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Abstract

Background: We describe the investigation of a nosocomial outbreak of rapidly growing 

mycobacteria (RGM) infections and the results of mitigation efforts after 8 years.

Methods: A cluster of RGM cases in a Kentucky hospital in 2013 prompted an investigation 

into RGM surgical site infections following joint replacement surgery. A case-control study was 

conducted to identify risk factors.

Results: Eight cases were identified, 5 caused by M. wolinskyi and 3 by M. goodii. The case-

control study showed the presence of a particular nurse in the operating room was significantly 

associated with infection. Environmental sampling at the nurse’s home identified an outdoor hot 

tub as the likely source of M. wolinskyi, confirmed by pulsed-field gel electrophoresis and whole 

genome sequencing. The hot tub reservoir was eliminated, and hospital policies were revised to 

correct infection control lapses. No new cases of RGM infections have been identified as of 2021.
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Discussion: Breaches in infection control practices at multiple levels may have led to a chain of 

infection from a nurse’s hot tub to surgical sites via indirect person-to-person transmission from a 

colonized health care worker (HCW).

Conclusions: The multifactorial nature of the outbreak’s cause highlights the importance of 

overlapping or redundant layers of protection preventing patient harm. Future investigations of 

RGM outbreaks should consider the potential role of colonized HCWs as a transmission vector.
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BACKGROUND

Rapidly growing mycobacteria (RGM) comprise a subset of the non-tuberculosis 

mycobacteria that usually grow within 7 days of subculture into solid media. They 

are widely distributed in the environment and able to survive extreme temperature and 

nutrient deficient environments.1 RGMs can be found in soil, water, hospital environment, 

pharmaceuticals, and contaminated reagents. Some clinically important species of RGM 

include members of the M. fortuitum group and the M. abscessus group, including M. 
chelonae. As pathogens, these organisms are usually associated with lung, skin, and soft 

tissue infections. They are increasingly recognized as causes of post-traumatic and post-

surgical wound infections, and are often associated with surgical implantation of devices, 

such as joint replacement.2-4 Infections caused by members of the M. smegmatis group, 

which includes M. smegmatis and 2 additional species first described in 1999, M. wolinskyi 
and M. goodii,5 are much rarer. Until recently only 21 cases of human infection with M. 
wolinskyi had ever been published and were predominantly associated with surgical wound 

infections, followed by cardiovascular infections.6,7 Exposure to nonsterile water or breach 

in sterile procedures are the usual causes of outbreaks in surgical settings.8 At least 1 

outbreak of post-surgical RGM infections associated with a colonized health care worker 

(HCW) has been reported.9 In that case, the causative agent, a strain of M. wollinskyi, was 

recovered from an outdoor hot tub regularly used by the HCW, a surgeon. Based on the 

identification of the colonized HCW’s hot tub as the outbreak reservoir, the name M. jacuzii 
was proposed for the strain of M. wolinskyi involved.9

Although the number of reported cases of RGM infections remains relatively low, these 

infections appear to be increasing in health care settings globally.10-12 An upsurge 

in complex medical and surgical procedures, the increasing number of vulnerable and 

immunocompromised individuals, as well as enhanced detection could be contributing to the 

observed rise in cases.13 In light of the increasing incidence of RGM infections, we report 

on an outbreak investigation of RGM infections at a Kentucky Hospital during 2013-201414 

to characterize its likely cause as well as results of mitigation efforts after 8 years.

On August 13, 2013, the Kentucky Department for Public Health was notified by a local 

health department of four cases of M. wolinskyi infection at Hospital A. In each of the 

4 cases, M. wolinskyi was isolated from diagnostic specimens collected from patients 
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subsequent to clinical evidence of infection. M. wolinskyi had never before been isolated 

from a patient at Hospital A, and the large national reference laboratory used by the 

hospital for diagnostic testing had only seen 3 other cases in the previous 2 years. All 

cases at Hospital A had under-gone joint replacement surgery at that hospital during 

October-December 2012, 3-8 months prior to isolation of M. wolinskyi, and were patients 

of 1 orthopedic practice. The Health care Associated Infections (HAI) Program of Kentucky 

Department for Public Health launched an epidemiological investigation into the outbreak 

in conjunction with the local health department and the infection control department of 

Hospital A. The objectives of the investigation were to determine the extent of the outbreak, 

identify the source of the infections and the mode of transmission, and to implement 

effective control measures.

