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Article history: Background: Outbreaks of Bacillus cereus bloodstream infections (BSIs) are a concern in

Received 16 August 2022 Japanese medical settings.

Accepted 7 February 2023 Aim: This study determined baseline values for B. cereus detection in clinical samples that

Available online 11 February are useful as reference values for hospitals when assessing the need for intervention.

2023 Method: A retrospective analysis of B. cereus detection in the Japan Nosocomial Infec-
tions Surveillance data from 2008 to 2014 was performed; it included 950 individual hos-

Keywords: pitals across the country.

Bacillus cereus Findings: Bacillus spp. were detected in 0.54% of the clinical specimens submitted for

Bloodstream infections bacteriological testing. Specimens positive for Bacillus spp. were mainly blood (24.6%),

Epidemiology stool (26.5%), and respiratory specimens (23.3%). Identification of Bacillus spp. at the

Infection control species level (i.e., B. cereus or B. subtilis) was reported in 55.3%, 14.7%, and 15.4% of

Seasonality cases, of which 88.9%, 48.3%, and 33.1% were B. cereus in blood, stool, and respiratory

— specimens, respectively. Of the 4105 hospital-years, 75.7% had blood specimens with
L} Bacillus spp., with a median of 0.85 blood specimens/100 beds annually (interquartile
Updtes range, 0.17—2.10). The B. cereus detection showed significant summer seasonality,
regardless of specimen type or geographic distribution. The B. subtilis detection did not
show seasonality, and its detection remained constant throughout the year. The season-

ality of Bacillus spp. reflects the high proportion of B. cereus.
Conclusions: The increased detection rate of Bacillus spp. during summer should be
interpreted as a risk factor for B. cereus BSls. A post-summer decrease in Bacillus spp.

should not be interpreted as an effect of interventions.
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include haematological malignancies [3], recent antimicrobial
use [5], intravenous catheter placement [6], administration of
peripheral nutritional solutions [7,8], and use of alcohol prep
pads [9]. Particularly, an association between the use of
recyclable linens and B. cereus BSls has been reported in sev-
eral hospitals in Japan, where it is customary to give patients a
bed bath with hot, steamed towels [10—12]. Investigation of
these outbreak cases suggested that the towels were highly
contaminated with B. cereus during the washing and storage
processes and acted as a source of infection. In studies fol-
lowing these outbreaks, it was revealed that enhanced hygiene
of reusable towels [12], the introduction of disposable towels
[13,14], and hand hygiene with soap and running water for
healthcare workers who handle towels [15] are key methods to
prevent B. cereus BSls in healthcare settings. Nevertheless,
outbreaks of B. cereus BSIs were reported in teaching hospitals
[16—19]. One of the possible reasons why outbreaks of
B. cereus BSls continue to occur is that Bacillus spp., including
B. cereus, are ubiquitous in the environment and cannot be
eliminated in totality. Moreover, the detection of Bacillus spp.
in blood culture tends to be classified as contamination [20].
This may result in missed opportunities for professionals, such
as epidemiologists, to intervene at an optimal time to control
infection. Therefore, the aim of this study was to obtain
baseline data on the detection of B. cereus in hospitals by
analysing a nationwide nosocomial infection database and to
clarify the status of B. cereus detection that would require
intervention.

The Japan Nosocomial Infections Surveillance (JANIS) sys-
tem is a nationwide hospital-based surveillance system estab-
lished in 2000 by the Japanese Ministry of Health, Labour, and
Welfare [21]. The clinical laboratory (CL) division of JANIS is
designed to collect all clinical microbiological test results,
including culture-negative results, from participating hospitals
electronically. With approximately 1000 voluntarily partic-
ipating hospitals as of 2014, the JANIS CL division is the largest
database of clinically isolated bacteria in Japan. Using this
database, we described the prevalence of B. cereus in blood
specimens from hospitals across Japan. In addition, because
non-sterile specimens are likely to reflect environmental con-
tamination, we described the prevalence of B. cereus in non-
sterile specimens as a potential indicator for risk of B. cereus
BSI in healthcare settings.

