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SUMMARY

Because sentinel surveillance systems cannot obtain information about patients who visit non-
sentinel medical facilities, the characteristics of patients identified by these systems may be biased.
In this study, we evaluated the representativeness of a methicillin-resistant Staphylococcus aureus
(MRSA) surveillance system using health insurance claim (HIC) data, which does not depend on
physician notification. We calculated the age-specific incidence of MRSA patients using data
from the Japan Nosocomial Infections Surveillance (JANIS) programme, which is based on
sentinel surveillance systems, and inpatient HICs submitted to employee health insurance
organizations in 2011, and then computed age-specific incidence ratios between the HIC and
JANIS data. Age-specific MRSA incidence in both datasets followed J-shaped curves with
similar shapes. For all age groups, the ratios between HIC and JANIS data were around 10.
These findings indicate that JANIS notification of MRSA cases was not affected by patients’” age.
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INTRODUCTION alerts when patients meet specified diagnostic criteria.
Most sentinel medical facilities are university hospitals
[3] or large, tertiary educational hospitals [4]. Only a
few surveillance systems [5] mandate the participation
of all medical facilities or community hospitals [6] in a
specific area.

Since sentinel surveillance systems cannot obtain in-
formation on patients who visit non-sentinel medical fa-
cilities, these systems underestimate the actual number of
patients and the characteristics of identified patients may
be biased. For instance, it was reported that the sentinel
measles surveillance system underestimated the number
of adult measles cases in 2007 in Japan [7]. The reliabil-
ity of surveillance systems should be monitored periodic-

Methicillin-resistant Staphylococcus aureus (MRSA)
has become prevalent worldwide, limiting therapeutic
options and posing a significant threat to medical care
[1]. Surveillance is a critical first step in obtaining
basic statistics on MRSA, including the number of
affected patients, as well as in implementation of
effective treatment protocols and infection control
measures [2]. MRSA is a common drug-resistant bac-
terium, and the sentinel systems used for MRSA sur-
veillance require specific medical facilities to provide
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The Japan Nosocomial Infections Surveillance
(JANIS) system is a national surveillance programme
organized by the Ministry of Health, Labour and
Welfare (MHLW) of Japan, and is designed to provide
basic information on the incidence and prevalence of
nosocomial infections and antimicrobial-resistant bac-
teria in Japanese medical settings. JANIS was launched
in 2000 and now comprises the following five divisions:
clinical laboratory (CL), antimicrobial-resistant bacter-
ial infection (ARBI), intensive-care unit (ICU), surgical
site infection (SSI), and neonatal intensive-care unit
(NICU). Because participation in the JANIS sentinel
surveillance system is on a voluntary basis, the charac-
teristics of its sentinel medical facilities may be biased.
For example, medical facilities with <200 beds were not
eligible to participate in JANIS until 2013. In 2011,
there were 2052 eligible hospitals with >200 beds,
and 495 (23-8%) of these participated in JANIS.
Although JANIS is a sentinel surveillance system, for
which the characteristics of reported patients may differ
from those of cases overall, no previous studies have
evaluated the representativeness of the data submitted
to JANIS.

In Japan, insurers possess comprehensive informa-
tion regarding their subscribers’ medical procedures,
because health insurance coverage is universal and
was originally based on fee-for-service reimbursement.
There are three major public health insurance systems
in Japan: the medical system for elderly citizens aged
>75 years, National Health Insurance, and employ-
ees’ insurance (employees working in a small company
and their dependants are covered by the Japan Health
Insurance Association, whereas large companies are
able to operate health insurance organizations to pro-
vide health insurance for their employees).

