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Failure of sterilization in a dental outpatient facility
Investigation, risk assessment, and management
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Abstract 
In 2017, an incident of failed sterilization of dental instruments occurred at a large dental outpatient facility in Singapore. We aim to 
describe findings of the investigation of the sterilization breach incident, factors related to risk of viral transmission to the potentially 
affected patients, and the contact tracing process, patient management, and blood test results at a 6-month follow-up.

A full assessment of the incident was immediately carried out. The factors related to risk of viral transmission due to affected 
instruments were analyzed using 3 keys points: breached step(s) and scale of the incident, prevalence of underlying bloodborne 
diseases and immunity in the Singapore population, health status of potential source patients, and type of dental procedure 
performed, and health status of affected patients and type of dental procedure received.

Up to 72 affected instrument sets were used in 714 potentially affected patients who underwent noninvasive dental procedures. 
The investigation revealed that there was a lapse in the final step of steam sterilization, resulting in the use of incompletely sterilized 
items. The assessment determined that there was an extremely low risk of bloodborne virus transmission of diseases to the 
patients. At the 6-month follow-up, there were no infected/colonized cases found related to the incident.

Lapses in the sterilization process for medical and dental instruments can happen, but a risk assessment approach is useful 
to manage similar incidents. Quick response and proper documentation of the sterilization process can prevent similar incidents.

Abbreviations: AIDS = Acquired Immunodeficiency Syndrome, anti-HBc = Hepatitis B core total antibody, anti-HBs = Hepatitis 
B antibodies, CSSD = Central Sterile Supplies Department, HBC = Hepatitis C Virus, HBsAg = Hepatitis B Surface Antigen, HBV 
= Hepatitis B Virus, HIV = Human Immunodeficiency Virus, MOH = Ministry of Health, RNA = Ribonucleic acid.
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1. Introduction

Sterilization is a process of complete elimination of all forms 
of microorganisms to ensure the highest level of decontamina-
tion of medical and surgical devices. The sterilization carried 
out in healthcare facilities includes physical or chemical meth-
ods such as steam sterilization, dry heat, ethylene oxide gas, 
hydrogen peroxide gas plasma, vaporized hydrogen peroxide, 
and liquid chemicals.[1] Any breach in protocol (either systemic 
or human error) or equipment failure can lead to incomplete 
or failure of sterilization, which can potentially result in out-
breaks or incidents of transmitting infectious pathogens to 
patients.

National Dental Centre Singapore is a major referral center 
that delivers multidisciplinary specialist oral healthcare, with 
approximately 210,000 patient attendances and 290,000 dental 
procedures performed each year. We operate a Central Sterile 

Supplies Department (CSSD), which reprocesses dental instru-
ments using steam sterilization; details of the process can be 
found under Methods. The breach in our facility occurred at the 
final step of steam sterilization, due to human error when there 
was a failure to verify the start and completion of the steam 
sterilization cycle.

There are a number of sterilization incidents involving med-
ical and dental facilities that resulted from human error, equip-
ment or product failure, or lack of processes.[2] These may lead 
to transmission of bloodborne pathogens such as hepatitis B 
virus (HBV), hepatitis C virus (HCV), human immunodeficiency 
virus (HIV), in addition to a variety of bacteria, fungi, and even 
mycobacteria.

In 2007, Rutala and Weber[2] studied the risk assessment, in 
a hypothetical setting, of 4 potentially affected patients who 
had examinations using disinfected but not sterile specula in an 
Obstetrics–Gynecology Clinic. They found that in noninvasive 
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or category I procedures, the risk of infection of bloodborne dis-
eases following exposure to incompletely sterilized equipment 
was equal to 8 in 100 trillion for HIV, 1 in 10 billion for HBV, 
and a value between HIV and HBV for HCV.[2]

In 2013, Cheng et al described an investigation into failed 
sterilization in a dental clinic due to a rare lapse in monitoring 
during the autoclaving cycle. A total of 127 sources and 250 
exposed patients were involved. The authors noted that a rapid 
response was crucial in minimizing the impact of such an inci-
dent and relieving the anxiety of the exposed patients. They also 
recommended practicing proper recording and documentation 
of the autoclaving process.[3]

