MINIREVIEW

Methylobacterium and Its Role in Health Care-Associated Infection
Julia Kovaleva,a John E. Degener,a Henny C. van der Meib
Department of Medical Microbiology and Infection Control, University of Groningen, University Medical Center Groningen, Groningen, The Netherlandsa; Department of
Biomedical Engineering, University of Groningen, University Medical Center Groningen, Groningen, The Netherlandsb

M

ethylobacterium species are fastidious, Gram-negative bacilli
which have been reported to be opportunistic pathogens in
immunocompromised patients. These species form pink-pigmented colonies on agar plates and have been frequently isolated
from tap water in hospitals. The ability to form biofilms and to
develop tolerance to disinfecting agents, high temperatures, and
drying may explain the frequent occurrence and colonization of
Methylobacterium in the hospital environment. Here we review
the microbiology and health care-associated relevance of this
slow-growing bacterium with particular attention to biofilm formation in medical devices and transmission of Methylobacterium
during endoscopic procedures.

MICROBIOLOGY, LABORATORY IDENTIFICATION, AND
ANTIBIOTIC SUSCEPTIBILITY

The genus Methylobacterium, of the family Methylobacteriaceae
(class Alphaproteobacteria), was described as a new genus of facultative methylotrophic bacteria by Patt et al. in 1976 (1). This
genus, including the first Methylobacterium organophilum and 3
species from the Pseudomonas genus (e.g., Pseudomonas mesophilica, Pseudomonas radiora, and Pseudomonas rhodos), currently
consists of 49 different species (http://www.bacterio.net/methylo
bacterium.html; last accessed 20 December 2013). Methylobacterium spp. are commonly isolated from various natural environments (i.e., leaf surfaces, soil, dust, and fresh water) (2, 3).
Methylobacterium spp. are strictly aerobic, facultatively methylotrophic, fastidious, slow-growing bacteria. They form small (1
to 2 mm in diameter), pink-pigmented colonies on ordinary solid
media such as tripticase soy agar, sheep blood agar, nutrient agar,
and Mueller-Hinton agar and on plate count agar and R2A agar,
two media used for plate count analysis in drinking water (4).
Optimum growth occurs between 25 and 30°C after 5 to 7 days of
incubation, with moderate growth at 35°C and no growth at 42°C
(4–6). The best growth was observed on Sabouraud dextrose agar
and buffered charcoal yeast extract agar. The species grow as
Gram-negative or gram-variable, pleomorphic, non-spore-forming, vacuolated, rod-shaped cells and have one polar flagellum (2).
Methylobacterium spp. are nonfermenting, ␤-galactosidase- and
nitrate reductase-negative, and trypsin- and urease-positive bacteria and are resistant to desferrioxamine (7). These biochemical
tests are helpful to differentiate methylobacteria from other aerobically growing Gram-negative bacteria which form pink-pigmented colonies on blood agar (i.e., Serratia, Azospirillum, Ro-
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seomonas, and Asaia). Methylobacterium spp. were reported to be
catalase and oxidase positive (1) but were oxidase negative in tests
with the dimethyl-paraphenylenediamine reagent (2).
Identification of Methylobacterium is performed using commercially available manual-identification test strips (8, 9). However, determination to the species level by these systems can be
difficult. 16S rRNA gene sequence analysis can differentiate
Methylobacterium isolates to the species level with pairwise similarity of 16S rRNA gene sequences of between 97% and 99.6% (10,
11). Recent developments in mass spectrometry (MS) have shed
light on rapid and precise identification of Methylobacterium spp.
Tani et al. (10) applied the whole-cell matrix-assisted laser desorption ionization–time of flight (MALDI) mass spectrometry (WCMS) technique to identify Methylobacterium spp. collected from
plant samples. A total of 213 Methylobacterium isolates were analyzed with WC-MS using MALDI Biotyper software (Bruker Daltonics), and this identification was confirmed by 16S rRNA gene
sequencing. The WC-MS technique demonstrated high effectiveness in the identification of known and novel species of Methylobacterium.
Methylobacterium spp. are susceptible to amikacin, gentamicin, ciprofloxacin, and trimethoprim-sulfamethoxazole and have
various levels of susceptibility to the ␤-lactam antibiotics (due to
␤-lactamase production), with high sensitivity to ceftriaxone,
ceftizoxime, and imipenem (6, 8, 12). Discordant carbapenem
susceptibilities, with high sensitivity to imipenem (MIC ⫽ 0.25 to
1 mg/liter) and resistance to meropenem (MIC ⬎ 32 mg/liter),
seem to be a distinctive feature of Methylobacterium spp. (13).
HEALTH CARE-ASSOCIATED TRANSMISSION OF
METHYLOBACTERIUM