Methods
Data source and inclusion criteria

The clinical microbiological test results of the hospitals
participating in JANIS and submitted to the JANIS CL division
between January 2008 and December 2014 were extracted
with the approval of the Japanese Ministry of Health, Labour,
and Welfare. We limited our analysis to data to the end of 2014
when JANIS covered only large hospitals (200 beds or more),
primarily acute care, and teaching hospitals because in 2015,
JANIS expanded its target to hospitals with less than 200 beds,
which included hospitals providing long-term care. The humber
of hospitals was counted on a single year basis, and hospitals
that participated in JANIS for more than two years were inde-
pendent facilities each year (hospital-years). The JANIS CL
division system accepts clinical microbiological test results

Table |

Number of samples tested and number of samples positive for
Bacillus (B. cereus, B. subtilis, and Bacillus sp.) by sample types
collected from the Japan Nosocomial Infection Surveillance Clin-
ical Laboratory Division between January 2008 and December 2014

Sample type  Number of Number of samples

samples tested positive for Bacillus

Positivity for
Bacillus (%)

Respiratory 7,516,401 30,633 0.41
Blood 6,558,062 32,275 0.49
Urine 2,925,701 1,920 0.07
Stool 2,021,788 34,736 1.72
Others 5,223,137 31,782 0.61
Total 24,245,089 131,346 0.54

data, electronically, from JANIS participating hospitals [21,22].
The method of isolation and identification of Bacillus spp. from
non-sterile samples was left partly to the discretion of each
hospital, but it can be assumed that detection of Bacillus spp.
has been reported when Bacillus-like colonies were dominant.
The following hospital-based information was required from
the JANIS CL division: hospital ID, patient ID, type of specimen,
date of specimen submission, and patient hospitalisation status
(inpatient or outpatient). Hospitals that reported data lacking
this information were excluded from this study. In addition,
hospitals that reported isolation of B. anthracis were excluded
from this study because they were deemed to have submitted
unreliable data, and probably misplaced the bacterial code.
Incidentally, there were no reports on anthrax in Japan since
1994. Data from hospitals that did not report the number of
beds were also excluded.

Definitions and data processing

JANIS provided four categories for reporting Bacillus
detection: B. cereus, B. subtilis, B. anthracis, and Bacillus sp.
when the isolate was not identified to the species level. In this
study, we set an additional category of ‘Bacillus’ to represent
the detection of B. cereus, B. subtilis, and Bacillus sp.
together. The monthly detection rate was defined as the pro-
portion of samples that tested positive for the target pathogen
over the total samples tested for a particular month. The
period from July to September was defined as the summer
season. A three-month moving average was used to visualise
seasonal trends in the detection rate. Relevant geographical
and weather data were obtained from published data [23,24].

Statistical analysis

Pearson’s correlation analysis was used to examine the
relationship between two variables. The chi-square test was
used to examine the statistical significance among categorical
variables. Statistical significance was set at P < 0.05. All stat-
istical analyses were performed using STATA version 13.1
(StataCorp, College Station, TX, USA).

Results

Microbiological test results of 24,245,089 clinical samples
reported from 4105 hospital-years originating from 950
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Figure 1. Monthly average detection rates of Bacillus spp. in blood (A), stool (B), and respiratory (C) specimens from January 2008 to
December 2014 are shown, along with a breakdown of the species, which included B. cereus, B. subtilis, or Bacillus spp. Summer months

(July to September) are indicated by the black bars.