In 2014, Southworth[4] reviewed 21 articles on outbreaks and 
incidents associated with inappropriate, inadequate, or unsuc-
cessful decontamination of surgical instruments. The review 
included 6 incidents associated with reported breaches in ster-
ilization that led to contaminated instruments being exposed to 
patients (ranging from 1 to 250 cases)[3,5–8] and 15 outbreak inci-
dents with the consequence of infection or colonization, includ-
ing deaths (ranging from 6 to 302 cases).[9–23] The most common 
organisms found from inappropriate or inadequate disinfec-
tion and sterilization were Proteus mirabilis, Mycobacterium 
chelonae, and Pseudomonas aeruginosa. Notably, 1 incident 
was related to arthroscopic equipment in which the debris was 
inadequately cleaned and steam sterilization was not carried 
out, which led to a Ps aeruginasa outbreak.[9] Another review 
reported a Sphingomonas paucimobilis and Burkholderia pick-
ettii outbreak causing keratitis in a patient’s eye as a result of a 
contaminated steam sterilizer used for cleaning Lasik surgical 
instruments.[11] Taking these factors into account, the possibility 
of cross-transmission could be prevalent in an area such as den-
tistry, where there are large numbers of patients and less strin-
gent controls compared to other types of surgery.

2. Objectives
This article aims to report an incident of incomplete sterilization 
and describes: findings of the investigation of the sterilization 
breach incident, factors related to the risk of viral and bacterial 
transmission to the potentially affected patients, and the contact 
tracing process, patient management, and blood test results at 
6-month follow-up.

3. Methods
National Dental Centre Singapore is an ambulatory spe-
cialist dental facility comprising 106 dental chairs, 2 gen-
eral anesthesia operating theaters, and 6 local anesthesia 
operating theaters. Dental instruments used are sent to the 
CSSD located in the basement of the Centre. This is a 3-step 
process comprising washing, thermal disinfection, and steam 
sterilization before supplies are sent back to clinical floors. 
The contaminated instruments are first washed in the ther-
mal washer disinfector before being packed and sent to the 
steam sterilizer. The autoclave must reach and maintain a 
temperature of 134°C (heat resistant instruments) or 121°C 
(instruments containing rubber) for at least 30 minutes by 
using saturated steam under at least 15 psi of pressure. 
Verified printouts of the parameters during each sterilization 
cycle, biological and chemical indicators are routinely used 
to ensure effective sterilization.

Between June 5 and June 6, 2017, we discovered that 1 batch 
of dental instruments that had not completed the final step of 
the process (steam sterilization) had been used for patient treat-
ment at outpatient clinics. The incident did not involve the oper-
ating theater; hence, surgical instruments were not affected.

An initial instrument recall process was performed by CSSD 
staff; however, the recall was found to be incomplete. In the late 

afternoon of day 2, June 6, 2017, the Centre’s Infection Control 
and Quality Management teams were informed, after which the 
escalation process was started. The second round of recall led by 
the Clinical Governance and Quality Management team began 
on the same day. A complete sweep for unsterile instruments 
was done on the morning of day 3, June 7, 2017, before the 
clinics were allowed to resume operation.

A team was assembled for immediate risk assessment and 
management of the incident. It included the Centre’s Infection 
Control, and Clinical Governance and Quality Management 
teams, and the Department of Infection Prevention and 
Epidemiology and Department of Infectious Diseases of the 
Singapore General Hospital.

The team commenced the investigation by visiting the CSSD 
and clinical supply stations at each affected clinical floor. A 
detailed interview of CSSD and clinical staff was performed to 
tally the number of instruments that went through the steril-
ization process before dispatch to the clinical floors. Up to 72 
affected instrument sets were used in 714 potentially affected 
patients who underwent noninvasive dental procedures.

The investigation team made a decision to contact all poten-
tially affected patients to inform them about the incident and 
risks involved. The attending dentists were tasked to contact 
their patients and/or caregivers. Patients who remained worried 
or could not be reassured over the phone were offered face-to-
face counseling or advised to call a hotline number for more 
information. The incident was also communicated to the media, 
and patients who visited the clinic on June 5 and June 6, 2017, 
were advised to call the hotline number if they were concerned. 
Testing for bloodborne viruses, including HBV, HCV, and HIV, 
was made available for patients who were concerned.