In order to claim reimbursement for the costs of
healthcare services provided in a given calendar
month, each healthcare provider submits health insur-
ance claims (HICs) to the Health Insurance Claims
Review & Reimbursement Services (HICRRS) or
to the National Health Insurance Organization
(NHIO), depending on the patient’s specific health in-
surance plan. The HICRRS or NHIO then investi-
gates the HICs to determine each patient’s eligibility
for coverage and whether the services provided con-
form to the reimbursement rules defined by the
MHLW. After these investigations, the HICRRS or
NHIO then sends the HICs to the insurers. The for-
mat of HICs is uniform, and the information they
contain is not affected by healthcare providers’ notifi-
cations to surveillance systems such as JANIS.
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Therefore, HICs have been used for a variety of pur-
poses including evaluation of adult measles surveil-
lance in Japan [7], measurement of the length of stay
of hospitalized patients and their associated antibiotic
costs [11], and assessment of the association between
hospital case volume and mortality in non-elderly
pneumonia patients [12]. However, HICs have not
previously been utilized to assess the surveillance sys-
tems for drug-resistant bacteria such as MRSA. In this
study, we used HIC data to evaluate the MRSA sur-
veillance system of JANIS and to estimate the inci-
dence of MRSA patients in Japan.

METHODS
HICs and definition of MRSA patients

This study investigated all inpatient HICs submitted
from hospitals certified for diagnosis-procedure com-
bination per-diem payment system (DPC/PDPS), as
well as HICs from hospitals not certified for DPC/
PDPS, to employee health insurance organizations
from April 2011 to March 2012. The number of
insured persons and their dependants was 1475 524
as of 31 March 2012. In the HIC data, a MRSA pa-
tient was defined as a person who received at least
one injected antibiotic for MRSA, including van-
comycin (VCM), teicoplanin (TEIC), arbekacin
(ABK), linezolid (LZD), and daptomycin (DAP).

Due to reimbursement regulations in Japan, health-
care providers are required to submit a single HIC
combining all healthcare services rendered by the pro-
vider for each patient in a given calendar month; there-
fore, for example, two HICs are issued if a patient is
hospitalized from 20 October to 8 November. If a pa-
tient was hospitalized for >2 months without interrup-
tion, all of their inpatient HICs were collected; we
identified all HICs issued on behalf of the patient and
investigated injection of antibiotics for MRSA during
the hospitalization.

JANIS programme

The methodology of JANIS has been described in de-
tail elsewhere [13, 14]. In this study, we used the num-
ber of MRSA patients submitted to the ARBI division.
Based on CLSI2007 (M100-S17) [15], JANIS defines
MRSA as bacterial resistance to oxacillin (MPIPC)
or cefoxitin (CFX). A MRSA patient was defined as
an inpatient from whom MRSA was isolated, to
whom anti-MRSA antibiotics were prescribed, and in
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whom inflammation was observed either at the infec-
tion site or via a positive biomarker assay.

Estimation of MRSA incidence and statistical analysis

We calculated the age-specific incidence (per 100 000
person-years) of MRSA inpatients using data separate-
ly from both HICs and JANIS. The numerator was the
number of MRSA patients identified from HICs or
submitted to the ARBI division of JANIS. For the
HIC data, the denominator was the number of persons
insured by the health insurance organizations. For
JANIS, assuming a census population as source popu-
lation, it was the population on 1 April 2012, as
estimated by the Ministry of Internal Affairs and
Communications based on the 2010 Population
Census [16] because JANIS is a national surveillance
programme organized by the MHLW of Japan. Next,
we compared the age-specific incidence ratio between
the two groups and calculated the age-adjusted inci-
dence ratio using the Mantel-Haenszel method. A two-
tailed P value <0-05 was considered statistically signifi-
cant. All analyses were performed using IBM SPSS
Statistics v. 19 (IBM Corp., USA).

Ethical concerns

Personally identifiable information in HICs was
removed prior to the analysis using the MediC4 en-
coding system (Japan Medical Data Center, Tokyo,
Japan) [17]. We used only the aggregated results of
JANIS data tables and could not identify any specific
individuals. The study protocol was approved by the
Ethics Committee of Fukuoka University.

RESULTS

Table 1 shows the number of persons insured by
health insurance organizations (hereafter, insured per-
sons) and the estimated population from the 2010
Population Census by the Ministry of Internal
Affairs and Communications in Japan, and the
age-stratified proportion of insured persons. The num-
ber of insured persons peaked in the 30-39 years age
group, which accounted for 21-4% of the total.
About half (56:3%) of insured persons were aged
20-49 years. The proportion of insured persons rela-
tive to the total population of Japan was 1-16%, and
tended to decline with age. The highest proportion
of insured persons (2:09%) was in the 04 years age
group. For all groups aged <59 years, the proportion
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of the number of insured persons relative to the total
population of Japan was >1-0%. However, the pro-
portions in age groups 60-69 and >70 years were
0-32% and 0-03%, respectively.