individual hospitals were eligible for this study. The median
number of beds was 404 (interquartile range [IQR], 310—541;
range, 44—1435). As shown in Table |, respiratory specimens
were the most common type of clinical samples, followed by
blood, urine, and stool samples. Bacillus (i.e., Bacillus sp.,
B. cereus, and B. subtilis) was positive in 0.54% of all samples
tested and the highest proportion of Bacillus positivity was
reported in stool samples (1.72%). Since Bacillus were mainly

detected in blood, stool, and respiratory specimens, we further
investigated these samples by classifying them into blood and
non-blood (stool and respiratory specimens) samples. Among
blood samples, Bacillus was reported in 75.7% (3109/4105)
hospital-years, with an annual median number of 0.85 blood
samples/100 beds (IQR, 0.17—2.10 blood samples/100 beds).
The upper 90" tile of that number was 3.9 samples/100 beds,
with a maximum of 33.25 blood samples/100 beds, suggesting
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Figure 2. The monthly detection rate of B. cereus along with its three-month moving average in seven prefectures of Japan (Hokkaido,
Miyagi, Tokyo, Shizuoka, Osaka, Fukuoka, and Okinawa) between January 2008 and December 2014. Dashed line indicates B. cereus, and
solid line indicates the three-month moving average. The bar graph shows the average monthly temperatures over a seven-year period

(2008—2014), with the summer months filled in dark grey.

that those hospitals may have experienced an outbreak of
B. cereus BSI or at least Bacillus BSI. In non-blood samples,
Bacillus was detected in 80.9% (3320/4105) hospital-years with
an annual median number of 1.50 samples/100 beds (IQR,
0.31-5.56 samples/100 beds). Pearsons correlation analysis
showed a very weak positive correlation between the number
of bed-adjusted annual numbers of Bacillus in blood and non-
blood samples (r=0.27, P <0.001).

Overall, 28.9% isolates were reported at the species level
among Bacillus. By sample type, species level identification
was seen in 55.3% of blood, 14.7% of stool, and 15.4% of res-
piratory specimens. Among the Bacillus isolates reported at the

species level, the proportion of B. cereus was 72.7% overall,
and by sample type, blood had the highest proportion of
B. cereus, 88.9%, followed by respiratory specimens (48.3%)
and stool (33.1%).

The monthly detection rates of those identified as B. cereus
or B. subtilis in the blood, stool, and respiratory specimens are
shown in Figure 1. The detection rate of B. cereus clearly
increased in summer for all three sample types. In contrast, the
detection rate of B. subtilis was nearly stable throughout the
year. Comparing January and August as representative months
of winter and summer in Japan, respectively, the detection
rate of B. cereus in blood was 0.15% in January and 0.40% in
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August (relative risk [RR], 2.69; 95% confidence interval [CI],
2.48—-2.92; P <0.001). The detection rate of B. cereus in stool
was 0.05% in January and 0.13% in August (RR, 2.55; 95% ClI,
1.99-3.26; P <0.001), and that in respiratory specimens was
0.02% in January and 0.05% in August (RR, 2.66; 95% ClI,
2.14—3.31; P <0.001). In contrast, the monthly detection rates
of Bacillus, showed a clear and significant seasonality that was
observed only in blood samples, 0.30% in January and 0.76% in
August (RR, 2.36; 95% Cl, 2.24—2.50; P <0.001). The detection
rate of Bacillus in both respiratory and stool samples did not
show notable seasonality. In other words, summer seasonality
in Bacillus detection rate was primarily due to a higher pro-
portion of B. cereus identified at the species level.

Since Japan is spread lengthwise from north to south and has
a diverse climate, we also examined the seasonality of
B. cereus detection in blood by region. Seven prefectures, from
north to south, were extracted, including Hokkaido, the
northmost region (capital location, lat. 43°03'51” N.), and
Okinawa, the south-most region (capital location, lat.
26°12'45" N.) [24]. In the monthly average temperatures for
seven years (2008—2014), the largest difference between
winter and summer temperatures was observed in Hokkaido
(January, —3.5 °C; August, 22.9 °C; difference of 26.4 °C) and
minimal difference in Okinawa (January 16.8 °C, August 28.9
°C; difference 12.1 °C). As shown in Figure 2, summer season-
ality in B. cereus detection rate was observed in all seven
regions examined. The difference in monthly detection rate of
B. cereus between winter and summer seasons was larger in
Hokkaido (0.51%) than Okinawa (0.18%). Interestingly, although
not statistically significant, there was a trend toward greater
increases in B. cereus detection rate during the summer
months at sites with greater temperature differences between
winter and summer (r=0.56, P =0.2; Figure 3).