This study was reviewed and approved by SingHealth 
Centralised Institutional Review Board (Ref: 2020/2990). The 
investigation involved 3 main components as described in Figure 1.

3.1. Identification of potentially affected patients

Contact tracing was performed by reviewing the Centre’s 
records from the time of the failed autoclave until the end of 
day 2, when nonsterilized instruments had been completely 
removed from the clinical areas. This involved approximately 
1.5 days of clinical sessions on the 4 clinical floors and 72 dental 
operatories.

A total of 714 individuals were identified along with infor-
mation about the nature of dental treatment(s) performed. The 
raw data were taken from 2 different sources: the Outpatient 
Administration System containing patient visit and registration 
records, and the Electronic Dental Records containing clinical 
and treatment notes.

3.2. Identification of potential source patients

Due to the lack of radiofrequency identification technology for 
instrument tracking, we were unable to trace the instruments 
from end to end. Therefore, potential source patients were man-
ually identified. Potential source patients were preliminarily 
defined as those who underwent treatment 2 working days 
before the incident, June 2, 2017 (full day) and June 5, 2017 
(morning session). The instruments used by these patients had 
been sent to CSSD and 1 batch of instruments did not complete 
the sterilization process.

Instruments were identified according to the clinical floors 
they were used on during particular time periods. The poten-
tially affected and source patients were classified according 
to the dental procedures performed and stratified according 
to the risk of exposure to pathogens, with reference to the 
Society for Healthcare Epidemiology of America Guidelines[24] 
(Table 1).
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Figure 1. Components of Investigations.

Table 1

Dental procedures and classification according to the level of risk for bloodborne pathogen transmission (modified from the SHEA 
Guidelines).

Exposed patients and classification of risk

Category I:
Procedures with minimal risk of 
bloodborne virus transmission 

Category II:
Procedures for which bloodborne virus 
transmission is theoretically possible but 
unlikely 

Category III:
Procedures for which there is definite risk of bloodborne 
virus transmission or that have been classified previously as 
“exposure-prone” 

Oral examination
Taking dental radiographs
Issuance of dental appliances
Smoothening of hard dental tissues
Plaque removal using hand instruments
Impression taking for removal of 

prostheses
Bonding of orthodontic brackets or 

permanent retainers
Removal of surgical stitches
Rubber dam placement
Placement or removal of bands (including 

orthodontic band, crown band)
Placement of retraction cord
Removal of bony sequestration
Dental injections
Gingival probing
Polishing of teeth using polishing cup
Pulpectomy
Debanding
Impression taking for fixed prostheses
Removal of temporary anchorage device
Dental filling

Minor surgical procedures
Incision and drainage
Extractions
Scaling and root planning

General oral surgery, including:
Surgical extractions
Hard and soft tissue biopsy (if more extensive and/or having difficult 

access for suturing)
Apicoectomy
Gingivectomy
Periodontal curettage
Mucogingival and osseous surgery
Alveoplasty or alveoectomy
Endosseous implant surgery

SHEA = Society for Healthcare Epidemiology of America.
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3.3. Risk stratification according to history of bloodborne 
diseases in community

According to the Ministry of Health (MOH) Singapore, 
Communicable Diseases Surveillance Report in 2017, the rate 
of HIV/AIDS in Singapore was 10.9 per 100,000 population 
or 0.01%, acute hepatitis B was 0.7 per 100,000 population or 
0.0007% and acute hepatitis C was 0.4 per 100,000 populations 
or 0.0004%.[25] The seroprevalence rate of chronic hepatitis B 
in 2010 was 3.6%,[26,27] which had dropped from 5% to 6% 
in 1996.[27] Based on MOH internal estimates, the seropreva-
lence rate of chronic hepatitis C in 2016 was estimated at 0.1%, 
based on blood donor screening data and cumulative notifica-
tions of HCV cases to MOH.[26,27] However, the seroprevalence 
of chronic hepatitis C could vary among the different groups of 
Singapore patients, that is, 0.059% in blood donors (recorded in 
2011–2014), 2.2% in hemodialysis patients, and 6.9% reported 
in liver cirrhosis patients at a tertiary liver center.[28]