Members of the genus Methylobacterium are major inhabitants of
aqueous environments, including potable water supplies and hospital tap water (4). Transmission of Methylobacterium spp. in the
hospital environment has been related to contaminated tap water.
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Methylobacterium species are a cause of health care-associated infection, including infections in immunocompromised hosts.
The ability of Methylobacterium species to form biofilms and to develop resistance to high temperatures, drying, and disinfecting agents may explain the colonization of Methylobacterium in the hospital environment in, e.g., endoscopes. Due to its slow
growth, it can be easily missed during microbiological surveillance of endoscope reprocessing. The purpose of this minireview is
to present an overview of documented infections and cross-contaminations with Methylobacterium related to endoscopic procedures and to illustrate the health care-associated relevance of this slow-growing bacterium.

Minireview

ENDOSCOPE REPROCESSING AND METHYLOBACTERIUM
TRANSMISSION RELATED TO ENDOSCOPIC PROCEDURES

Contaminated endoscopes are medical devices frequently associated with outbreaks of health care-associated infections (19, 23).
These instruments are difficult to disinfect and easy to damage
because of their complex design with multiple internal channels
and narrow lumina. Most flexible endoscopes belong to semicritical devices which come into contact with mucous membranes
during use and may be either sterilized or disinfected. Flexible
endoscopes for therapeutic procedures (i.e., bronchoscopy and
gastrointestinal endoscopic procedures) used in sterile body cavities are classified as critical devices and require sterilization after
each procedure. Due to their material composition, most flexible
endoscopes cannot be steam sterilized but tolerate ethylene oxide
and hydrogen peroxide plasma sterilization.
Accurate reprocessing of flexible endoscopes involves cleaning
and high-level disinfection followed by rinsing with bacterium-
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free water and drying before storage (19). Glutaraldehyde and
peracetic acid are disinfecting agents frequently used for decontamination of flexible endoscopes. They are active against viruses,
fungi, mycobacteria, and all vegetative bacteria, including Methylobacterium. However, resistance of M. mesophilicum to 2% glutaraldehyde has been reported (24). A recent study demonstrated
high efficacy of 1% peracetic acid against M. extorquens in the
planktonic state, but the disinfectant was less efficient in biofilms
(18).
According to Furuhata and Koike (25), 70% (70/100) of examined samples from chlorinated drinking water were positive for
Methylobacterium spp. and 25% to 93% of methylobacterial
strains isolated from tap water were highly resistant to chlorine
and survived contact at 0.1 mg/liter concentration of free residual
chlorine for 5 min (11, 25).
Accurate endoscope drying is crucial, whereas a humid environment facilitates microbial growth during storage (19). The
final drying steps greatly reduce the risk posed by remaining
pathogens, as well as the possibility of recontamination of the
endoscope by waterborne microorganisms such as Pseudomonas
spp., Acinetobacter spp., and Methylobacterium spp. (19, 23).
Members of the genus Methylobacterium have been reported to be
highly resistant to dehydration and high temperatures (18).
Hence, they can survive in endoscope channels during inadequate
or insufficient drying, resulting in recontamination of endoscopes.
Methylobacterium outbreaks after endoscopic procedures have
been related to contaminated tap water (6, 24), AERs containing
biofilm (16), and contaminated endoscope channels (17, 18).
Cross-contaminations with Methylobacterium in 7 patients
during bronchoscopy have, despite the usual disinfection procedure, been related to contamination by tap water of endoscope
channels (6). Growth of pink-pigmented bacteria, later identified
as M. mesophilicum, was observed in mycological surveillance cultures of samples obtained from a bronchoscope which was used
for a diagnostic procedure in a patient with an atypical pneumonia. Growth of Methylobacterium was discovered as a consequence
of the extended incubation time for fungal culture. In the next 3
months, M. mesophilicum was isolated from 6 other patients after
bronchoscopy. Cultures obtained from bronchoscopes, biopsy
forceps, AERs, tubing, glutaraldehyde disinfectant, and environmental samples from the bronchoscopy unit were negative for this
bacterium. M. mesophilicum was isolated from tap water collected
from the sink faucet in the bronchoscopy room. It was considered
a colonizer because none of the patients developed a postbronchoscopy infection from this organism.
Cross-contaminations with bronchoscopy-associated Methylobacterium in 18 patients have been documented by Kressel and
Kidd (16). M. mesophilicum and Mycobacterium chelonae were
isolated from deep respiratory specimens obtained from ventilated patients during bronchoscopy. None of the patients manifested postendoscopic infection with this bacterium. M. mesophilicum grew in the cultures obtained from AERs and from 2%
glutaraldehyde used during the automated disinfection procedure
and did not grow from bronchoscopes, tap water, or unopened
glutaraldehyde containers or from the containers used for collecting the clinical samples. The presence of M. mesophilicum biofilm
on the tubing from one of the AERs was confirmed. Contaminated
endoscope disinfectors were replaced by new AERs that use peracetic acid instead of glutaraldehyde for disinfection procedures.
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These species have also been isolated from water in dental and
blood bank purification units (14, 15) and from endoscopes and
automated endoscope reprocessors (AERs), which are probably
contaminated by the use of nonsterile water for rinsing (16–18).
High resistance to dehydration, chlorination, and elevated temperatures and slow growth and the ability to form biofilms can
explain the frequent occurrence and colonization of Methylobacterium in the hospital environment (12, 18, 19). Since methylobacteria have been isolated from tap water in hospital units, Hornei et al. (5) suggested monitoring water for the occurrence of
methylobacteria in hospital units in which immunocompromised
patients are admitted.
Despite low virulence, Methylobacterium is able to cause colonization and infections in immunocompromised patients (3, 8).
Methylobacterium mesophilicum, Methylobacterium zatmanii, and
Methylobacterium extorquens are the three most commonly reported species isolated from normally sterile body sites, i.e., blood,
liquor cerebrospinalis, bone marrow, synovia, and ascitic and
peritoneal fluids (3, 5). An underlying state of immunosuppression, including that corresponding to solid or hematologic malignancy, organ transplant, renal failure, HIV infection, tuberculosis,
or alcoholism, may predispose subjects to a systemic infection
caused by methylobacteria (3, 8). In general, Methylobacterium
spp. cause mild clinical symptoms, such as fever, but severe infections, including bloodstream infections, peritonitis, and pneumonia, have also been reported (3, 8). Central catheter infections are
the most common portal of infection in these situations.
Most reported Methylobacterium infections have been nosocomial. Two cases of bloodstream infections due to M. mesophilica
were attributed to tap water used for oral irrigation for patients
with mucositis as a complication after bone marrow transplantation (20). Contaminated preservative fluid used for bone marrow
harvesting was a possible source of Methylobacterium bacteremia
in a patient receiving hematopoietic stem cell transplantation
(21). A patient receiving continuous ambulatory peritoneal dialysis developed recurrent peritonitis due to M. mesophilicum,
which was also isolated from contaminated stagnant water in the
bathroom (22). Several Methylobacterium infections in immunocompromised patients have been associated with environmental
exposure (ingestion of raw vegetables, gardening, swimming in a
river, and exposure to soil, leaves, and flowers) (3) just before
development of infection.
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IMPACT OF BIOFILM FORMATION BY METHYLOBACTERIUM