Discussion

The purpose of this study was to describe the prevalence of
B. cereus in clinical samples in Japan and provide baseline data
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Figure 3. Correlation between difference in temperature and
difference in B. cereus detection rate between 2008 and 2014.
Difference in temperature calculated as the difference in mean
monthly temperature in August and mean monthly temperature in
January. Difference in detection rate calculated as difference in
mean monthly detection rate in August and mean monthly
detection rate in January.

for B. cereus detection in blood samples. A broader purpose of
this study was to inform hospitals with a high prevalence of
B. cereus detected in blood samples compared to the national
baseline, and to encourage epidemiologists and infection
control practitioners in hospitals to implement counter-
measures to prevent B. cereus BSI outbreak.

Nationwide surveillance data revealed that approximately
only half of the Bacillus isolates from blood samples were
identified at species level. However, almost 90% of Bacillus
species detected in blood samples were B. cereus. Thus,
prevalence of Bacillus detections in blood samples could be an
alternate indicator of prevalence of B. cereus. The national
baseline values for Bacillus detections were annually 0.85
blood samples/100 beds (IQR, 0.17—2.10 blood samples/100
beds). Furthermore, only B. cereus detection showed clear
seasonality, with peaks in summer, while B. subtilis detection
remained constant throughout the year.

From an observational study at a teaching hospital in Japan,
B. cereus detections during a non-outbreak period is calculated
to be 0.4 blood samples/100 beds annually [25]. In contrast, in
hospitals that experienced B. cereus BSI outbreaks, the pos-
itivity of blood samples was calculated to be 3 to 10 blood
samples/ 100 beds during the outbreak period [6,11]. Notably, a
retrospective review of hospitals with these outbreaks showed
an increasing trend in B. cereus detection, exceeding the upper
75t percentile value (2.1 samples/100 beds) in our analysis, at
least one year before the outbreak [6,11,19]. One such report
pointed out that the number of B. cereus detections remained
consistently high in hospitals reporting constant renovation
work [11], suggesting that an increased detection of B. cereus
in the blood samples may reflect the amount of B. cereus in the
hospital environment increasing the risk of a B. cereus
outbreak.

The summer seasonality in the detection of B. cereus in
blood has been reported earlier [25,26]. This study demon-
strated a seasonal trend that was common throughout Japan
irrespective of climatic variations. Laboratory experiments
have shown that the optimal temperature for B. cereus growth
is 25—37 °C [27], and growth drastically decreases at temper-
atures below 15 °C [28]. Indeed, temperatures in most parts of
Japan are optimal for the growth of B. cereus in summer than in
winter [23]. A retrospective analysis of several outbreaks of
B. cereus as BSls indicated that there were signs of increased
detection of B. cereus prior to outbreaks. Unfortunately,
increased detection did not result in implementation of
appropriate interventions, such as improving cleaning meas-
ures of linens, introducing disposable towels, and enhancing
hand hygiene and maybe let the outbreaks occur [6,11,19]. It
should be recognised that the decreased detection rate of
Bacillus spp. after the summer can be due to seasonality of
B. cereus and not due to the infection control procedure.
Therefore, the assessment should be conducted not only by
short-term trends in the detection rates of Bacillus spp., but
also by its annual trends using data from several years. Inter-
estingly, in countries with tropical or subtropical climates
where average temperatures for most parts of the year are
optimal for B. cereus growth, B. cereus detection in hospitals
still showed summer seasonality and the annual detections
were two—ten times higher than those observed in this study
[29,30]. Our analysis showed that the greater the difference
between summer and winter temperatures, the greater the
difference in B. cereus detection rates. However, this
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difference was not statistically significant. These findings
suggest that the detection rate of B. cereus and its seasonality
are related to both the absolute temperature and degree of
seasonal variations. Studies focusing on specific localities
would provide more insights on the association between tem-
perature and B. cereus detection.

