medi-
cal staff makes infection control more difficult
than for outbreaks that are caused by a single pre-
dominant strain. Outbreaks involving multiple
strains may be caused by the introduction of pa-
tients from other facilities. Our finding that all
but 1 of the index nasal carriers had been hospital-
ized at other hospitals and subsequently were
transferred to our institution supports this
idea. As a result, eradication of nasal carriage in
patients on admission may be justified in the ICU
setting when patients are admitted from other
facilities. In addition, our observation that a ma-
jority of patients who became nasal carriers after
ICU entry were the result of nosocomial transmis-
sion and may subsequently have suffered further
transmission to other sites. These data point to
the importance of eradicating nasal carriage, not
only at ICU entry, but also during prolonged ICU
stays.

The incidence of nasal MRSA carriage in the ICU
medical staff ranged from 11.2 to 13.2% , which is
similar to that of a previous study.?® There is epi-
demiological evidence that medical staff who hap-
pened to be nasal carriers are responsible for the
transmission of MRSA to patients, especially dur-
ing epidemic strain outbreaks.?-19-1® These find-
ings suggest that the screening and eradication in
staff nasal carriers may be necessary to either pre-
vent or limit an outbreak with an epidemic MRSA
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strain. However our study shows that there are
some limitations to the effectiveness of nasal eradi-
cation in medical staff, given the absence of involve-
ment in transmission of staff that carries the
prevalent type A strain in the nares. However, na-
sal eradication may be of value for preventing out-
breaks of such strains as type C. In a recent
study, Tammelin et al.2® reported that half of the
health care workers acquire S. aureus on the hands
In ad-

dition, treatment with topical mupirocin, which

probably via self-inoculation from the nose.

eliminates nasal carriage, is also known to be asso-
ciated with a decrease in hand carriage.® There-
fore, the eradication of nasal carriers in medical
staff should be considered as an additional infec-
tion control measure for MRSA outbreaks to sup-
plement control by contact precautions based on
thorough handwashing and hand hygiene.
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