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Background: Previously, MRSA transmission and infections were mostly recognized as healthcare-associated. Community- 
associated MRSA (CA-MRSA) cases have become increasingly common, also in low-endemicity countries. Hence, also doctors in 
outpatient care encounter these patients. Despite increased general awareness on risk factors of MRSA carriage, it does not always 
influence clinical practice. As the total number of MRSA cases had increased in our region, it provoked us to analyze how this may 
have reflected the recognition of these infections and their empiric treatment adequacy in Hospital District of Southwest Finland 
(HDSWF).
Methods: All new MRSA cases detected between 2007 and 2016 in Hospital District of Southwest Finland were retrospectively 
analyzed. This single-center study describes MRSA carriers, whose carriage was first detected from a clinical specimen. The cases 
were recognized from the hospital's MRSA registry, and their background data, including the antibiotic treatments given, were 
collected manually from electronic patient records.
Results: A total of 280 MRSA cases having an active clinical infection were detected. Skin and soft tissue infections (SSTIs) were the 
most common infection type (76%; 213/280 cases). Information on antibiotic treatments were obtained in 46.8% (131/280) of the 
cases. In 81.7% (107/131) of the cases, the empiric treatment did not cover MRSA. After adjusting the treatment according to 
susceptibility results, MRSA was ultimately covered in 49.3% (68/138) of the cases.
Conclusion: In low-endemicity settings, skin infections typically caused by S. aureus may be missed to being caused by a resistant 
pathogen, resulting in suboptimal or ineffective treatment. More awareness is needed to recognize the risk, to evaluate and possibly 
adjust the treatment.

Plain Language Summary: Based on our study findings, the possibility of an MRSA infection may be missed, and therefore the 
initial treatment is not optimally chosen in low-endemicity settings. Specimens from infection sites may be taken, but the subsequent 
treatment may still be ineffective against MRSA. 
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Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) may merely cause colonization of the skin and mucous membranes 
and cause no harm to its host, but it can also cause recurrent and possibly life-threatening infections. Before 1990s, 
MRSA was recognized as a hospital-acquired pathogen and affected patients who had other comorbidities. Since 1990s, 
however, increasing numbers of infections are found in healthy individuals with no risk factors for an MRSA infection.1,2
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Traditionally, MRSA cases have been classified as health-care associated (HA-MRSA) or community-associated (CA- 
MRSA) based on different features between the groups (eg patient risk factors, different strains causing the infections, different 
antibiotic susceptibilities, infection type etc).3 The barrier between these classifications has become more vague as the strains 
intermingle in the community, and the patients may not have any predisposing risk factors for an MRSA infection.2,4

Globalization plays its part in changing the risk profile for a possible MRSA carriage, since both refugees, asylum 
seekers and also travelling must be taken into account when assessing the risk for an MRSA infection.4–6 The guidelines 
for screening for possible MRSA carriage have somewhat changed over the years, but at the moment (latest update in 
2020) the Finnish guidelines advice screening samples to be taken in following situations: patient has been hospitalized 
abroad within one year, patient is transferred from any ward that has an ongoing epidemic or patient has been treated in 
such a ward within one year, patient is living in same household with a known MRSA carrier or patient comes from a 
refugee camp, reception centre or foreign orphanage.7 The latter patient group was only added in the local guidelines in 
HDSWF in 2015 and intravenous drug users (IVDU) in 2017. The time period regarding screening after hospital care 
abroad has previously varied between one and five years.

MRSA can cause many types of infections from SSTIs, maxillary sinus infections and pneumonias to surgical site 
infections and bloodstream infections in hospital settings.3 Although MRSA cases, especially community-associated 
ones, have increased both world-wide2 and in Finland, including our hospital district (HD),8 the infections caused by 
MRSA have not been a major concern in patient care in Finland.

In this study, we aimed to characterize the spectrum of MRSA infections and their treatment in our HD. We also 
determined the spa types of MRSA isolates causing the infections. We retrospectively analyzed all new MRSA cases in 
HDSWF during 2007–2016.

Materials and Methods
Study Setting
This registry-based, retrospective study took place in HDSWF, which covers a population of 475543 residents (year 
2016),9 representing 8.6% of the total population in Finland (5.5 million).10

MRSA Detection and Registries
The cases in our study were detected either by active screening and contact tracing based on Finnish MRSA tracing 
policies or from clinical specimens.