Table 2 shows the age-grouped numbers of MRSA
patients from the HIC database and those reported to
the JANIS surveillance system. We identified 537
(male: 329, 61-3%; female: 208, 38:7%) inpatients
who received at least one injected antibiotic for
MRSA, including VCM, TEIC, ABK, LZD, and
DAP. The age groups showed a bimodal distribution,
with the 50-59 years age group demonstrating the high-
est number of MRSA patients (111, 20-7%). This was
followed sequentially by age groups 0-4 years (102,
19:0%), 60-69 years (90, 16-8%), and 40-49 years (88,
16:4%). The smallest group was aged 5-9 years (6,
1-1%), followed by 10-19 years (27, 5-:0%), =70 years
(28, 5:2%), and 20-29 years (36, 6-7%).

The total number of MRSA patients reported to
JANIS was 16577 (male: 10811, 65-2%; female:
5766, 34-8%). In both datasets, the proportion of
male patients was about 60%. These patients’ ages
also showed a bimodal distribution; however, the dis-
tribution differed from that of the HIC data. The >70
years age group was the largest (11067, 66-8%), con-
taining about two-thirds of the total MRSA patients.
This was followed by age groups 60-69 years (2746,
16:6%), 50-59 years (1009, 6-1%), and 40-49 years
(567, 3-4%). As with the HIC data, the smallest
group was aged 5-9 years (53, 0-3%). The number of
reported MRSA patients increased with age, except
in the 0—4 years age group.

Table 3 shows the age-specific incidence of MRSA
patients in 2012 for both the HIC and JANIS data,
as well as the age-specific incidence ratios between
the HIC and JANIS data. Both groups showed a bi-
modal distribution. For persons insured by the health
insurance organizations, those aged >70 years had
the highest incidence (390-4/100 000 person-years).
This was followed by age groups 60-69 years (150-6/
100 000), 04 years (92:4/100 000), and 50-59 years
(68-2/100 000). The lowest incidence was in the 5-9
years age group (5-7/100 000). The age-specific distri-
bution of MRSA incidence for the JANIS data was
similar to that based on HICs. The highest incidence
was observed in the >70 years age group (49-6/100
000 person-years), followed by age groups 60-69
years (14-9/100000), 0-4 years (10-0/100 000), and
50-59 years (6-4/100000). The lowest incidence was
in the 5-9 years age group (1-:0/100 000). The crude in-
cidence ratio was 2-8 [95% confidence interval (CI)
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Table 1. The number of persons insured by health
insurance organizations and the estimated population in
Japan

Age Number Population
group  insured*® in Japant A/B
(years)  (A) (o) (B) (CO VO]

0-4 110425 (7-5)
59 105797  (7-2)

5280000  (4-1) 2:09
5452000  (4-3) 194

10-19 198983  (13-5) 11959000 (9-4) 166
2029 239403  (162) 13454000 (10-5) 1-78
30-39 315081 (21-4) 17509000 (13-7) 1-80
4049 276187 (18-7) 17420000 (13-7) 1-59
50-59 162707  (11-0) 15744000 (123) 1-03
6069 59769  (41) 18432000 (14-4) 0-32
>70 7172 (0-5) 22308000 (17-5) 0-03

Total 1475524 (100-0) 127567000 (100-0) 1-16

* The number of persons insured by health insurance organ-
izations is based on data at 31 March 2012.

1 The population on 1 April 2012, was estimated by the
Ministry of Internal Affairs and Communications based
on the 2010 Population Census.

2:6-3-1]. However, except for the 5-9 years age group,
the age-specific incidence ratios between the HIC and
JANIS data were around 10. The age-adjusted inci-
dence ratio, determined by the Mantel-Haenszel
method, was 9-9 (95% CI 9-0-10-8).