A biofilm is an assemblage of microbial cells that is attached to a
surface and enclosed in a matrix of exopolymeric substances (26).
Biofilms may form on different surfaces, including medical devices, water supply systems, or endoscope channels (16, 18, 26).
They are extremely difficult to remove and allow microorganisms
to survive under conditions of drying and chemical and antibiotic
exposure. Settlement of biofilm-producing species inside endoscope channels can result in failure of the endoscope reprocessing
and is an important factor in the pathogenesis of endoscopy-related infections (19, 23). The reduced sensitivity of bacteria to
disinfectants within a biofilm can be explained by poor penetration of a disinfectant into the underlying cells, chemical interaction between the biofilm itself and the disinfectant, and the low
growth rate and nutrient limitation of microorganisms in biofilms
(27).
The presence of biofilm on the tubing from one of the AERs
with growth of M. mesophilicum was the source of an outbreak
described in patients following bronchoscopy (16). Also, biofilm
formation inside endoscope channels was suspected to be the
cause of repeated cross-contaminations of flexible bronchoscopes
with M. extorquens at the UMCG (18). Mimicking biofilm formation in an in vitro study, M. extorquens isolated from a contaminated bronchoscope was tested in 96-well microtiter plates (18).
In this model, the effects of the 1% peracetic acid disinfectant (10
min incubation at 25°C) without and with the additional drying (2
h at 50°C followed by 7 days drying at room temperature) on M.
extorquens biofilm formation were studied to imitate the procedures used for reprocessing of flexible endoscopes.
M. extorquens had a strong biofilm-producing ability, with the
highest biofilm amount and the maximum metabolic activity after
7 days incubation in R2A broth (18). The use of 1% peracetic acid
disinfectant caused a marked inhibition of M. extorquens growth
in 2-, 5-, and 7-day biofilms directly after treatment. Regrowth of
M. extorquens biofilms occurred following 7 days of incubation
with R2A broth directly after the disinfection procedure. Regrowth of M. extorquens biofilms was observed in wells after disinfection when the drying procedure was skipped. No biofilm
regrowth was observed after a drying procedure. This study demonstrated insufficient efficacy of the peracetic acid against M. extorquens biofilms and high efficacy of the drying procedure after
the disinfection step against Methylobacterium in biofilms.
According to the literature, Methylobacterium has a strong biofilm-producing ability (28–30). Simões et al. (29) tested the effects
of sodium hypochlorite (liquid bleach) on the activity and culturability of Methylobacterium biofilms. Methylobacterium biofilms
recovered their mass, activity, and culturability after 1 h of treatment with 0.01% sodium hypochlorite; a concentration of only
0.1% completely inactivated this bacterium in biofilms after 1 h of
incubation. Methylobacterium in biofilms survived after contact
with other cleaning agents, including 1% benzalkonium chloride
for 24 h (28). The strains demonstrated a high tolerance to drying.
Ten days after drying, the reduction in the survival of Methylobacterium was less than 1 log. Some strains of Methylobacterium in
biofilms survived and exhibited a potential to grow after 4 weeks
of desiccation without any nutrients.
CONCLUSION