Our study has some limitations. First, since only about half
of the Bacillus detections, including those in blood samples,
were reported at species level, the baseline value for the
number of B. cereus detections could not be calculated
directly. A possible reason for such low proportions of species
identification is that B. cereus can be visually distinguished
from non-cereus Bacillus, especially from B. subtilis, by its
characteristic colony properties and haemolytic findings on
blood agar medium. A widespread, species level identification
with better documentation practices would increase the
accuracy of surveillance. A major challenge is to balance
clinical needs with the cost of testing. Second, participation in
the JANIS surveillance is voluntary and can be biased toward
hospitals with resources for infection control. Such hospitals
are likely to be more active in bacterial culture testing, and
this could have affected the detection rates of pathogens. In
addition, the timing and number of sets of cultures collected
were at the clinician’s discretion. This may have influenced the
pathogen detection rates. Third, due to limitations of the
information available through JANIS, this study does not dis-
tinguish true infection and contamination. However, since it is
not always easy to identify true infections in clinical practice,
using the total number of detections as an indicator would be
practical.

In summary, using the JANIS database, we clarified the
distribution of Bacillus spp. in the clinical samples of hospi-
talised patients. These results will serve as indicators for
infection control measures in each hospital.

Conclusions

The summer seasonality in B. cereus detection rates was
found to be consistent nationwide. This seasonal trend,
together with the baseline values of the annual Bacillus spp.
detection rate per hospital bed obtained in this study, should
be referred to in determining when to implement infection
control interventions and in evaluating their effectiveness.
Species level identification of Bacillus spp. was low in non-
sterile specimens, and the association between B. cereus
detection in blood and non-sterile specimens could not be fully
elucidated. Future studies focusing on whether the detection
of B. cereus in non-sterile specimens could be an indicator of
contamination levels in the hospital environment, and thus a
risk for B. cereus BSI are warranted.

Ethical considerations

Not required.

Data availability

The datasets analysed during the current study are available
on the JANIS official website in Japanese (https://janis.mhlw.
go.jp/index.asp) and partly in English (https://janis.mhlw.go.
jp/english/index.asp).

Acknowledgements

We thank the hospitals that have participated in JANIS and
provided data, the members of the JANIS steering committee,
and the JANIS management office at NIID, Japan.

Author contributions

A.K and S.S designed the study; A.K, supervised by S.S,
performed the analysis, interpreted the results, and worked on
the manuscript. H.H and T.S. contributed to the design of the
study and aided in interpreting the results. All authors have
approved the final version of the article.

Funding

This work was supported by Grant-in-Aid for Scientific
Research (C) Grant Number 20K08853.

Conflict of interest

None declared.

