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Summary 

Objectives: We compared the standard procedure of three MRSA follow-up culture-sets 
to six to determine the number of recurrences detected between the third and sixth follow-
up culture-set, and studied possible risk factors for MRSA recurrence.

Methods: A retrospective carrier cohort (2005-2010) was studied. Data was collected on 
MRSA culture-sets, follow-up, risk factors and outcome (recurrences during follow-up). 
We compared outcome between three and six follow-up MRSA culture-sets, between 
HCWs and patients groups for complicated or uncomplicated carriers, and between nose-
throat carriers and other carriers.

Results: Of 406 MRSA carriers, 179 had received eradication therapy and had a negative 
first follow-up MRSA culture-set. Between the third and sixth follow-up culture-set 54% 
(35/65) of total recurrences occurred. Over 88% of all recurrences were detected within 
two months. Combined nose and throat carriage (OR 25.5 (1.6-419.1)) and intravascular 
lines (OR 13.6 (1.2-156.2)) were risk factors for early recurrence.

Conclusions: We recommend five culture-sets till one year after successful eradication 
therapy with a distinction between those at risk for early recurrence and HCWs who 
require frequent culturing in the beginning and those not at risk for early recurrence. This 
recommendation is a balance between the need for swift detection of MRSA recurrence 
and the patients’ burden.
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Introduction

The Netherlands is one of the few countries in the world with a low meticillin-resistant 
Staphylococcus aureus (MRSA) prevalence. This is most likely due to a rigourous control 
strategy, which includes decolonization treatment of MRSA carriers and their household 
members.1 Decolonization treatment of MRSA carriers (MRSA eradication therapy) is a 
worldwide used strategy, but consensus and/or documentation on follow-up to determine 
MRSA clearance (successful MRSA decolonization after MRSA eradication therapy) 
varies per region or nation, or is even absent.2 In The Netherlands, the current national 
guideline to prevent MRSA in healthcare centres (Working Party on Infection Prevention 
(WIP) guideline on MRSA3), recommends the use of three follow-up culture-sets to prove 
successful decolonization after eradication therapy. To the best of our knowledge, the only 
data reported on this issue, is a study from our research group in 2010 by Mollema et 
al., who studied 165 MRSA-positive individuals in a prospective observational follow-up 
study. This study concluded for a reliable assessment of successful MRSA eradication 
(>90%) at least five negative culture-sets would be required.4 However the study did not 
address when the follow-up culture-sets should be collected after eradication therapy; nor 
the number of recurrences that would have been missed between the third and the sixth 
follow-up culture set; nor any risk factors for early or late recurrence. Although the Dutch 
national MRSA guideline suggests a minimum of three sets after eradication therapy is 
considered sufficient (with at least seven days between each set) at the Erasmus Medical 
Centre six culture-sets are routinely collected post MRSA eradication therapy. Therefore, 
we have data to compare the two approaches of three and six follow-up culture-sets.

In this study we determined the number of recurrences of MRSA detected between 
the third and sixth follow-up culture-sets after eradication therapy, and identified any risk 
factors associated with MRSA recurrence, and whether the risk factors were associated 
with early (first three follow-up culture-sets) or late (follow-up culture-sets four, five and 
six) MRSA recurrence.

Patients and methods

I - carriers and follow up
A retrospective cohort (2005-2010) of carriers (patients and healthcare workers (HCWs)) 
was studied. Carriers were retrospectively selected from reports on the MRSA carrier 
population that visited or worked at the Erasmus Medical Center, Rotterdam (Erasmus 
MC). All carriers, who had received MRSA eradication therapy and whose first culture-set 
after treatment was negative, were included in our routine follow-up procedure. Eradica-
tion therapy was described by Mollema et al. and derived from the Dutch guideline on the 
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treatment of MRSA carriage.1,4 A follow-up culture-set comprised a culture of the nose, 
throat, perineum and, if present, wounds. Specimen collection was performed by self-
collection by the carriers after receiving written instructions, by their general practitioner 
or in the hospital. Exclusion criteria were loss to follow-up, or incomplete data or reports. 
(Figure 1) A complete follow-up period was defined as the time period between the nega-
tive results of the first follow-up culture-set after eradication therapy and the sixth follow-up 
culture-set, or earlier in case of MRSA recurrence. The major outcome of this study was 
either recurrence, defined as growth of MRSA with the same spa-type as before eradica-
tion therapy, at any screened site or successful eradication defined as no growth of MRSA 
at all screened sites at the end of a complete follow-up period. For each patient, data were 
collected on recurrence or successful eradication, number of culture-sets taken, follow-up 
period and data to analyse whether carriers were complicated or uncomplicated carriers, 
as defined by the guideline of the Dutch Working Party on Antibiotic Policy.1 Furthermore, 
we analysed the outcome in defined subgroups, such as patients, health care workers, 
complicated or uncomplicated carriers and for combined nose throat carriers versus other 