The medical records of potential source patients were 
screened for a documented history of bloodborne diseases 
(e.g., HBV, HCV, and/or HIV infection) to ascertain the risk of 
cross-infection. Potential risks of transmission of HBV, HCV, 
and HIV were based on data calculated from parenteral expo-
sure and injection injuries.[29–32]

3.4. Risk stratification according to the prevalence of 
immunity to HBV in community

Following the introduction of the Singapore National Childhood 
Immunisation Programme in 1987, Hong et al. conducted a 
study in 2010 to compare the seroprevalence of hepatitis B sur-
face antigen (HBsAg) and hepatitis B antibodies (anti-HBs ≥10 
mIU/mL indicates immunity to hepatitis B). Singapore residents 
aged 18 to 69 years between 1999 and 2005 were studied to 
assess the impact of the 4-year catch-up hepatitis B immuniza-
tion program for adolescents in 2001. The study reported an 
overall significant decrease in the prevalence of HBsAg and a 
significant increase in anti-HBs.[33]

Additionally, a national study on hepatitis B seroprevalence 
in Singaporean citizens aged 18 to 79 years in 2010 confirmed 
that the prevalence of HBsAg decreased significantly com-
pared between 1998 and 2004, while the prevalence of anti-
HBs increased significantly.[34] According to the Singapore 
Communicable Diseases Surveillance report in 2017, the inci-
dence of indigenous acute hepatitis B for all age groups had 
significantly declined and was 10 times lower compared with 
the incidence in 1985 (52 cases or 0.9 per 100,000 population 
vs 243 cases or 9.5 per 100,000 population). During the same 
period, the reported number of cases in children aged 15 years 
or less decreased to 0.[35] Nevertheless, the decision was taken 
to test patients who were concerned and willing to come back 
for testing. The following tests were conducted: hepatitis B core 
total antibody (anti-HBc), anti-HBs, qualitative HBsAg, hepa-
titis C antibody screening (enzyme immunoassay), HCV RNA 
polymerase chain reaction (qualitative), and HIV screening. 
They were advised to have their initial blood tests done within 
1 month of the incident to determine their preexisting status 
for viral infection, and to be followed up at 3- and 6-month 
intervals to determine if there was a possibility of having been 
infected through their dental treatment on the day of the inci-
dent. The results were interpreted and explained to patients by 
either an infectious disease specialist or a gastroenterologist 
from the Singapore General Hospital.

3.5. Risk stratification according to bacterial spore/
bacterial infection

More than 700 bacterial species have been detected in the 
oral cavity.[36] However, in this incident, the instruments had 

completed the earlier steps of thermal disinfection in the steril-
ization process, which would have removed 99.99% of organ-
isms of concern; hence, the risk of bacterial infection to patients 
was assessed to be extremely low. There was a very small risk 
related to bacterial spores causing diarrhea, including a very 
small risk of tetanus.

In Singapore, the National Childhood Immunization 
Programme (recorded between years 2008 and 2017) pro-
vided tetanus toxoid vaccine (tetanus toxoid, reduced diph-
theria toxoid, and acellular pertussis vaccine and pediatric 
diphtheria and tetanus toxoid and acellular pertussis) for each 
child born in Singapore. The coverage rate was reported as 
96.0% to 97.5% for the primary vaccination course, 89.8.3% 
to 92.8% for the first booster dose, and 91.4% to 96.0% for 
the second booster dose.[37] The possibility of bacterial spores 
causing diarrhea and risk of tetanus infection were graded 
as low or unlikely. The human tetanus immunoglobulin was 
available upon request but was not necessary under the treat-
ment and prevention protocol.

4. Results

4.1. The causes of sterilization breach and a delay in 
escalation process

The investigations identified human error as the cause of the 
incident whereby the steam sterilizer had not been activated by 
the staff on duty. Up to 72 packs of dental instruments that did 
not complete the final step of steam sterilization had been sent 
to the outpatient clinics by the same staff.