METHODS

Case definition

For this investigation, a case was defined as a surgical site infection or other infection 

involving skin, soft tissue, bone, or a joint which was culture positive for any RGM, 

occurring on or after October 1, 2012, in a patient who had joint replacement surgery at 

hospital A during the 12 months before the infection.

Case identification

Case identification efforts included retrospective review of microbiology laboratory records 

and prospective surveillance for new infections. Inpatient and outpatient medical records 

were reviewed for each case-patient to identify any common exposures, such as clinic 

locations, visit dates, and procedures.

Infection control, environmental and laboratory investigation

In September 2013, initial observations of multiple joint replacement procedures at Hospital 

A were conducted by trained HAI evaluators of the investigation team. The purpose of these 

observations was to identify possible sources of exposure to contaminated water or fluids 

in the operating room (OR), as well as to assess compliance with hospital infection control 

policies, and proper aseptic surgical technique by OR personnel.

During the same time frame, environmental samples were collected from surfaces using 

swabs, and bulk samples were collected from water sources, including ice from ice-

machines. Health care worker colonization status was assessed for all staff involved in the 

surgical procedures of the case patients using samples collected from hands with handwipes, 

hair follicles from eyebrows and scalp, and swabs of the nares, pinnae, and scalp.

Environmental samples were submitted to the U.S. Centers for Disease Control and 

Prevention (CDC) for isolation and identification of RGM species. Any acid-fast bacilli 

(AFB) found in environmental samples were presumptively identified using PCR-restriction 

fragment length polymorphism analysis of the heat-shock protein 65 gene and confirmed by 

16s rRNA and rpoB gene sequencing. Preserved clinical isolates were provided to the CDC, 

via the Kentucky State Public Health Laboratory, by the reference laboratory that made the 
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initial identifications. Clinical and environmental isolates were compared using molecular 

typing by pulsed-field gel electrophoresis (PFGE) and by whole genome sequencing (WGS) 

performed by the CDC. Details of the laboratory methods used to isolate and identify RGM 

species are provided in the supplementary appendix.

Case-control study

A case-control study was conducted after the identification of the fifth case, the first of the 

M. goodii cases, in September of 2013, to identify risk factors associated with case status. 

The study included the 5 cases identified by the time of the study and 20 unmatched controls 

randomly selected from among all patient who had joint replacement surgery at Hospital A 

between October 2012 and March 2013. Data for the study were abstracted from subjects’ 

electronic medical records. Unadjusted odds ratios (ORs) and their exact 95% confidence 

intervals were calculated using exact logistic regression for sex, operating room used, day 

and time (morning or afternoon) of surgery, and separately for each of the 68 HCWs present 

in the operating room at any time during any of the case-patient surgeries. Exact logistic 

regression was also used to regress age on case status, with the OR indicating the estimated 

change in the odds of being a case associated with a 1-year increase in age. Data were 

analyzed using STATA 16.0 (College Station).

This activity was reviewed by CDC and was conducted consistent with applicable federal 

law and CDC policy (45 C.F.R. part 46.102(l) (2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 

U.S.C. §552a; 44 U.S.C. §3501 et seq).

RESULTS

In total, 8 cases were identified during this investigation, 5 caused by M. wolinskyi and 

3 caused by M. goodii. During the period October 1, 2012-March 31, 2014, there were 

2,737 joint replacement surgeries (1,634 hips and 1,103 knees) performed at Hospital A, 

indicating an overall attack rate of 0.3%. Table 1 describes the clinical characteristics of 

patients identified with RGM infections. Five of the 8 case patients were female and the 

median age was 65 years (age range: 36-75). Seven cases had total knee replacement surgery 

and one had a hip replacement surgery. The incubation period, defined as the time from 

the date of the initial joint replacement surgery to the date of first RGM-positive specimen 

collection, ranged from 79 to 288 days with a median of 173 days. Seven cases had deep 

incisional or organ/space infections involving the surgical site or the replaced joint, while 

1 case had remote organ/space infection, a lumbar discitis. Five patients required surgical 

revision of their joints as a result of the RGM infections.