Excluded

n=227

Respective cohort 
(2005-2010)

n=406

Received MRSA 
eradication therapy

n=179

Patients
n=153

Healthcare workers
n=26

Treatment or follow-up 
in another hospital

(n=28)

Incomplete data 
(n=30)

No treatment or 
follow-up (n=169)

Spontaneous
eradication (n=56)

Other reasons
(n=51)

Return to foreign
nation (n=24)Deceased (n=30)

Continuous
exposure to pigs

(n=8)

Figure 1 – Flowchart
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carriers. Between 2005 and 2007 the microbiological method to detect MRSA was similar 
as described previously by Vos et al.5 After 2007, an additional step was included. Swabs 
of newly suspected MRSA carriers that had been inoculated on phenol red mannitol 
enrichment broth were incubated for 24 h at 35°C, after which they were put in a PCR 
pool. If the PCR pool result was negative, this information was passed on to infection 
prevention team and the broth incubated for another 24 h, followed by subculture on a 
blood agar plate as usual. With a positive PCR pool result, PCR was redone for each 
individual isolate, followed by a subculture on blood agar plate for the positive isolate, 
as opposed to waiting another 24 h. Sampling was deemed improper if the number of 
colony forming units on the initial blood agar plate, incubated at the same time as the 
phenol enrichment broth, was under fifteen. Statistical analyses were performed with SAS 
Enterprise Guide 4.2 and included descriptive analyses, multiple regression and Kaplan 
Meier survival curves with Mantel-Cox test.

II - risk factors for outcome
By using search terms in Pubmed (MRSA combined with one or more of the following 
search terms: drug effects, treatment failure, treatment outcome, anti-bacterial agents, 
therapeutic use, recurrence, risk factors, factors, determinants), risk factors for MRSA 
recurrence were extracted from the literature and selected for our analysis. Out of 56 
original abstracts, ten remained based on relevance. One study was excluded because it 
described a risk factor (household infection) not obtainable from our hospital’s electronic 
medical record system. Risk factors for recurrence were defined at start of eradication 
therapy and included sex, age,6 complicated MRSA carriage,6-8 presence of artificial 
devices,8,9 presence of drains,8 artificial ventilation,10 presence of intravascular lines,8 use 
of immunosuppressives11 and presence of an underlying disease (presence of anatomi-
cal abnormality, auto-immune disease, cardiovascular disease, cerebrovascular disease, 
congenital disease, gastro-enteric disease, iatrogenic, infectious disease, neoplasm, 
psychiatric disease or traumatic events).7-10,12-14 Furthermore, we added risk factors for 
acquisition of MRSA based on the Dutch (WIP) guideline on MRSA (MRSA of Known 
Origin/MRSA of Unknown Origin)15 and risk factors described in literature: total duration 
of hospitalization,10 Barthel index (Activities of Daily Living scale),7 use of antibiotics (12 
months prior to start eradication therapy),10 drug abuse and the presence of Panton-
Valentine leukocidin (PVL) in the carriage strain. Data on these risk factors were col-
lected from the electronic medical record system. Risk factors with 50% or more missing 
values were omitted from statistical analysis. Statistical analysis was performed with SAS 
Enterprise Guide 4.2 using c2 and Fisher exact test. A p-value of <0.05 was considered 
significant. A multiple regression model was made, using all risk factors with p-values of 
<0.20.
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Results