Methylobacterium spp. are fastidious microorganisms that have
been described as a cause of cross-contaminations related to en-
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Nosocomial M. mesophilicum transmission was related to contaminated 2% glutaraldehyde solution used to manually disinfect
the bronchoscopes (24). Environmental cultures from the AER,
bronchoscopes, gastroscopes, and brushes were positive for this
pink-pigment-forming bacterium. The procedure of reprocessing
endoscopes was investigated and showed no shortcomings in
technique. Endoscopes were sent for ethylene oxide sterilization,
but M. mesophilicum from endoscope channels was identified
again 2 months later. The water supply was assumed to be the
source of contamination, and a submicron filter was installed to
get filtered tap water for rinsing of endoscopes after cleaning and
disinfection procedures. After disinfection and sterilization of the
reprocessing equipment, subsequent cultures were negative for 4
months. M. mesophilicum caused no infections in patients after
endoscopic procedures with contaminated bronchoscopes.
Repeated contaminations of flexible bronchoscopes with
Methylobacterium spp. have been detected at the University Medical Center Groningen (UMCG), Groningen, The Netherlands
(18). Growth of the bacterium, later identified as M. extorquens,
was accidentally observed on Sabouraud dextrose agar used for
culturing of surveillance samples from endoscopes. Because of the
slow growth and unclear significance of this bacterium, it was
necessary to prolong the incubation time for 7 days to recover
these bacteria from the surveillance samples. Cultures were positive for Methylobacterium from 2009 to 2011 from endoscope
channels, particularly from bronchoscopes. Methylobacterium
was also isolated from bronchoalveolar lavage fluid samples from
the patients after bronchoscopy. We considered Methylobacterium to be a contaminating nonpathogen causing the colonization, because no patient manifested true infection with this bacterium. The procedures of endoscope reprocessing revealed no
recurrence. Environmental cultures from the endoscopy unit, including AERs and rinsing water, were negative for Methylobacterium. Biofilm formation inside bronchoscope channels was suspected. Strains of M. extorquens isolated from the contaminated
flexible bronchoscope were investigated for the ability to form
biofilms, and the effects of peracetic acid disinfection and drying
on M. extorquens biofilm formation were studied (see the section
discussing the impact of biofilm formation by Methylobacterium
below).
To date, only one case of Methylobacterium bacteremia in a
patient following endoscopy has been published (17). A 77-yearold patient with biliary lithiasis underwent a biliary sphincterotomy and implantation of a prosthesis in the biliary tract via endoscopic retrograde cholangiopancreatography. The prosthesis was
removed by means of an endoscopic procedure 10 days later. The
next day, the patient developed fever, and after 5 days, bacterial
growth was detected in one aerobic blood culture bottle. M. mesophilicum was isolated from a positive blood culture, and the determination was confirmed by 16S rRNA gene sequencing. The
procedures of peracetic-acid-based decontamination and endoscope washer maintenance appeared to be effective because no
recurrence of Methylobacterium was seen. Water samples obtained
for culture from the tap water points in the endoscopy room and
from the AER, before and after rinsing, were negative. The inner
endoscope channels were found to be the source of contamination
with M. mesophilicum. The endoscope was sent to the manufacturer for replacement of the inner channel sheath.