References

[1] Kotiranta A, Lounatmaa K, Haapasalo M. Epidemiology and
pathogenesis of Bacillus cereus infections. Microb Infect
2000;2:189—98. https://doi.org/10.1016/s1286-4579(00)00269-0.
Hernaiz C, Picardo A, Alos JI, Gomez-Garces JL. Nosocomial
bacteremia and catheter infection by Bacillus cereus in an
immunocompetent patient. Clin Microbiol Infect 2003;9:973—5.
https://doi.org/10.1046/j.1469-0691.2003.00682.x.
Inoue D, Nagai Y, Mori M, Nagano S, Takiuchi Y, Arima H, et al.
Fulminant sepsis caused by Bacillus cereus in patients with
hematologic malignancies: Analysis of its prognosis and risk fac-
tors. Leuk Lymphoma 2010;51:860—9. https://doi.org/10.3109/
10428191003713976.
Uchino Y, Iriyama N, Matsumoto K, Hirabayashi Y, Miura K,
Kurita D, et al. A case series of bacillus cereus septicemia in
patients with hematological disease. Intern Med 2012;51:2733—-8.
https://doi.org/10.2169/internalmedicine.51.7258.
Horii T, Notake S, Tamai K, Yanagisawa H. Bacillus cereus from
blood cultures: Virulence genes, antimicrobial susceptibility and
risk factors for blood stream infection. FEMS Immunol Med
Microbiol 2011;63:202—9. https://doi.org/10.1111/j.1574-
695X.2011.00842.x.
[6] Kato K, Matsumura Y, Yamamoto M, Nagao M, Ito Y, Takakura S,
et al. Erratum to: Seasonal trend and clinical presentation of
Bacillus cereus bloodstream infection: Association with summer
and indwelling catheter. Eur J Clin Microbiol Infect Dis
2016;35:875—83. https://doi.org/10.1007/s10096-016-2618-8.
Kutsuna S, Hayakawa K, Kita K, Katanami Y, Imakita N,
Kasahara K, et al. Risk factors of catheter-related bloodstream
infection caused by Bacillus cereus: Case-control study in 8
teaching hospitals in Japan. Am J Infect Control 2017;45:1281-3.
https://doi.org/10.1016/j.ajic.2017.04.281.
Sakihama T, Tokuda Y. Use of peripheral parenteral nutrition
solutions as a risk factor for Bacillus cereus peripheral venous
catheter-associated bloodstream infection at a Japanese tertiary
care hospital: A case-control study. Jpn J Infect Dis
2016;69:531—3. https://doi.org/10.7883/yoken.JJID.2015.489.
[9]1 Dolan SA, Littlehorn C, Glodé MP, Dowell E, Xavier K, Nyquist AC,
et al. Association of Bacillus cereus infection with contaminated
alcohol prep pads. Infect Control Hosp Epidemiol
2012;33:666—71. https://doi.org/10.1086/666334.

12

—

[3

—

[4

[inar

[5

—

[7

—

8

—_—


https://janis.mhlw.go.jp/index.asp
https://janis.mhlw.go.jp/index.asp
https://janis.mhlw.go.jp/english/index.asp
https://janis.mhlw.go.jp/english/index.asp
https://doi.org/10.1016/s1286-4579(00)00269-0
https://doi.org/10.1046/j.1469-0691.2003.00682.x
https://doi.org/10.3109/10428191003713976
https://doi.org/10.3109/10428191003713976
https://doi.org/10.2169/internalmedicine.51.7258
https://doi.org/10.1111/j.1574-695X.2011.00842.x
https://doi.org/10.1111/j.1574-695X.2011.00842.x
https://doi.org/10.1007/s10096-016-2618-8
https://doi.org/10.1016/j.ajic.2017.04.281
https://doi.org/10.7883/yoken.JJID.2015.489
https://doi.org/10.1086/666334

[10]

[11]

[12]

[13]

[14]

[13]

[16]

[17]

[18]

[19]

A. Kobayashi et al. / Infection Prevention in Practice 5 (2023) 100272 7

Dohmae S, Okubo T, Higuchi W, Takano T, Isobe H, Baranovich T,
et al. Bacillus cereus nosocomial infection from reused towels in
Japan. J Hosp Infect 2008;69:361—7. https://doi.org/10.1016/
j.jhin.2008.04.014.

Ohsaki Y, Koyano S, Tachibana M, Shibukawa K, Kuroki M,
Yoshida I, et al. Undetected Bacillus pseudo-outbreak after ren-
ovation work in a teaching hospital. J Infect 2007;54:617—22.
https://doi.org/10.1016/j.jinf.2006.10.049.

Sasahara T, Hayashi S, Morisawa Y, Sakihama T, Yoshimura A,
Hirai Y. Bacillus cereus bacteremia outbreak due to contaminated
hospital linens. Eur J Clin Microbiol Infect Dis 2011;30:219—26.
https://doi.org/10.1007/s10096-010-1072-2.