Figure 1 shows the timeline of cases identified during the outbreak. All case onset dates 

occurred during January 2013 through March 2014. After the initial notification of the 

outbreak in August 2013, the Kentucky Department for Public Health and local health 

department investigators reviewed case patients’ inpatient and outpatient medical records. 

No common outpatient clinic locations, appointment dates, procedures or other risk factors 

could be identified from the cases’ outpatient medical records. What the cases did have in 

common, in addition to the orthopedic practice, was joint replacement surgery at Hospital A.
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This led the investigation to focus on the hospital’s orthopedic surgery suite operating 

rooms (ORs) and post-anesthesia care unit (PACU). Surgery observations were made, 

and environmental samples were collected from the ORs and PACU in September 2013. 

Observation of several joint replacement procedures failed to identify any sources of 

exposure to non-sterile water or fluid medical products. No lapses in hospital infection 

control policies or of surgical asepsis and no improper surgical techniques were observed. 

All surgical attire was hospital laundered. When asked about the operation of the facility’s 

HVAC system, Hospital A reported that the temperature in the surgery suite was kept 

higher than usual. This was reportedly done to reduce the relative humidity in the ORs and 

maintain it within the desired range. RGMs were cultured from water samples collected 

from operating room scrub sinks, recovery ward ice-machines, and a portable cold-therapy 

unit reservoir, but none contained M. wolinskyi or M. goodii. Species recovered included M. 
sphagni, M. mucogenicum, and M. abscessus.

The case-control study included the first 5 cases identified, the initially identified cluster 

of four M. wolinskyi cases and the first of the M. goodii cases. Cases and controls in the 

case-control study did not differ significantly in terms of age or sex, and no significant 

association was found between case status and operating room, day of surgery or time of 

surgery (Table 2). However, the presence of one non-scrubbed circulating nurse, HCW 1, 

in the operating room was significantly associated with case status. The circulating nurse 

was present in 5 of 5 case procedures and 6 of 20 control procedures (OR: 21.8, P = 

.009)1. Additional observations focusing specifically on HCW 1 were undertaken. HCW 1’s 

surgical dress, scrub and surgical techniques were observed and compared to those of other 

surgical personnel. No differences or deficiencies were noted.

The identification of the sixth case (M. wolinskyi) in January 2014, with a surgery date of 

April 2013, and the observation that HCW 1 was also present during that surgery led to 

the implementation of interim control measures, including exclusion of HCW 1 from the 

operating room. The nurse was temporarily reassigned to administrative duties.

Samples were collected from HCW 1, including from their home and environment. HCW 

1’s hands, nares, ears, scalp and hair samples were cultured for RGM. Environmental 

samples included water from the home shower, washing machine and an outdoor hot tub. 

Swab samples were collected from the shower head, washing machine, hot tub jets and filter 

membrane.

While the HCW 1 samples were being analyzed, the seventh and eighth cases (both M. 
goodii cases) were identified in March of 2014, with surgery dates in October and November 

of 2013 respectively. HCW 1 was not documented to have been in the OR for the seventh 

case patient surgery but was working in the surgical suite on a different case in a different 

OR at the time. HCW 1 was present in the OR during the eighth case patient’s surgery.

All bodily samples collected from HCW 1 were negative for RGM. However, M. wolinskyi 
grew from the hot tub water sample and M. goodii grew from each of 2 swab samples from 

1Median unbiased estimate (MUE) of the odds ratio and its exact p-value reported. CMLE estimate of the odds ratio and the upper 
bound of its 95% CI are undefined because there were no unexposed cases, resulting in a zero cell count.
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the hot tub filter membrane. The four M. wolinskyi clinical isolates available for analysis at 

the time were found to be closely related to the four M. wolinskyi isolates from the hot tub 

water sample by PFGE (Fig 2) and by WGS (Fig 3). While the 2 M. goodii isolates from 

the hot tub filter were found to be closely related to each other (93% similarity), neither was 

found to be related to either of the 2 clinical M. goodii isolates available at the time. The 

clinical M. goodii isolates were found to be possibly related to each other (88% similarity). 