The instruments were used on patients in the afternoon 
session of clinics on the same day and the whole of the fol-
lowing day. The recall process was initially started by CSSD 
staff on the first day of the incident. However, the recall 
was incomplete due to lack of understanding of the distri-
bution and usage of the instruments in the outpatient clin-
ics. Procedural weaknesses and a lack of vigilance of staff 
involved led to delays in escalation of the incident to senior 
management, which only happened toward the end of day 2 
of the incident.

4.2. Identification of the risk of potentially affected patients

Up to 72 packs of instruments were possibly used for dental 
treatment in 714 patients, resulting in potentially 1 out of 10 
patients being exposed to disinfected but nonsterilized instru-
ments. However, this is likely to be an overestimation as >1 pack 
of instruments may be used on a single patient.

Out of the 714 potentially affected patients, 552 underwent 
category I procedures, while 162 underwent category II proce-
dures. The incident did not involve any category III or the “defi-
nite risk” dental treatment (Table 2).

4.3. Identification of potential source patients

There were 723 potential source patients who made up a total 
of 743 dental visits and 2771 dental instruments used on these 
patients prior to the failed sterilization cycle were identified. 
The dental treatment procedures given to the potential source 
patients were categorized (Table 2).

Of these potential source patients, 13 patients (1.79%) 
had chronic HBV infection with positive HBsAg, 1 patient 
(0.14%) had chronic HCV infection, and 1 patient (0.14%) 
was positive for HCV by enzyme immunoassay (previous 
exposure or false positive). None of the potential source 
patients was known to be HIV-positive. Some patients 
may not have declared their condition or might not have 
been aware of their status; thus, this is likely to be an 
underestimation.



5

Chanchareonsook et al. • Medicine (2022) 101:31 www.md-journal.com

4.4. HBV and HBV immunity profile of affected patients

From the risk estimation, it was concluded that following the 
implementation of the childhood immunization and catch-up 
immunization programs, hepatitis B immunity is high among 
the adult population aged ≤30 years—the level of immunity 
increased from 27.9% in 1998 to 43.3% in 2010.[34]

It was found that 384 cases (53.78%) of all potentially 
affected cases were in the age range of ≤30 years. This patient 
group would have benefitted from the Singapore Hepatitis B 
National Childhood Immunisation Programme.

4.5. Risk of viral transmission due to affected instruments 
in this incident

Table  3 provides the calculated estimated individual risk of 
potentially affected patients according to the category of 
treatment.

4.6. Patient management

4.6.1. HBV, HCV, and HIV. Taking into account the nature of the 
treatment at the outpatient clinics (of which none was invasive) 
and the completion of the earlier steps of thermal disinfection 
in the sterilization process, which would have removed 99.99% 
of organisms of concern, the risk of infection to patients was 
assessed to be extremely low. Postexposure prophylaxis with 
hepatitis B vaccination and hepatitis B immunoglobulin were 
not indicated due to the very low risk of disease transmission. 
Similarly, as no potential source patient was HIV-positive, the 
decision was taken not to offer postexposure prophylaxis for 
HIV to anyone.

Extensive contact tracing of 714 patients was done. 
Communication to patients was performed by the attending 
or senior clinicians to explain or provide guidance to the indi-
vidual patient and/or caregivers regarding concerns and risks 

associated with the incident. Majority of them (576 cases or 
80.7%) were satisfied with the information provided, under-
stood the situation, and did not express any concern or need 
for further support. However, 138 patients (19.32%) were 
concerned and walked in for face-to-face counseling at the 
Centre.

Upon counseling and reassurance, blood tests were per-
formed on 114 potentially affected patients as a baseline. Only 
100 cases continued with the follow-up for the second and third 
blood tests at 3 and 6 months.

In Table 4, baseline results showed that 95 patients (83.3%) 
were negative to anti-HBc. Nineteen patients had positive 
anti-HBc, which indicated past infection with hepatitis B. Two 
patients had positive HBsAg, which indicated that they were 
hepatitis B carriers. Hepatitis B carriers were further counseled 
regarding their status and medical management. Postexposure 
prophylaxis with hepatitis B vaccination and hepatitis B immu-
noglobulin were not indicated due to the very low risk of disease 
transmission.