DISCUSSION

In this study, we calculated and compared the inci-
dences of MRSA patients based on HIC data for
those insured by health insurance organizations, as
well as data reported to JANIS. There are two
major findings. The first is that the age-specific inci-
dence of MRSA patients showed a J-shaped curve
for both the HIC and JANIS data. The second is
that the age-specific incidence ratios for the HIC and
JANIS data were around 10 for almost all age groups.
Our results suggest that direct notification of JANIS
regarding MRSA patients is not affected by patients’
age, and that information from HICs is useful for
evaluation of the sentinel infection surveillance system.

For both HICs and JANIS, the age-specific inci-
dence of MRSA patients showed a J-shaped curve
and the incidence was lowest in the 5-9 years age
group. MRSA colonization has been observed in
healthy children [18] and the elderly living in retirement
homes [19] or nursing homes [20, 21]. Risk factors for
mortality in patients with Staphylococcus aureus bacter-
aemia include malignancy, low serum albumin, high
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Table 2. The number of MRSA patients defined by
HICs or reported to JANIS

Age group

(years) HICs (%) JANIS (%)
0-4 102 (19-0) 528 (3-2)
5-9 6 (1-1) 53 0-3)
10-19 27 (5:0) 133 (0-8)
20-29 36 6:7) 190 (1-1)
30-39 49 (CAY) 284 (1-7)
40-49 88 (16-4) 567 (3-4)
50-59 111 (20-7) 1009 61)
60-69 90 (16-8) 2746 (16:6)
=70 28 (52) 11067 (66-8)
Total 537 (100-0) 16 577 (100-0)

HIC, Health insurance claims; JANIS, Japan Nosocomial
Infections Surveillance system; MRSA, methicillin-resistant
Staphylococcus aureus.

glucose, and methicillin resistance [22]. MRSA pneu-
monia is associated with significant mortality [23],
and patients treated with injected anti-MRSA drugs
generally have severe diseases that precede MRSA in-
fection. Finally, a J-shaped curve characterizes the age-
specific mortality in malignant neoplasms, pneumonia,
and circulatory diseases in Japan [24]. It is therefore not
surprising to find a J-shaped curve in the age-specific
incidence of MRSA patients.

The MRSA patients’ age-specific incidence ratios
calculated from both the HIC and JANIS data were
almost constant. Because of the universal health insur-
ance coverage system in Japan, all information about
healthcare services received by MRSA inpatients is
provided to insurers. During the study period, medical
facilities with <200 beds were not eligible to partici-
pate in JANIS. In 2011, of 2052 eligible hospitals
with >200 beds, 495 (23-8%) participated in JANIS.
Therefore, the number of MRSA patients reported
to JANIS underestimates the true number of MRSA
patients in Japan. One of the reasons for the difference
in age-specific incidences derived using HIC and
JANIS data is that JANIS is a voluntary surveillance
system, and not all medical facilities are registered as
sentinels.

There are three major advantages of using HICs for
infection surveillance. The first is that the information
HICs contain is not affected by healthcare providers’
notifications to surveillance systems [7]. The second
is that the data are readily available and collected
at low cost because the format of HICs in Japan’s
health insurance system is uniform and computerized
[11,12]. The third is that the use of HICs eliminates
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Table 3. Age-specific MRSA incidence ( per 100 000 person-years) for HIC and JANIS data and incidence ratios

between HIC and JANIS data

Incidence (95% CI)

Incidence ratio

Age group (years) HICs JANIS (95% CI)

0-4 92:4 (76:1-112-1) 10-0 (9-2-10-9) 92 (7-5-11-4)
5-9 57 (2-6-12-4) 1-0 (0-7-1-3) 57 (2-5-13-6)
10-19 13-6 (9-3-19-7) 1-1 (0-9-1-3) 12-4 (8:1-18-5)
20-29 15-0 (10-9-20-8) 1-4 (1-2-1-6) 10-7 (7-5-15-2)
30-39 15:6 (11-8-20-6) 1-6 (1-4-1-8) 9-8 (7-1-13-0)
40-49 319 (25:9-39-3) 33 (3:0-3-5) 97 (7-8-12-3)
50-59 682 (56:7-82-1) 64 (6:0-6-8) 10-7 (8-8-12-9)
60-69 150-6 (122-5-185-1) 14-9 (14-4-15-5) 10-1 (8-2-12-5)
=70 390-4 (270-1-564-3) 49-6 (48-7-50-5) 7-9 (54-11-4)
Total 364 (33-4-39-6) 13-0 (12-8-13-2) 2-8 (2-6-3-1)

Age adjusted

99  (9:0-10-8)

CI, Confidence interval;, HICs, health insurance claims; JANIS, Japan Nosocomial Infections Surveillance system; MRSA,

methicillin-resistant Staphylococcus aureus.