RGM species such as M. wolinskyi and M. goodii have sufficient genetic diversity to make 

PFGE reliable for strain typing of these organisms.15

After the identification of the seventh and eighth cases, additional focused joint replacement 

surgery observations found important lapses in surgical infection control practices that 

had not been recognized previously. Long-sleeved jackets were not consistently worn by 

non-scrubbed OR personnel and head coverings worn by non-scrubbed personnel did not 

consistently cover the nape of the neck. Consequently, excessive amounts of exposed 

skin were observed. There was also significant undocumented movement of surgical 

personnel between ORs during cases. These observed practices were contrary to guidelines 

promulgated by the Association of periOperative Registered Nurses (AORN)16,17 and the 

Association of Surgical Technologists18 at the time.

Based on the investigation findings, Hospital A implemented the following mitigation 

measures. First, the hospital revised its policies to ensure that all AORN guidelines are 

followed. Particularly during joint replacement procedures, the skin of all surgical personnel 

is to be as completely covered as can be achieved, including the wearing of surgical hoods 

and long-sleeved jackets snapped closed with the cuffs down to the wrists for non-scrubbed 

personnel. Administrative steps were also taken to minimize traffic in and out of ORs during 

cases. Second, short-wave ultraviolet (UVC) light bulbs were installed in all air handling 

units servicing surgical or procedural spaces for air-stream disinfection. Finally, pursuant to 

an agreement between Hospital A and HCW1, the implicated hot tub was removed from use 

and eliminated as a possible reservoir for further infection.

After mitigation efforts were implemented, no additional cases were detected. The hospital 

infection control staff continued to perform ongoing surveillance for additional cases and 

no new cases of M. wolinskyi or M. goodii infection have been identified as of September 

2021.

DISCUSSION

We investigated a nosocomial outbreak of RGM infections caused by M. wolinskyi and 

M. goodii among patients who had joint replacement surgery at a Kentucky hospital. We 

believe that this was the largest reported outbreak of M. wolinskyi/M. goodii infections 

in the United States at the time of the investigation. No evidence of environmental 

contamination with the specific outbreak organisms was found in the hospital. The case-

control study indicated that the presence of a particular surgical HCW in the OR was 

significantly associated with infections. Based on this finding, we conducted environmental 

sampling of the HCW’s home and identified an outdoor hot tub at the HCW’s home as 

the possible source of M. wolinskyi. These results were confirmed by PFGE and WGS 
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analyses comparing clinical and environmental mycobacterial isolates. We hypothesize that 

the HCW’s use of the hot tub led to transient skin colonization. The HCW reported using 

the hot tub predominantly in cooler months which coincides with case dates ranging from 

January to March. The hot tub use and laboratory findings suggest a likely explanation for 

where the pathogens originated, and the challenge became how to identify the mode of 

transmission from the HCW to patients in operating room suites. Focused infection control 

rounds were conducted in the operating room suites that led to the identification of infection 

prevention and control breaches. Infection prevention and control breaches included: 

frequent movement throughout the space by health care workers, doors to operating rooms 

left open, and bare skin exposed among non-scrubbed personnel. We hypothesize that 

the higher than usual temperature maintained in the ORs to control relative humidity 

discouraged non-scrubbed personnel from wearing their long-sleeved jackets snapped closed 

with the cuffs down to the wrists.

It has been reported that people can shed more than 107 skin squames as they move about 

and the squames are light enough to travel on air currents.19 Current AORN guidelines 

state that “doors to the operative or invasive procedure room should be kept closed as 

much as possible except during the entry and exit of patients, required personnel, and 

necessary equipment,” since frequent door opening of an operating room suite by personnel 

can contribute to air contamination and increase the risk for a surgical site infection.19 

The combination of these breaches and a HCW transiently colonized with M. wolinskyi 
shedding skin squames suggests a possible chain-of-infection pathway. The laboratory data, 

demonstrating a close relationship between the cases and the HCW’s hot tub samples further 

supports this conclusion.

Based on the investigation findings, Hospital A revised its policies, mandating that all 

AORN guidelines relating to surgical attire that were in place at the time be followed. 