Itoga M, Inoue F, Saito N, Kayaba H. Increase in Bacillus spp.-
positive Blood Culture Specimens Linked to Inadequate Linen
Management. Kansenshogaku Zasshi 2016;90:480—5. https://
doi.org/10.11150/kansenshogakuzasshi.90.480.

Saito N, Kondo J, Haruki S, Itoga M, Yamamoto A, Kimura M, et al.
Possible involvement of reusable towels in the high rate of
Bacillus species-positive blood cultures in Japanese hospitals.
J Infect Chemother 2016;22:96—101. https://doi.org/10.1016/
j.jiac.2015.11.006.

Sasahara T, Hayashi S, Hosoda K, Morisawa Y, Hirai Y. Comparison of
hand hygiene procedures for removing Bacillus cereus spores. Bio-
control Sci 2014;19:129—34. https://doi.org/10.4265/bio.19.129.
Akamatsu R, Suzuki M, Okinaka K, Sasahara T, Yamane K, Suzuki S,
et al. Novel sequence type in bacillus cereus strains associated
with nosocomial infections and bacteremia, Japan. Emerg Infect
Dis 2019;25:883—90. https://doi.org/10.3201/eid2505.171890.
Aoyagi T, Kishihara Y, Ogawa M, Ito Y, Tanaka S, Kobayashi R,
et al. Characterization of Ba813 harbouring Bacillus cereus in
patients with haematological malignancy and hospital environ-
ments at a medical centre in Japan. J Med Microbiol
2020;69:999—1004. https://doi.org/10.1099/jmm.0.001212.
Nakamura K, Yarimizu A, lhara T, Sawayama Y, Ishimaru T. An
analysis of a case in which Bacillus cereus bacteremia developed
from the use of carry-on towels which resulted in the horizontal
transmission of this organism in the same ward. Kansen-
shogakuzasshi 2018;92:80—5. https://doi.org/10.11150/kansen-
shogakuzasshi.92.80 [in Japanese with English abstract].

Takeda A, Fujikura H, Doi |, Yamagishi T, Matsui T, Oishi K, et al.
Nosocomial infection of Bacillus cereus in a hospital in charge of
community healthcare in Ibaraki Prefecture. Infection Agents
Surveillance Report 2018;121. 3 [in Japanese].

[20]

[21]

[22]

[23]

[24]

[23]

[26]

[27]

[28]

[29]

[30]

Lee CC, Lin WJ, Shih HI, Wu CJ, Chen PL, Lee HC, et al. Clinical
significance of potential contaminants in blood cultures among
patients in a medical center. J Microbiol Immunol Infect
2007;40:438—44.

Tsutsui A, Suzuki S. Japan nosocomial infections surveillance
(JANIS): A model of sustainable national antimicrobial resistance
surveillance based on hospital diagnostic microbiology labo-
ratories. BMC Health Serv Res 2018;18:799. https://doi.org/
10.1186/512913-018-3604-x.

Morikane K, Honda H, Yamagishi T, Suzuki S. Differences in risk
factors associated with surgical site infections following two
types of cardiac surgery in Japanese patients. J Hosp Infect
2015;90:15—21. https://doi.org/10.1016/j.jhin.2014.11.022.
Japan meteorological, A. Historical Weather Observations and
Statistics, https://www.data.jma.go.jp/obd/stats/etrn/index.
php, [accessed 1 July 2022] [in Japanese].

Geospatial information authority of, J. Longitude and latitude by
prefecture, https://www.gsi.go.jp/KOKUJYOHO/center.htm,
[accessed 1 July 2022] [in Japanese]. Japan.

Nakamura |, Takahashi H, Sakagami-Tsuchiya M, Machida M,
Sato S, Watanabe Y, et al. The seasonality of peripheral venous
catheter-related bloodstream infections. Infect Dis Ther
2021;10:495—506. https://doi.org/10.1007/s40121-021-00407-9.
Ashkenazi-Hoffnung L, Kaufman Z, Bromberg M, Block C, Keller N,
Dictar R, et al. Seasonality of Bacillus species isolated from blood
cultures and its potential implications. Am J Infect Control
2009;37:495—9. https://doi.org/10.1016/j.ajic.2008.08.008.