Age-adjusted incidence ratio was estimated by the Mantel-Haenszel method.

inadvertent data duplications because insurers can
identify whether patients are treated at multiple med-
ical facilities for the same disease [7]. However, time-
liness has not been taken into consideration. Since
healthcare providers are required to submit, for each
patient treated, a single HIC combining all healthcare
services offered by the provider in a given month, the
data from an HIC is not necessarily timely for surveil-
lance systems.

HIC data defines MRSA patients differently from
JANIS. All inpatients who receive at least one injected
antibiotic for MRSA are identified as MRSA patients
by HICs, and drug resistance is not considered.
Recently, a guideline for the restricted use of
anti-MRSA medications [25-28] was applied, and as-
sessment of drug resistance is recommended before
such medications are used [25-28]. However, the
definition of MRSA based on injected antibiotics is
not specific, and it is possible that any given infection
might be caused by a pathogen other than MRSA.
For example, a physician who is not an infectious dis-
ease specialist may treat a patient using injected anti-
biotics that are also used for MRSA patients.
Alternatively, due to the clinical condition and the
suspicion of MRSA infection in a given patient, a
physician might inject antibiotics to treat MRSA be-
fore antimicrobial resistance is evaluated. Therefore,
the definition of MRSA patients solely based on ad-
ministration of injected anti-MRSA antibiotics (as in
the HIC data) may be less specific than the definition
of MRSA patients used by JANIS. This is one reason
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for the differences in age-specific incidence between
the HIC and JANIS data. These facts support the util-
ity of infectious disease surveillance using medical re-
ceipt data, and suggest that information from HICs is
useful for evaluating the infectious disease surveillance
system. Further studies should evaluate the sensitivity
and specificity of the diagnostic criteria for MRSA
patients based on information in HICs. Similarly,
more appropriate diagnostic criteria for MRSA
patients should be identified by considering the length
of stay, the amounts of antibiotics given for MRSA
infection, and the diagnosis. Differences in the sensi-
tivity and specificity of various diagnostic criteria
[29, 30] must be considered in order to appropriately
evaluate MRSA surveillance using data from HICs.
This study has two major strengths. First, it evalu-
ated the quality of sentinel surveillance using a data
source that was not based on reports from physicians.
The surveillance system substantially underestimates
the number of MRSA cases because for various rea-
sons, they are not all reported by physicians [7].
Thus, it is necessary to verify that any change in the
reported incidences of specific diseases is due to the ac-
tual decline of the disease, rather than a failure of sur-
veillance. Our finding that notification to JANIS
about MRSA patients was not affected by patients’
age suggests the usefulness of information from
HICs for the evaluation of the infection surveillance
system. Previous surveys have studied the reliability
of the MRSA surveillance system by asking medical
facilities to report additional information [29, 31].
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However, the reliability of such investigations are
affected by response rates, because data are not
obtained from medical institutions that do not report
to the surveillance system. Our method used data from
sources other than direct physician notifications to the
surveillance system. It was reported that the sentinel
surveillance system for adult measles in Japan was
lower than the number of measles cases identified in
HICs [7]. The above facts indicate the usefulness of
evaluating the surveillance system using HIC-derived
information.