However, in the years following the outbreak described here, the thinking around surgical 

attire for non-scrubbed personnel has evolved. The 2020 revisions to the AORN Guidelines 

for Perioperative Practices no longer include the recommendation that long sleeves be 

worn in the restricted and semi-restricted areas, except during patient skin antisepsis.20 

This change was based on recent research suggesting that surgical attire—such as the 

use of long sleeves by non-scrubbed personnel and specific types of head coverings—is 

not associated with the risk of surgical site infection.21-26 Indeed, the idea that covering 

exposed skin with long-sleeved surgical attire can contain contaminated skin squames and 

thereby prevent surgical site infections has recently been called “archaic.”22,26 However, 

our finding that a cluster of surgical site infections was likely due to contamination from 

an intermittently colonized circulating nurse in the OR highlights the potential role of 

skin squames as a source for surgical site infection. Preventing such infections deserves 

continued attention and research, particularly for procedures involving implants—such as 

joint prostheses—which “have the greatest potential for wound infection, and the most 

significant consequences, from intraoperative airborne particle settling.”27,28

The multifactorial nature of the cause of this outbreak highlights the importance of a 

systems approach to infection prevention and control and patient safety. A systems approach 

emphasizes the use of multiple overlapping or redundant layers of protection in conjunction 

Groenewold et al. Page 7

Am J Infect Control. Author manuscript; available in PMC 2023 April 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to prevent harm to patients.29 For an outbreak to occur, multiple gaps in the layers of 

patient protection must align, resulting in infections. The gaps in this outbreak included 

improper attire being allowed in the ORs, possibly due to inappropriate temperature and 

humidity control, frequent movement throughout the space by health care workers, and 

doors to ORs being left open. The alignment of these gaps could have allowed contaminated 

skin squames shed from a colonized HCW to travel on air currents and infect patients, 

potentially including 1 patient in a different OR from the one where the colonized HCW was 

documented to be working.2 The systems approach to patient safety seeks to minimize the 

number and size of gaps in the layer of patient protection, making it less likely that they will 

align and cause patient harm.

In response to the findings of this investigation, hospital policies were revised to correct the 

infection control lapses which led to the infections. Implementation of these measures was 

aimed at reducing the risk of surgical site infections not only from those microorganisms 

that caused the current outbreak, but also from other microorganisms, that might be present 

on any HCW’s skin. The source of the M. goodii infections is not as clear as that of the M. 
wolinskyi infections, given that the organisms from the clinical samples were not found to 

be related to those from the environmental sample taken from HCW1’s hot tub. However, 

the growth of M. goodii from the same hot tub that was the reservoir for the M. wolinskyi 
infections is suggestive. In any case, rectification of the identified deficiencies in basic 

infection prevention and control practices was expected to mitigate that risk as well.

In addition to the need for the kind of primary prevention exemplified by the implementation 

of and strict adherence to established infection control measures, this outbreak also 

highlights the importance of secondary prevention measures in the form of early recognition, 

reporting and investigation of suspected nosocomial outbreaks. A combination of effective 

infection surveillance, prompt cluster reporting to public health authorities, and a thorough 

investigation comprising coordinated epidemiological, environmental, and laboratory 

elements resulted in the identification of a specific point source and likely transmission route 

for this outbreak. These findings resulted in the outbreak being interrupted by the application 

of interim control measures and then permanently resolved by the implementation of 

ongoing mitigation measures. This response depended for its success on close and effective 

collaboration among Hospital A, the local and state health departments, and the CDC.

This outbreak also represents at least the second documented instance of person-to-person 

nosocomial transmission of M. wolinskyi from a colonized HCW to a patient, the first 

being the 2003 outbreak reported by Rahav et al9 The remarkable similarities between 

the outbreaks—infection after surgeries involving device implantation, transmission by a 

colonized surgical HCW vector, and an outdoor hot tub reservoir—highlight the importance 

of considering this mechanism in the investigation of future outbreaks. An important 

difference—one involving an operating surgeon, the other involving a non-scrubbed 

2This could have occurred due to HCW1’s undocumented presence in that OR or due to contamination from the corridor, given the 
observation that OR doors were often left open, which could reduce the effectiveness of positive pressure, 30 and that undocumented 
movement of surgical personnel between ORs frequently occurred.
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circulating nurse—suggests that direct patient contact or presence in the sterile field is not 

necessary for such transmission to occur.