I - carriers and follow up
Four hundred and six MRSA carriers were detected during the inclusion period of which 
179 received eradication therapy and had a negative first follow-up culture-set (Figure 
1), and were therefore included in the study (HCWs: n= 26, patients: n=153). The mean 
age of the study population was 32 years and 94 were male (52.5%; 94/179). Between 
the second and sixth set 36% (65/179) of participants showed a recurrence of MRSA car-
riage. Median period between the first negative culture-set (considered initially successful 
eradication therapy) and the occurrence of recurrence for the second, third, fourth, fifth 
or sixth culture-set, was 7, 14, 24, 38 and 49 days respectively (Table 1). Cumulative non 
MRSA recurrence at three sets was 0.88, and at six sets 0.71 (Figure 2). The difference 
(0.88-0.71) equalled 35 recurrences, which is 54% (35/65) of total recurrences during 
follow-up (Table 1, Figure 2). The median number of days to detect a recurrence was 24 
(range 4-185 days; IQR 14-42). The first 2 months (61 days) of follow-up, 88% (57/65) of 
recurrences were detected. The remaining 12% was detected between 62 and 200 days 
(one at the second culture set, one at the third culture set, two at the fourth, three at the 
fifth culture set and one at the sixth culture set). All recurrences in HCWs were detected 
within 61 days. For all 153 patients, 55 showed recurrences with eight occurring after 
two months (15%; 8/55). Complicated carriers were 50% (13/26) of all HCWs and 83% 
(127/153) of all patients. There was insufficient data for 17 patients (two with recurrence) 
to conclude whether they were complicated or uncomplicated carriers (Figure 3). Recur-
rence in the subgroups was 1/9 (11%) for uncomplicated patient carriers, 52/127 (41%) 
for complicated patient carriers, 4/13 (31%) for uncomplicated HCWs and 6/13 (46%) 
for complicated HCWs. There were no significant differences for the patient, HCW and 
complicated carrier subgroups (log-rank, p = 0.3371, Wilcoxon p = 0.3343). The recur-

Table 1 – Follow-up culture-sets after MRSA eradication therapy

Culture set #

Days from the end of eradication therapy 
until the culture set was taken Number of 

recurrences a
MRSA negative 

persons leftRange Median Mean

1b - - - - 179

2 (4-128) 7 22 11 168

3 (8-77) 14 21 19 149

4 (16-200) 24 40 16 133

5 (27-185) 38 70 8 125

6 (36-117) 49 60 11 114
a The number of MRSA recurrences during follow-up after MRSA eradication therapy.
b If positive at culture set #1, there has not been a successful eradication therapy in the first place. 
Therefore, all persons in this study were negative in the first culture set.
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rence in the uncomplicated patient carrier subgroup was at 24 days. For combined nose 
throat carriers, recurrence was 17/31 (55%), in all other carriers recurrence was 38/116 
(33%) (log-rank, p = 0.01. Wilcoxon p = 0.009). There was missing data for 27 carriers (26 
HCWs and 1 patient for a total of 11 recurrences) on sites of carriage.

 

 

 

  

Figure 2 – Follow-up culture-sets after MRSA eradication therapy and detection of MRSA recur-
rence. 
At day 0, all cases had completed their MRSA eradication therapy and had once tested negative for 
MRSA (first follow-up culture-set). The data was censored at 200 days, leaving a cumulative non MRSA 
recurrence of 0.64 for the remaining 114 cases (successfully decolonized as determined with six culture-
sets). The median number of days at which the second, third, fourth, fifth or sixth culture-sets was taken, 
intersects with the non MRSA recurrence curve.

 

 

  

Figure 3 – Subgroup analysis of HCWs, patients, complicated carriers and combined nose throat 
carriers. 
A: There was insufficient data for 17 patients to conclude whether they were complicated or uncompli-
cated carriers. Complicated/uncomplicated MRSA carriage definitions were according to the guideline 
of the Dutch Working Party on Antibiotic Policy.1 There were no significant differences between the 
subgroups (log-rank, p = 0.3015, Wilcoxon p = 0.2543). B: There was a significant difference between 
combined nose throat carriers and other carriers (log-rank, p = 0.01, Wilcoxon p = 0.008).
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II - risk factors for outcome
For the 150 patients the average age was 31 years, 85 were male (56.7%; 86/150), 
and 31.3% were MUO (MRSA of Unknown Origin; no presence of described risk factors 
from the Dutch national guideline)15 and 86% (129/150) were complicated MRSA carriers. 
Combined nose and throat carriage was a risk factor for early recurrence in multiple 
regression analysis (p = 0.02, OR 25.5 (1.6-419.1)), as was the presence of intravascular 
lines (p = 0.04, OR 13.6 (1.2-156.2)). Interestingly, ventilation at detection was a protec-
tive factor for recurrence itself in univariate and multiple regression (p = 0.02, OR 0.016 
(0.03-0.75)), while age under 30 was a protective factor for early recurrence in multiple 
regression analysis (p = 0.04, OR 0.07 (0.01-0.85)). The backward elimination models for 
recurrence had a R2 of 0.11, with an area under the ROC curve (AUC) of 0.6170, and 
for early recurrence the R2 was 0.42, with an AUC of 0.8210. The univariate and multiple 
regression results for the analysis of risk factors are given in Table 2.