At the 3 and 6 months postincident blood test, none of the 
100 patients who continued with the follow-up had a positive 
serology test for any of the 3 viruses.

4.6.2. Bacterial spore/bacterial infection. There was no 
report of patients experiencing symptoms related to spore-
forming microbes, for example, diarrhea, wound infection, 
or tetanus related to exposure to Clostridium tetani, Bacillus 
species. One patient requested and received human antitetanus 
immunoglobulin.

5. Discussion
Possible failures in disinfection or sterilization processes may 
occur as a result of human error, equipment malfunction, or sys-
tem failure. Healthcare institutions must have a comprehensive 
work plan for dealing with such events, including a response 

Table 2

Number of potentially affected and potential source patients according to category of treatment received.

Group of patients 

Classification of risk of dental treatment

Category I Category II Category III 

Potentially affected patients (total 714 patients, 714 dental treatment visits) 552 162 0
Potential source patients (total 723 patients,743 dental treatment visits) 490 221 32

The classification is based on a modification of the SHEA Guidelines.[24]

Classification of risk of dental treatment: category I: procedures with minimal risk of bloodborne virus transmission; category II: procedures for which bloodborne virus transmission is theoretically possible 
but unlikely; and category III: procedures for which there is definite risk of bloodborne virus transmission or that have been classified previously as “exposure-prone.”
SHEA = Society for Healthcare Epidemiology of America.

Table 3

Individual risk calculated in relation to the incident in our center.

Dental treatment 
category (SHEA 
Guidelines) 

Prevalence of  
bloodborne diseases 
 in Singapore[25–28,38]

Risk of transmission via oral mucosa 
membrane contact[1] 

 and injection injuries[29–32] 

Likelihood of 
nonsterilized 

instrument used 

Efficacy of  
washer/ 

disinfector 
Effect of 
drying 

Individual 
risk 

Category I HIV ~0.109:1000 ~1:1000 1:10 1:100,000 1:100 1.09 × 10–15
HBV ~36:1000 

to 
60:1000

~1:100 1:10 1:100,000 1:1 3.6 × 10–10  
to 

6.0 × 10–10
HCV ~1:1000 ~1:100 1:10 1:100,000 1:1 1 × 10–11

Category II HIV ~0.109:1000 ~2.38:100 1:10 1:100,000 1:100 2.59 × 10–14
HBV ~36:1000 

to 
60:1000

~37:100 1:10 1:100,000 1:1 1.33 × 10–8  
to 

2.22 × 10–8
HCV ~1:1000 ~5:100 1:10 1:100,000 1:1 5.0 × 10–11

HBV = hepatitis B virus, HCV = hepatitis C virus, HIV = human immunodeficiency virus, Individual risk = estimated individual risk of infection, SHEA = Society for Healthcare Epidemiology of America, Dental treatment.
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timeline, access to laboratory for large numbers of blood tests, 
and patient call-back mechanism.

Immediate response and management of affected 
patients are crucial. We adapted the Society for Healthcare 
Epidemiology of America guidelines[24] with 3 main investi-
gation components in the risk assessment: identification of 
breached step in the sterilization process, potentially affected 
patients, and potential source patients. The assessment deter-
mined that there was an extremely low risk in transmission 
of disease, which guided the strategy to manage the poten-
tially affected patients. As it turned out, no one among those 
who chose to be tested seroconverted, suggesting that using 
tie risk stratification of Rutala and Weber,[2] and combining 
it with our knowledge of the prevalence of HBV, HCV, and 
HIV in Singapore, was a useful strategy. Six hundred patients 
did not come forward for testing or chose not to be tested 
after counseling. Their status remains unknown. However, 
all affected patients had been contacted and informed of the 
incident. Given the increasing awareness of medical litigation 
in Singapore, it is unlikely for the Centre not to have been 
informed of a seroconversion.

For the 20% who were concerned, blood tests and medical 
counseling were provided without cost. The results of the blood 
tests confirmed that there was no transmission of disease to 
affected patients.

A thorough review of the processes at the CSSD was car-
ried out using the Asia Pacific Society of Infection Control 
checklist.[39] Immediate measures were instituted to address the 
gaps followed by sustained quality improvement activities and 
audits.
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