The Turku University Hospital clinical microbiology laboratory performed MRSA diagnostics for HDSWF.11 Finnish 
clinical microbiology laboratories notified all new MRSA findings by law12 to the National Infectious Disease Register 
(NIDR) maintained by the Finnish Institute for Health and Welfare (THL). The MRSA isolates were sent to the culture 
collection of NIDR. THL performed spa typing13 for them and reported the result back to the HD. The spa types from 
2007 and 2008 were analyzed locally at the University of Turku.

All new MRSA cases (both screening and clinical samples) detected in HDSWF from January 2007 through 
December 2016 were recorded in the hospital MRSA registry; Register of Hospital Infections and Carriers of 
Resistant Bacteria (SAI register, SAI®, Neotide Oy, Vaasa, Finland). The information included data on specimen type, 
hospital or community association, contact tracing, spa type and the degree of colonization, if available. Data on the 
clinical details at the time of MRSA detection was collected manually by reading through the patient records (by the 
investigators, T. H. and R.O). The case was classified as a clinical infection, if MRSA was isolated from a clinical culture 
(instead of MRSA screening) and/or the patient records revealed a clinical infection by the time of sampling. Only the 
cases classified as a clinical infection were included in this study. Only the first MRSA infection of an individual was 
included. Data on possible recurrent or subsequent infections was not collected.

Patient Data
Background information (eg family cluster and CA-/HA-association)8 were collected from SAI register, and medical 
history of patients were collected from electronic patient records in Turku University Hospital and Turku primary health 
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care. MRSA cases in healthcare workers (HCWs), infants under 28 days of age, and patients who were hospitalized or 
who had stayed in a nursing home within the previous 2 years in Finland, or 2 years14 abroad, were defined as healthcare- 
associated MRSA (HA-MRSA), and cases without such link were considered as being CA-MRSA cases if MRSA was 
isolated at outpatient care or within the first 2 days of hospital care.8 Many of the patients had been treated in private 
sector, from where we could not obtain any patient history. Medical conditions were classified using Charlson 
Comorbidity Index (CCI).15 The antibiotic therapy (both empiric and adjusted) was considered appropriate, if the 
prescribed antibiotic agent matched the susceptibility pattern of the MRSA isolate in question. The decision on whether 
antibiotic treatment was needed, and which antibiotic regimens were used, was made by the treating clinician, and the 
rationale was inconclusively stated in the patient record. Healing time was collected, if it was a mentioned in the patient 
record.

Family Clusters
In situations, where the MRSA carrier suffered from recurrent infections and/or was considered for eradication treatment, 
the whole family of the patient was tested for MRSA carriage. Majority of the family members were asymptomatic 
carriers. When more than one member of a family was MRSA positive, the family was considered a family cluster (FC).8

Statistical Analysis
The statistical analysis was made using IBM SPSS Statistics [version 29.0.2.0 (142)]. The antibiotic usage and healing 
time between groups were compared using chi-squared test or Fisher’s exact test. P-values less than 0.05 were considered 
statistically significant.

Results
In total, there were 983 new MRSA cases in HDSWF during the study period of 2007–2016. Of these, 280 were clinical 
infections. More than half of the patients (55.7%; 156/280) were adults in working age (18–64 years), the median age 
being 46 years (IQR 47). Children (<18 years) accounted for 14.3% (40/280) of the cases. Of the patients with clinical 
infections, 53.6% (150/280) were male. Table 1

We obtained information on medical conditions in 81.8% (229/280) of the patients with clinical infections. The 
details of empiric antibiotic treatment were available in 46.8% (131/280) and of adjusted treatment in 49.3% (138/280) of 
the cases, respectively. The information on clinical outcome was obtained in 23.2% (65/280) of the cases.

Of the 280 clinical infections in our study population, 22.1% (62/280) patients belonged to an FC. There were 56 
different FCs in this study material. The largest FCs consisted of five MRSA positive family members. Only one or two 
persons of each FC had a clinical infection during the study period.