Discussion

Using six follow-up culture-sets, 88% of MRSA recurrences were identified within two 
months of follow up (after eradication therapy and one negative culture set). In con-
trast, using three culture-sets only 46% (30/65) of MRSA recurrences were identified. 
These results question the current recommendation by the Dutch national guideline, as 
pre-emptive declaration of successful decolonization may result in transmission within 
healthcare centres or in the community. To detect a recurrence, a test with a high negative 
predictive value (NPV) is required. Current PCR MRSA assays and chromogenic agars 
have very high NPV (between 99.1 and 99.5),16 so the chance for a false negative out-
come when screening for MRSA recurrence is small. A single swab at two months could 
detect the majority of the recurrences with a sufficient NPV. However, quick detection 
of a recurrence is desirable as it allows the carrier to readily receive repeat eradication 
therapy and prevents MRSA transmission. Especially in the household of the recurrent 
carrier, the chance of (re-)transmission of the strain to household members will be re-
duced. Also, in the healthcare setting, isolation measures would be continued thereby 
preventing transmission. The right balance between the number of culture-sets taken 
and the patient’s burden needs to be found. We therefore recommend that carriers with 
risk factors for early recurrence are more frequently cultured at the start of follow-up, and 
we advise the same for HCWs because the duration of the follow-up has a strong impact 
on when they can start working again. In line with Mollema et al.4 we recommend five 
culture-sets after the initial culture-set taken to confirm success of eradication therapy. 
Treated carriers at risk for early recurrence and HCWs should be cultured three times 
during the first month, then once more at two and six months after completion of MRSA 
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eradication therapy. For all others we recommend two culture-sets during the first month, 
followed by a culture-sets at 2 and 6 months, and finally the last culture-set at 1 year after 
eradication therapy ended (Figure 4).

Figure 4 – Recommendations for follow-up culture-sets. 
HCWs: Healthcare workers. HCWs follow-up is similar to early recurrence risk patients for fast recovery 
of personnel.

As risk factors for recurrence, we found colonization of the nose in combination with the 
throat, as well as presence of intravascular lines. The high risk on recurrence in nose-
throat carriers cannot be explained by treatment failure due to the sole use of topical 
antibiotics, since MRSA eradication therapy for complicated carriers consisted of two oral 
antibiotics in addition to nasal ointment of mupirocin and chlorhexidin wash for skin and 
hair. Ventilation was protective for recurrence, however, we did not understand this find-
ing. Possibly this is a confounder for other, unknown determinants, or it is related to the 
amount of antibiotics ventilated patients receive. We found that ventilated patient carriers 
received more antibiotics (p < 0.01), had more drains (p < 0.01) and artificial devices 
(p < 0.01), but both ventilated as non-ventilated carriers were similar in age, combined 
nose throat carriage or complicated carriage composition. Limitations of this study were 
its retrospective design, the use of data from a single hospital, and the omission of risk 
factors due to missing data. Furthermore, in our patient population 86% were complicated 
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carriers, due to colonization on other sites than the nose only and/or the presence of 
active skin lesions or medical artificial devices. This is higher than the 54% reported 
before in a national study.7 Our data showed that a regime of three follow-up cultures 
was not sufficient, and would have missed 54% (35/65) of total recurrences, which is in 
line with the previously recommended minimum of five culture-sets by Mollema et al.4 
Since culture-sets were not always taken with equal time intervals, we calculated the 
median number of days that each culture-set was collected from start of follow up, using 
the median number of days to determine the number of recurrences for each culture-set.

Although small group sizes were inevitable due to the low prevalence in The Neth-
erlands (0.11% at hospital admission17), current group sizes are the result of six years 
of patient data (2005-2010). To our knowledge, these data are the only available data 
worldwide specifically addressing the question on the required number of culture-sets 
during follow-up after eradication therapy to establish success of eradication. Our recom-
mendation is a five culture-set scheme up till one year after successful eradication therapy 
with a distinction between those at risk for early recurrence and HCWs who require more 
frequent culturing in the beginning and those not at risk for early recurrence. The reason 
to still culture at half or one year is to catch the last remnants of recurring MRSA after 
two months as cost-effective as possible. This recommendation is a balance between the 
need for swift detection of recurrence and the patients’ burden. Nevertheless, it remains 
most important that household members of the carrier are also screened and if necessary 
treated to prevent recurrence due to household transmission.18
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