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doscopes and reprocessing equipment and have been reported as a
cause of infections in immunocompromised patients. Due to its
slow growth, the bacterium can be easily missed during surveillance of endoscope reprocessing. The ability to form biofilms and
to exhibit tolerance to cleaning and disinfecting agents and to high
temperatures and drying is probably the cause of their predominance in the hospital environment, particularly in tap water and
endoscope channels.

14.
15.

16.

REFERENCES

1320

jcm.asm.org

17.
18.
19.

20.
21.

22.
23.

24.
25.
26.
27.
28.
29.

30.

Journal of Clinical Microbiology

Downloaded from http://jcm.asm.org/ on May 14, 2021 by guest

1. Patt TE, Cole GC, Hanson RS. 1976. Methylobacterium, a new genus of
facultatively methylotrophic bacteria. Int. J. Syst. Bacteriol. 26:226 –229.
http://dx.doi.org/10.1099/00207713-26-2-226.
2. Vaneechoutte M, Dijkshoorn L, Nemec A, Kämpfer P, Wauters G.
2011. Acinetobacter, Chryseobacterium, Moraxella, and other nonfermentative Gram-negative rods, p 729 –731. In Versalovic J, Carroll KC, Jorgensen JH, Funke G, Landry ML, Warnock DW (ed), Manual of clinical
microbiology10th ed, vol 1. ASM Press, Washington, DC.
3. Sanders JW, Martin JW, Hooke M, Hooke J. 2000. Methylobacterium
mesophilicum infection: case report and literature review of an unusual
opportunistic pathogen. Clin. Infect. Dis. 30:936 –938. http://dx.doi.org
/10.1086/313815.
4. Rice EW, Reasoner DJ, Johnson CH, DeMaria LA. 2000. Monitoring for
methylobacteria in water systems. J. Clin. Microbiol. 38:4296 – 4297.
5. Hornei B, Lüneberg E, Schmidt-Rotte H, Maass M, Weber K, Heits F,
Frosch M, Solbach W. 1999. Systemic infection of an immunocompromised patient with Methylobacterium zatmanii. J. Clin. Microbiol. 37:
248 –250.
6. Flournoy DJ, Petrone RL, Voth DW. 1992. A pseudo-outbreak of Methylobacterium mesophilica isolated from patients undergoing bronchoscopy.
Eur. J. Clin. Microbiol. Infect. Dis. 11:240 –243. http://dx.doi.org/10.1007
/BF02098087.
7. Vaneechoutte M, Wauters G. 2011. Approaches to the identification of
aerobic Gram-negative bacteria, p 544 –549. In Versalovic J, Carroll KC,
Jorgensen JH, Funke G, Landry ML, Warnock DW (ed), Manual of Clinical Microbiology10th ed, vol 1. ASM Press, Washington, DC.
8. Lai CC, Cheng A, Liu WL, Tan CK, Huang YT, Chung KP, Lee MR,
Hsueh PR. 2011. Infections caused by unusual Methylobacterium species. J. Clin. Microbiol. 49:3329 –3331. http://dx.doi.org/10.1128/JCM
.01241-11.
9. Funke G, Monnet D, deBernardis C, von Graevenitz A, Freney J. 1998.
Evaluation of the VITEK 2 system for rapid identification of medically
relevant gram-negative rods. J. Clin. Microbiol. 36:1948 –1952.
10. Tani A, Sahin N, Matsuyama Y, Enomoto T, Nishimura N, Yokota A,
Kimbara K. 2012. High-throughput identification and screening of novel
Methylobacterium species using whole-cell MALDI-TOF/MS analysis.
PLoS One 7:e40784. http://dx.doi.org/10.1371/journal.pone.0040784.
11. Hiraishi A, Furuhata K, Matsumoto A, Koike KA, Fukuyama M, Tabuchi K. 1995. Phenotypic and genetic diversity of chlorine-resistant
Methylobacterium strains isolated from various environments. Appl. Environ. Microbiol. 61:2099 –2107.
12. Furuhata K, Kato Y, Goto K, Hara M, Yoshida S, Fukuyama M. 2006.
Isolation and identification of Methylobacterium species from the tap water in hospitals in Japan and their antibiotic susceptibility. Microbiol. Immunol. 50:11–17. http://dx.doi.org/10.1111/j.1348-0421.2006.tb03765.x.
13. Zaharatos GJ, Dascal A, Miller MA. 2001. Discordant carbapenem susceptibility in Methylobacterium species and its application as a method for