The most common spa type in our material was spa t172 (52 cases, 18.6%), followed by spa t032 (23 cases, 8.2%) 
and spa t008 (19 cases, 6.8%). Altogether 76 different spa types were detected, most (49/76; 64.5%) of them sporadic. 
Table 1

SSTIs were dominant in our study population, 213 (76.1%) cases. The median age of these patients was 46 years 
(0–96 years, IQR 41), and 115 of them (54%) were male. There were 64 different spa types causing SSTIs (Table 1). The 
four most common spa types caused 40.8% (87/213) of all SSTIs. There were 39 different FCs in the SSTI group, most 
of them having one family member with an infection. In four FCs there were two family members suffering from an 
infection during the study period.

Of SSTIs, 76 (76/213; 35.7%) were abscesses. The median age of the patients was 33 years (0–89 years, IQR 26). 
Majority of them were healthy (CCI 0) or had some comorbidities (CCI 1–4), 40 (40/76; 52.6%) and 17 (17/76; 22.4%), 
respectively. Of these patients, 13 (13/76; 17.1%) were born abroad, 11 (11/76; 14.5%) had been in hospital care 2 years 
prior to MRSA detection and 7 (7/76; 9.2%) were HCWs and three (3/76; 3.9%) were IVDUs. Of the abscess patients, 11 
(11/76; 14.5%) were hospitalized due to the infection. Table 1

Surgical site infections accounted for 23.9% (51/213) of the SSTIs. Majority of the patients were healthy (CCI 0) or 
had some comorbidities (CCI 1–4), 13 (13/51; 25.5%) and 22 (22/51; 43.1%) cases, respectively. Six patients (6/51; 
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Table 1 Background Information

Total  
(n=280)

Abscess,  
n=76

Secondary 
Infection of 

a Chronic Wound, 
n=51

Surgical Site 
Infection, n=51

Fresh Wound, 
n=15

Cellulitis, 
n=10

Furunculosis, 
n=10

Respiratory and Head 
and Neck Infection, 

n=27

Bacteremia, 
n=6

Gender, male 150 (53.6%) 40 (52.6%) 25 (49.0%) 27 (52.9%) 9 (60.0%) 8 (80.0%) 6 (60.0%) 12 (44.4%) 4 (66.7%)

Age (years), median (IQR) 46 (41) 33 (26) 72 (42) 60 (36) 42 (42) 49 (36) 19 (14) 14 (35) 59 (63)

Age group

<18 years 40 (14.3%) 11 (14.5%) 3 (5.9%) 4 (7.8%) 1 (6.7%) 0 4 (40.0%) 14 (51.9%) 1 (16.7%)

18–64 years 156 (55.7%) 57 (75.0%) 21 (41.2%) 29 (56.9%) 9 (60.0%) 7 (70.0%) 6 (60.0%) 13 (48.1%) 3 (50.0%)

>65 years 84 (30.0%) 8 (10.5%) 27 (52.9%) 18 (35.3%) 5 (33.3%) 3 (30.0%) 0 0 2 (33.3%)

Medical history (CCI index) *

CCI 0 102 (36.4%) 40 (52.6%) 7 (13.7%) 13 (25.5%) 5 (33.3%) 5 (50.0%) 10 (100%) 15 (55.6%) 2 (33.3%)

CCI 1-4 78 (27.9%) 17 (22.4%) 16 (31.4%) 22 (43.1%) 2 (13.3%) 4 (40.0%) 0 5 (18.5%) 2 (33.3%)

CCI 5 or more 49 (17.5%) 4 (5.3%) 17 (33.3%) 10 (19.6%) 3 (20.0%) 1 (10.0%) 0 0 2 (33.3%)

Unknown 51 (18.2%) 15 (19.7%) 11 (21.6%) 6 (11.8%) 5 (33.3%) 0 0 7 (25.9%) 0

Healthcare worker 14 (5.0%) 7 (9.2%) 0 3 (5.9%) 1 (6.7%) 1 (10.0%) 0 1 (3.7%) 0

Belongs to a family cluster 62 (22.1%) 21 (27.6%) 8 (16.0%) 8 (16.0%) 2 (13.3%) 3 (30.0%) 1 (10.0%) 9 (33.3%) 1 (16.7%)

Born abroad 32 (11.4%) 13 (17.1%) 2 (3.9%) 6 (11.8%) 0 1 (10.0%) 1 (10.0%) 7 (25.9%) 0

Missing cases 5 (1.8%)