The second strength of this study is that the inci-
dence of MRSA inpatients could be calculated using
a standardized definition in a specific population.
The conventional infectious disease surveillance sys-
tem in Japan is based on the number of patients
reported by sentinel medical facilities. Since patients’
names and addresses may not necessarily be reported,
the current surveillance system cannot distinguish
patients who visit multiple medical facilities. The
health insurance system in Japan allows patients to
visit any medical facility without first consulting gen-
eralists, and thus the number of patients reported by
medical facilities does not necessarily reflect the popu-
lation surrounding any given facility. The number of
patients reported by each sentinel medical facility is
affected not only by the incidence of the target disease
but also by the number of patients or the population
where the medical facility is located. To compare epi-
demic patterns in different areas [32-34] or across dif-
ferent time spans, incidence is more appropriate than
the number of MRSA cases per patient-day [23] or
device-day [23, 35] in each medical facility, because it
simultaneously considers the number of patients (the
numerator) and the total population (denominator).

There are two major limitations to this study. The
first is that HICs do not provide information on the
degree of drug resistance. Because HICs are designed
solely to claim the costs of all healthcare services
offered by a healthcare provider in a given month,
the results of laboratory tests may not be accessible
even when we know that such tests have been per-
formed. In this study, when using the HIC data,
MRSA patients were defined as those injected with
anti-MRSA drugs; this definition does not consider
the actual drug resistance of pathogens isolated from
patients. By contrast, JANIS defines MRSA infection
more specifically based on results of antimicrobial sus-
ceptibility tests. MRSA bloodstream infection rates
obtained using laboratory-identified event-reporting
modules differ from those obtained from traditional
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surveillance [36]. The difference in diagnostic criteria
is one reason for the discrepancy between HICs and
JANIS in the number of reported MRSA cases.
However, MRSA treatment guidelines strongly re-
strict anti-MRSA drug injections [27, 28], and the
established use of laboratory drug resistance tests
prior to anti-MRSA drug injections was initiated
only recently.

The second limitation is that we examined only in-
formation regarding anti-MRSA medicine use and
patients’ age. Thus, diagnoses other than MRSA in-
fection, differences between community-acquired and
nosocomial infections, disease severity, sex, and re-
gion were not evaluated in this study. Moreover, we
cannot reliably estimate the rate or proportion of
patients identified as having MRSA during hospital-
ization in all who are hospitalized because we do not
have data of the number of persons who are hospita-
lized. However, the definition of MRSA patients from
information on HICs was not affected by the reliabil-
ity of the diagnoses described on HICs or uncoded
diagnoses. For JANIS surveillance, precise informa-
tion such as infection site and the site where the patho-
gen was detected are reported. In other MRSA
surveillance systems, information about the drug re-
sistance of the detected bacterium, infection site, sur-
gical procedure, and use of central venous catheters
are collected [35, 37-39]. HICs are prepared by health-
care providers in Japan for reimbursement of their ser-
vices. In Japan, not all hospitals are certified for DPC/
PDPS. Information about the diagnosis that caused
hospitalization is reported in HICs from certified,
but not uncertified, hospitals. DPC/PDPS HIC
records contain information not only about health in-
surance qualification status, healthcare costs, clinical
procedures, but also about the diagnosis that caused
hospitalization and the severity of disease. This type
of HIC data allows for research such as a previous
study that examined the association between hospital
case volume and mortality in non-elderly pneumonia
patients [12]. Further studies are necessary to assess
the effects of factors not analysed in this study for
the relationship between age group and MRSA inci-
dence captured in JANIS and HIC datasets.

CONCLUSION

This study used information from HICs and JANIS to
estimate the age-specific incidence of MRSA inpati-
ents for a 1-year period in Japan. The incidence ratios
were constant between the two datasets for all age
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groups, suggesting that JANIS notification of MRSA
cases was not affected by patients’ age.

ACKNOWLEDGEMENTS

This work was partly funded by research grants
from the Ministry of Health, Labour and Welfare of
Japan (H24-Shinko-Ippan-010) and by the Research
Programme on Emerging and Re-emerging Infectious
Diseases from the Japan Agency for Medical Research
and Development (AMED).

DECLARATION OF INTEREST

None.

REFERENCES

1. Stryjewski ME, Corey GR. Methicillin-resistant
Staphylococcus aureus: an evolving pathogen. Clinical
Infectious Diseases 2014; 58: S10-S19.

2. Uhlemann AC, et al. Evolution of community- and
healthcare-associated methicillin-resistant Staphylococcus
aureus. Infection, Genetics and Evolution 2014; 21: 563-574.