CONCLUSION

This report describes the investigation of one of the largest outbreaks of surgical site 

infections due to RGMs in the United States. Future outbreak investigations of RGMs 

should always consider the potentially important role of colonized HCWs as a vector of 

transmission. Nonetheless, an outbreak of this nature often indicates breaches in infection 

control practices at multiple levels, which in this case may have led to an uninterrupted 

chain of infection from a HCW’s hot tub to surgical sites. As RGM infections are increasing 

globally, this report highlights the importance of strict adherence to the recommended 

practices for prevention of transmissible infections.

APPENDIX

Laboratory Methods for Isolation and Identification of RGM in 

Environmental Samples and Clinical Isolates

Isolation from environmental samples

Swabs: Swab heads were broken off and placed into Middlebrook 7H9 broth, mixed 

well with a vortex, and incubated at 30°C overnight. Broth demonstrating growth/ showing 

turbidity were plated (100 μL) on to TSA II with 5% Sheep’s Blood or Middlebrook and 

Cohn 7H10 with OADC, incubated overnight at 30°C, and examined for growth.

Water: Three approaches were used to process the water samples due to on-going 

developments within the outbreak to improve isolation of M. wolinskyi: (A) The initial 

batch of 7 water samples were processed by membrane filtration in 10 mL, 100 mL, and 

250 mL aliquots and filtered through a 0.45 μm gridded filter, in addition to 100 μL aliquots 

being plated. All samples were placed on to Middlebrook and Cohn 7H10 with OADC 

and incubated at 30°C overnight. (B) The next 2 samples were treated for 30 minutes 

with 0.005% cetylpyridium chloride to reduce background organisms prior to filtration (10 

mL aliquots) and being plated (100 μL). (C) The final 3 water samples were assayed for 

detection of M. wolinskyi: 10 mL, 100 mL, and remaining volumes of approximately 250 

mL aliquots were filtered through 0.45 μm gridded filters, placed on Middlebrook and Cohn 

7H10 with OADC, and incubated at 30°C overnight.

Hand samples: Hand samples collected with commercial hand cleaning wipes were 

placed in Phosphate Buffered Saline with 0.02% Tween 80 (90 mL), homogenized at 

260 rpm for 1 minute in a stomacher, concentrated by centrifugation (2700 xg, 20 min), 

plated (100 μL), and incubated at 30°C overnight. The remaining sample was added to 

Middlebrook 7H9 broth and incubated at 30°C overnight. Broth demonstrating growth/ 

showing turbidity were plated (100 μL) on Middlebrook and Cohn 7H10 with OADC and 

incubated at 30°C overnight.
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Hair samples: Hair samples were placed in Middlebrook 7H9 broth (5 mL) and incubated 

at 30°C overnight. Broth demonstrating growth/ showing turbidity were plated (100 μL) on 

Middlebrook and Cohn 7H10 with OADC and incubated at 30°C overnight.

Species identification

Suspect isolates were stained using the Kinyoun acid-fast staining method. Positive Acid-

Fast bacteria were identified using PCR-restriction fragment length polymorphism analysis 

(PRA) to presumptively identify as M. wolinskyi1. The hsp65 gene was amplified by PCR 

of cell-free lysates, and the presence of its 440bp amplification product was verified by gel 

electrophoresis (1% agarose gel, 80V for 70 minutes). Two aliquots of the product were 

digested with either BstEIII or HaeII restriction enzymes. The digests were then run on 

a 3% agarose gel at 70V for 3 hours. The base pair size of each band was estimated by 

comparison with a Low Molecular Weight Ladder (NE Biolabs). PRA was performed by 

entering fragment size data into “PRA Site,” a web-based analysis tool. 16s rRNA and rpoB 

gene sequencing was used to confirm ID of M. wolinskyi.

Pulsed-Field Gel Electrophoresis: Molecular typing was performed by pulsed-

field electrophoresis (PFGE). Molecular chromosomal DNA was prepared as described 

previously2,3 with the following modifications: the DNA plugs from the M. wolinskyi 
isolates were digested with the restriction endonucleases AseI and XbaI; restriction 

fragments were separated with CHEF Mapper XA Pulsed Field Electrophoresis System 

(Bio-Rad Laboratories). 50 mM thiourea was added to the running buffer. PFGE running 

conditions were initial switch time of 3 seconds and final switch of 20 seconds with total 

run time of 20 hours. Salmonella serotype Braenderup (H9812 strain) was used as the 

universal standard. The genetic relatedness of the isolates was analyzed by BioNumerics 

software (Applied Maths). Similarity of PFGE patterns was based upon Dice coefficients 

and a dendrogram was built using the unweighted-pairing group method. The Tenover 

criteria4 were used to interpret the comparison of the patient isolate PFGE patterns; patterns 

were classified as indistinguishable (100% similarity), closely related (1-3 bands difference), 

possibly related (4-6 band difference) or unrelated (>7 band difference).