Drobniewski FA. Bacillus cereus and related species. Clin
Microbiol ~ Rev  1993;6:324—38.  https://doi.org/10.1128/
CMR.6.4.324.

De Sarrau B, Clavel T, Clerté C, Carlin F, Giniés C, Nguyen-The C.

Influence of anaerobiosis and low temperature on Bacillus cereus
growth, metabolism, and membrane properties. Appl Environ
Microbiol 2012;78:1715—23. https://doi.org/10.1128/AEM.06410-
11.

Balm MND, Jureen R, Teo C, Yeoh AE, Lin RT, Dancer SJ, et al. Hot
and steamy: Outbreak of Bacillus cereus in Singapore associated
with construction work and laundry practices. J Hosp Infect
2012;81:224—-30. https://doi.org/10.1016/j.jhin.2012.04.022.
Cheng VCC, Chen JHK, Leung SSM, So SYC, Wong SC, Wong SCY,
et al. Seasonal outbreak of bacillus bacteremia associated with
contaminated linen in Hong Kong. Clin Infect Dis 2017;64:591—7.
https://doi.org/10.1093/cid/cix044.


https://doi.org/10.1016/j.jhin.2008.04.014
https://doi.org/10.1016/j.jhin.2008.04.014
https://doi.org/10.1016/j.jinf.2006.10.049
https://doi.org/10.1007/s10096-010-1072-2
https://doi.org/10.11150/kansenshogakuzasshi.90.480
https://doi.org/10.11150/kansenshogakuzasshi.90.480
https://doi.org/10.1016/j.jiac.2015.11.006
https://doi.org/10.1016/j.jiac.2015.11.006
https://doi.org/10.4265/bio.19.129
https://doi.org/10.3201/eid2505.171890
https://doi.org/10.1099/jmm.0.001212
https://doi.org/10.11150/kansenshogakuzasshi.92.80
https://doi.org/10.11150/kansenshogakuzasshi.92.80
http://refhub.elsevier.com/S2590-0889(23)00005-7/sref19
http://refhub.elsevier.com/S2590-0889(23)00005-7/sref19
http://refhub.elsevier.com/S2590-0889(23)00005-7/sref19
http://refhub.elsevier.com/S2590-0889(23)00005-7/sref19
http://refhub.elsevier.com/S2590-0889(23)00005-7/sref20
http://refhub.elsevier.com/S2590-0889(23)00005-7/sref20
http://refhub.elsevier.com/S2590-0889(23)00005-7/sref20
http://refhub.elsevier.com/S2590-0889(23)00005-7/sref20
http://refhub.elsevier.com/S2590-0889(23)00005-7/sref20
https://doi.org/10.1186/s12913-018-3604-x
https://doi.org/10.1186/s12913-018-3604-x
https://doi.org/10.1016/j.jhin.2014.11.022
https://www.data.jma.go.jp/obd/stats/etrn/index.php
https://www.data.jma.go.jp/obd/stats/etrn/index.php
https://www.gsi.go.jp/KOKUJYOHO/center.htm
https://doi.org/10.1007/s40121-021-00407-9
https://doi.org/10.1016/j.ajic.2008.08.008
https://doi.org/10.1128/CMR.6.4.324
https://doi.org/10.1128/CMR.6.4.324
https://doi.org/10.1128/AEM.06410-11
https://doi.org/10.1128/AEM.06410-11
https://doi.org/10.1016/j.jhin.2012.04.022
https://doi.org/10.1093/cid/cix044

	Baseline and seasonal trends of Bacillus cereus and Bacillus subtilis from clinical samples in Japan
	Introduction
	Methods
	Data source and inclusion criteria
	Definitions and data processing
	Statistical analysis

	Results
	Discussion
	Conclusions
	Ethical considerations
	Data availability
	Acknowledgements
	Author contributions
	Funding
	Conflict of interest
	References