Hospital care (in Finland or 
abroad) within 2 years before 
infection

146 (52.1%) 11 (14.5%) 1 (2.0%) 4 (7.8%) 2 (13.3%) 0 1 (10.0%) 3 (11.1%) 0

Missing cases 55 (19.6%)

spa type

t002 13 (4.6%) 3 (3.9%) 2 (3.9%) 1 (2.0%) 1 (6.7%) 0 4 (40.0%) 1 (3.7%) 0

t008 19 (6.8%) 11 (14.5%) 1 (2.0%) 1 (2.0%) 1 (6.7%) 1 (10.0%) 1 (10.0%) 1 (3.7%) 0

t032 23 (8.3%) 0 4 (7.8%) 14 (27.5%) 0 0 0 0 1 (16.7%)

t044 16 (5.7%) 12 (15.8%) 1 (2.0%) 1 (2.0%) 1 (6.7%) 0 1 (10.0%) 0 0

t127 12 (4.3%) 2 (2.6%) 4 (7.8%) 4 (7.8%) 1 (6.7%) 0 1 (10.0%) 0 0

t172 52 (18.6%) 3 (3.9%) 19 (37.3%) 6 (11.8%) 4 (26.7%) 5 (50%) 0 3 (11.1%) 1 (16.7%)

t437 7 (2.5%) 5 (6.6%) 0 0 1 (6.7%) 0 0 1 (3.7%) 0

Other** or untyped 138 (49.3%) 40 (52.6%) 20 (39.2%) 24 (47.1%) 6 (40.0%) 4 (40.0%) 3 (30.0%) 21 (77.8%) 4 (66.7%)

Notes: *CCI=Charlson Comorbidity index. **Other spa types each n= 3 or less.

https://doi.org/10.2147/ID
R

.S556192                                                                                                                                                                                                                                                                                                                                                                                                                                                                
Infection and D

rug Resistance 2026:19 
4 H

aapia et al                                                                                                                                                                          

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



11.8%) were born abroad, four (4/51; 7.8%) had been in hospital care abroad within 2 years, three patients (3/51; 5.9%) 
were HCWs, and one patient (1/51; 2.0%) was an IVDU. Table 1

Of all the SSTI patients, 19 (19/51; 37.3%) were hospitalized due to the infection.
There were only six bacteremias in the study population, four of them being healthcare-associated (the information 

missing in one case). All six had a different spa type. Their CCI ranged from 0 (two cases) to 8 (one case), and none of 
them were HCWs nor had other known risk factors that could have indicated an MRSA infection (Table 1). Since there 
was no mention about metastatic foci in the patient records in all but one case, the clinical cure rate was not possible to be 
unambiguously calculated.

Only one patient suffering from an SSTI of a chronic wound died during the study period. They had a prior surgical 
procedure and had multiple comorbidities (CCI 5).

Of all the infections, we obtained details of the use of systemic empiric antibiotics in 46.8% (131/280) cases and for 
the usage of antibiotics after culture results in 49.3% (138/280) cases. Of these, 81.7% (107/131) received empiric 
treatment that did not cover MRSA. After the culture results, the treatment was modified in 34.1% (47/138) cases, 
resulting in appropriate antibiotic treatment in 49.3% (68/138) of the cases (Figure 1). Most often the antibiotic treatment 
was modified in surgical site infections and infections of chronic wounds, 7.8% vs 35.3% and 5.9% vs 29.4%, 
respectively. There was no statistically significant difference in the outcome of the infections between these two groups 
(p=0.433).

Within the patients (107/131) receiving inappropriate empiric treatment, 13.1% (14/107) were born abroad (Table 1 
esupplement), 10.3% (11/107) had been in hospital care abroad within 2 years, 1.9% (2/107) were IVDUs, and 34.6% 
(37/107) had had some surgical procedure (eg prosthetic joint replacement, abdominal surgery, tympanostomy tube 
insertion etc.) done within 2 years prior to diagnosis.

Regarding empiric and adjusted treatment, details about the treatment outcome were available in 43.5% (57/131) and 
42.8% (59/138) cases, respectively. Healing times did not differ upon appropriateness of the antibiotics used (data not shown).

Discussion
Based on our findings, surprisingly many patients (81.7%) whose infection was later found to be caused by MRSA were 
treated with empiric treatment that did not cover the pathogen. In at least fourth (25/107) of these cases, the patient 
history could have revealed a risk of MRSA carriage and infection. Although the local guideline describing risk factors 
had recently been updated, some risk factors were seemingly not implemented in clinical practice.