Whole Genome Sequencing and Analysis: Colonies from the confirmed M. 
wolinskyi cultures were suspended in sterile DI water and boiled for 10 minutes, followed 

by DNA extraction with a Maxwell automated extractor (Promega). DNA was sequenced 

using the Illumina MiSeq using 2 × 250 reads, producting ~2.2 million reads per isolate. 

DNA library preparation was performed by the CDC Biotechnology Core Facility. Contigs 

were generated from those reads and subsequently joined into scaffolds. SNP discovery was 

based on k-mer analysis, using kSNP v25, and required no selection of a single reference 

genome. SNP matrices were created from all the SNPs and used for building maximum 

likelihood trees.
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Fig 1. 
Cases of rapidly-growing mycobacteria infections at hospital A by date of diagnosis and 

species—Kentucky, November 2012-May 2014.
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Fig 2. 
PFGE Dendrogram of AseI (A) and XbaI (B) restriction digests of M. wolinskyi isolates* 

from an outbreak of rapidly-growing mycobacteria infections at a Kentucky hospital. 

*Includes four clinical isolates from 4 outbreak case-patients and 4 environmental isolates 

grown from a bulk water sample collected from a hot tub, plus 2 controls.
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Fig 3. 
Unrooted single-nucleotide polymorphism (SNP) matrix alignment tree and differences 

(upper right corner) and average SNPs per sequence length* (lower left corner) for M. 
wolinskyi isolates† from an outbreak of rapidly-growing mycobacteria infections at a 

Kentucky hospital. *Scale bar represents average SNPs per sequence length. †Includes four 

clinical isolates from four outbreak case-patients and four environmental isolates grown 

from a bulk water sample collected from a hot tub, plus 2 controls.
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Table 1

Selected clinical characteristics of case-patients

Characteristic No. (%)

Female 5 (63)

Median age, y (range) 65 (36-71)

Procedure

 Total knee replacement 7 (88)

 Hip replacement 1 (12)

Median incubation period, days (range) 173 (79-288)

Infection site

 Surgical site infection 7 (88)

 Remote (discitis) 1 (12)

Organism

 M. wolinskyi 5 (63)

 M. goodii 3 (37)

Required revision of joint 5 (63)
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Table 2

Case-control study results

Characteristic Cases no. (%) Controls no. (%) OR* (95% CI)

Age (mean, yrs) 59 64 0.95 (0.84-1.05)
†

Sex

 Female 3 (60) 14 (70) Ref

 Male 2 (40) 6 (30) 1.5 (0.1-17.4)

Procedure

 Total Knee Replacement 4 (80) 17 (85) Ref

 Hip Replacement 1 (20) 3 (15) 1.4 (0.2-2.4)

Operating Room

 A 1 (20) 9 (45) Ref

 B 2 (40) 3 (15) 4.6 (0.2-353.0)

 C 2 (40) 4 (20) 3.6 (0.1-264.8)

 D 0 (0) 4 (20) 1.8 (0.0-70.2)

Day of Surgery

 Monday 2 (40) 5 (25) 1.6 (0.1-28.3)

 Tuesday 2 (40) 8 (40) Ref

 Wednesday 0 (0) 3 (15) 1.3 (0.0-19.7)

 Thursday 1 (20) 4 (20) 1.0 (0.0-25.3)

Time of Surgery

 AM 3 (60) 11 (55) Ref

 PM 2 (40) 9 (45) 0.8 (0.1-8.9)

Abbreviations: OR = Odds Ratio; CI = Confidence Interval.

*
Conditional Maximum Likelihood Estimate of the Odds Ratio.

†
OR indicates the estimated change in the odds of being a case associated with a 1-year increase in age.
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