3. Hernandez-Porto M, et al. Antimicrobial resistance and
molecular analysis of methicillin-resistant Staphylococcus
aureus collected in a Spanish hospital. Microbial Drug
Resistance 2015; 21: 201-208.

4. Shibl AM, et al. National surveillance of antimicrobial
resistance among Gram-positive bacteria in Saudi
Arabia. Journal of Chemotherapy 2014; 26: 13-18.

5. Taylor G, et al. Epidemiology of meticillin-resistant
Staphylococcus aureus bloodstream infections in Alberta,
Canada. Journal of Hospital Infection 2015; 89: 132-135.

6. Lewis SS, et al. Epidemiology of methicillin-resistant
Staphylococcus aureus pneumonia in community hospi-
tals. Infection control and Hospital Epidemiology 2014;
35: 1452-1457.

7. Tanihara S, et al. Evaluating measles surveillance: com-
parison of sentinel surveillance, mandatory notification,
and data from health insurance claims. Epidemiology
and Infection 2011; 139: 516-523.

8. Haamann F, Dulon M, Nienhaus A. MRSA as an occu-
pational disease: a case series. International Archives
of Occupational and Environmental Health 2011; 84:
259-266.

9. Brabazon ED, et al. Under-reporting of notifiable infec-
tious disease hospitalizations: significant improvements
in the Irish context. Epidemiology and Infection 2015;
143: 1166-1174.

10. Goldenberg SD, Volpe H, French GL. Clinical negli-
gence, litigation and healthcare-associated infections.
Journal of Hospital Infection 2012; 81: 156-162.

11. Tanihara S, Imatoh T, Momose Y. Assessment of med-
ical expenditures for sepsis: differentiating between
cases with and without ruled-out diagnoses. Acta
Medica Okayama 2014; 68: 1-6.

https://doi.org/10.1017/50950268816000674 Published online by Cambridge University Press

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

Kumamaru H, et al. Association between hospital case
volume and mortality in non-elderly pneumonia
patients stratified by severity: a retrospective cohort
study. BMC Health Services Research 2014; 14: 302.
Morikane K, et al. Factors associated with surgical site
infection in colorectal surgery: the Japan nosocomial
infections surveillance. Infection Control and Hospital
Epidemiology 2014; 35: 660-666.

Morikane K, et al. Differences in risk factors associated
with surgical site infections following two types of car-
diac surgery in Japanese patients. Journal of Hospital
Infection 2015; 90: 15-21.

Clinical and Laboratory Standards Institute. Perform-
ance standards for antimicrobial susceptibility. testing;
seventeenth informational supplement. CLSI document
M100-S17, 2007.

Statistics Bureau, Ministry of Internal Affairs and
Communications of Japan. Population estimates, 2012.
Kimura S, et al. Development of a database of health in-
surance claims: standardization of disease classifications
and anonymous record linkage. Journal of Epidemiology
2010; 20: 413-419.

. Braga ED, et al. High prevalence of Staphylococcus aur-

eus and methicillin-resistant S. aureus colonization
among healthy children attending public daycare cen-
ters in informal settlements in a large urban center in
Brazil. BMC Infectious Diseases 2014; 14: 538.
Almeida ST, et al. Prevalence, risk factors, and epidemi-
ology of methicillin-resistant Staphylococcus aureus car-
ried by adults over 60 years of age. European Journal of
Clinical Microbiology & Infectious Diseases 2015; 34:
593-600.

Budimir A, et al. Prevalence and molecular characteris-
tics of methicillin-resistant Staphylococcus aureus strains
isolated in a multicenter study of nursing home residents
in Croatia. American Journal of Infection Control 2014;
42: 1197-1202.

Jans B, et al. Epidemiology of multidrug-resistant
microorganisms among nursing home residents in
Belgium. PLoS ONE 2013; 8: ¢64908.

Kobayashi D, et al. A predictive rule for mortality of
inpatients with Staphylococcus aureus bacteraemia: a
classification and regression tree analysis. European
Journal of Internal Medicine 2014; 25: 914-918.
Tadros M, et al. Epidemiology and outcome of pneumo-
nia caused by methicillin-resistant Staphylococcus aur-
eus (MRSA) in Canadian hospitals. PLoS ONE 2013;
8: e75171.