Several studies16–19 have shown, that inappropriate empiric antibiotic therapy is common, 15% – more than 50% of 
patients having received inadequate antibiotic treatment for an MRSA infection. Also, Berla-Kerzhner et al19 have 
reported that the treating physicians do not refer to the culture results, which leads to mistreatment. We do not know 
whether the low percentage of adequate treatment in our study population may have been due to ignoring the culture 
results, just overlooking the resistance pattern, or due to the fact that the infection had healed in spite of the treatment.

Within the available information in our study, we found no indication that the lack of appropriate antimicrobial 
treatment would have resulted in a worse clinical outcome. There might be several reasons for this. Only fifth of the 
patients were hospitalized during the MRSA infection, indicating that the infections were generally mild, and therefore 
could possibly have been cured even without antibiotics, merely with incision and drainage. The patients in our study 
population were generally healthy, suggesting that they had a good immune system to fight the infection.

The infections could also have been polymicrobial, as was the case in a study of Clayes et al.20 In such case, the given 
antibiotics might still have had some effect, albeit not against MRSA. It should also be considered whether the MRSA 
strain cultured was the actual pathogen causing the infection. Pulido-Cejudo et al18 raised the question about patients 
with chronic skin and skin structure infections often being colonized with bacteria that do not cause the acute infection 
requiring prompt empiric antibiotic therapy. It is important to distinguish the cases that need timely, adequate treatment 
with effective antibiotics from the non-life-threatening ones.

By far, the most common empiric antibiotics used in our material were cephalosporins, followed by penicillins, 
fluoroquinolones and clindamycin. Trimethoprim-sulfamethoxazole was rarely used either for empiric or final treatment in 
our study population, even though our laboratories in general do test the susceptibilities for this antibiotic. Agostino21 had 
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A

B

Figure 1 (A) Empiric antibiotic treatments, one or multiple agents simultaneously (B) Treatment after culture results, one or multiple agents simultaneously.
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noted that 98.5% of the MRSA infections in their study could have been treated with trimethoprim-sulfamethoxazole. At the 
moment Finland still is a country of low MRSA incidence, thus trimethoprim-sulfamethoxazole should not be considered as 
an empiric treatment option for every patient. When antibiotic treatment is needed, these are still appropriate first-line choices 
for most patients, as long as the MRSA risk assessment has taken place prior to prescribing antibiotics. For the treatment of 
SSTIs, our guidelines advocate benzylpenicillin, (flu)cloxacillin or I–II generation cephalosporins as first-line treatment 
options. As is previously shown in many studies,22–24 infectious diseases (ID) consultation improves quality of care, the use of 
appropriate antibiotics, and also reduces mortality. It would be beneficial that an ID specialist is consulted more often during 
the treatment of an infection caused by a resistant pathogen.

As is universally noted,18,25,26 SSTIs were the most common infection type also in our study population. The most 
common spa types (spa t002, t008, t019, t044 and t437) causing abscesses in our study population were spa types that 
have previously been associated with PVL positivity in the literature.27–31 We were not able to consistently assess for 
PVL positivity in our study. Even though some spa types were more common, the spa type variation was wide, and many 
of the strains were sporadic.

There are some limitations in our study. It is a relatively small, retrospective, register-based, single-center study in 
a low-endemicity region. We did not have access to patient record data from the private sector, nor were the antibiotic 
treatments given always stated in the records. Patients might also have moved to a different HD, resulting in no further 
patient record data in HDSWF. All these factors lead to partly incomplete and inadequate data. Due to small numbers of 
cases in different clinical subgroups, broader inferential analyses were not possible to perform. A strength of our study is 
the comprehensive Finnish MRSA surveillance system allowing identification of the cases.

Conclusion
In low-endemicity settings, risk factors for MRSA carriage and infection may not always be recognized in clinical 
settings. If cultures are not obtained or if empiric treatment is not adjusted upon culture results and resistance patterns, 
adequate treatment may be delayed or missed.

Health-care personnel’s awareness of the possibility of an MRSA infection is important in order for them to recognize 
these infections, to assess the outcome of empirical treatment, and to re-evaluate the treatment options upon culture 
results.

Data Sharing Statement
The datasets generated during the current study are not publicly available as they contain health-related data, but limited 
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