Statistics and Information Department, Minister’s
Secretariat, Ministry of Health, Labour and Welfare of
Japan. Vital Statistics, 2013.

Rybak MJ, et al. Therapeutic monitoring of vancomycin
in adults summary of consensus recommendations from
the American Society of Health-System Pharmacists, the
Infectious Diseases Society of America, and the Society
of Infectious Diseases Pharmacists. Pharmacotherapy
2009; 29: 1275-1279.

Okada K, et al. Clinical practice guidelines for thera-
peutic drug monitoring of arbekacin: a consensus review
of the Japanese Society of Chemotherapy and the


https://doi.org/10.1017/S0950268816000674

27.

28.

29.

30.

31.

32.

33.

Evaluating MRSA surveillance using health insurance claims

Japanese Society of Therapeutic Drug Monitoring.
Journal of Infection and Chemotherapy 2014; 20: 1-5.
Liu C, et al. Clinical practice guidelines by the infectious
diseases society of america for the treatment of
methicillin-resistant Staphylococcus aureus infections in
adults and children. Clinical Infectious Diseases 2011;
52: e18-55.

Niki Y, et al. Practical guidelines for the management
and treatment of infections caused by MRSA, 2nd edn
[in Japanese]. Kansenshogaku Zasshi 2014; 88: 597-668.
Stenhem M, et al. Validity of routine surveillance data: a
case study on Swedish notifications of methicillin-
resistant Staphylococcus aureus. Eurosurveillance 2009;
14: 19281.

Henriksen DP, et al. How well do discharge diagnoses
identify hospitalised patients with community-acquired
infections? — a validation study. PLoS ONE 2014; 9:
€92891.

Forrester L, et al. How reliable are national surveil-
lance data? Findings from an audit of Canadian
methicillin-resistant Staphylococcus aureus surveillance
data. American Journal of Infection Control 2012; 40:
102-107.

van Cleef BA, et al. Cross border comparison of MRSA
bacteraemia between The Netherlands and North
Rhine-Westphalia (Germany): a cross-sectional study.
PLoS ONE 2012; 7: e42787.

Lessa FC, et al. Comparison of incidence of bloodstream
infection with methicillin-resistant Staphylococcus aureus

https://doi.org/10.1017/50950268816000674 Published online by Cambridge University Press

34.

35.

36.

37.

38.

39.

2267

between England and United States, 2006-2007. Clinical
Infectious Diseases 2010; 51: 925-928.

Pearson A, Chronias A, Murray M. Voluntary and man-
datory surveillance for methicillin-resistant Staphylococ-
cus aureus (MRSA) and methicillin-susceptible S. aureus
(MSSA) bacteraemia in England. Journal of Antimicro-
bial Chemotherapy 2009; 64 (Suppl. 1): i11-17.

Gibson KE, et al. Methicillin-resistant Staphylococcus
aureus: site of acquisition and strain variation in high-
risk nursing home residents with indwelling devices.
Infection Control and Hospital Epidemiology 2014; 35:
1458-1465.

Baker AW, et al. Methicillin-resistant Staphylococcus
aureus bloodstream infection surveillance: National
Healthcare Safety Network’s laboratory-identified
event reporting versus traditional laboratory-confirmed
bloodstream infection surveillance. Infection Control
and Hospital Epidemiology 2014; 35: 1286-1289.

Gikas A, et al. Device-associated infections in the inten-
sive care units of Cyprus: results of the first national in-
cidence study. Infection 2010; 38: 165-171.

Babazono A, et al. Risk factors for nosocomial infection
in the neonatal intensive care unit by the Japanese
Nosocomial Infection Surveillance (JANIS). Acta
Medica Okayama 2008; 62: 261-268.

Weber DJ, et al. Comparison of hospitalwide surveil-
lance and targeted intensive care unit surveillance of
healthcare-associated infections. Infection Control and
Hospital Epidemiology 2007; 28: 1361-1366.


https://doi.org/10.1017/S0950268816000674