phenotypic identification. J. Clin. Microbiol. 39:2037–2038. http://dx.doi
.org/10.1128/JCM.39.5.2037-2038.2001.
Barbeau J, Tanguay R, Faucher E, Avezard C, Trudel L, Cote L, Prevost
P. 1996. Multiparametric analysis of waterline contamination in dental
units. Appl. Environ. Microbiol. 62:3954 –3959.
O’Brien JR, Murphy JM. 1993. Identification and growth characteristics
of pink pigmented oxidative bacteria, Methylobacterium mesophilicum
and biovars isolated from chlorinated and raw water supplies. Microbios
73:215–227.
Kressel AB, Kidd F. 2001. Pseudo-outbreak of Mycobacterium chelonae
and Methylobacterium mesophilicum caused by contamination of an automated endoscopy washer. Infect. Control Hosp. Epidemiol. 22:414 – 418.
http://dx.doi.org/10.1086/501926.
Imbert G, Seccia Y, La Scola B. 2005. Methylobacterium sp. bacteraemia
due to a contaminated endoscope. J. Hosp. Infect. 61:268 –270. http://dx
.doi.org/10.1016/j.jhin.2005.01.030.
Kovaleva J. 2013. Microbiological safety in endoscope reprocessing. Ph.D.
thesis. University of Groningen, Groningen, the Netherlands.
Kovaleva J, Peters FT, Van der Mei HC, Degener JE. 2013. Transmission of infection by flexible gastrointestinal endoscopy and bronchoscopy. Clin. Microbiol. Rev. 26:231–254. http://dx.doi.org/10.1128
/CMR.00085-12.
Gilchrist MJ, Kraft JA, Hammond JG, Connelly BL, Myers MG. 1986.
Detection of Pseudomonas mesophilica as a source of nosocomial infections in a bone marrow transplant unit. J. Clin. Microbiol. 23:1052–1055.
Brown MA, Greene JN, Sandin RL, Hiemenz JW, Sinnott JT. 1996.
Methylobacterium bacteremia after infusion of contaminated autologous
bone marrow. Clin. Infect. Dis. 23:1191–1192. http://dx.doi.org/10.1093
/clinids/23.5.1191.
Rutherford PC, Narkowicz JE, Wood CJ, Peel MM. 1988. Peritonitis
caused by Pseudomonas mesophilica in a patient undergoing continuous
ambulatory peritoneal dialysis. J. Clin. Microbiol. 26:2441–2443.
Kovaleva J, Meessen NE, Peters FT, Been MH, Arends JP, Borgers RP,
Degener JE. 2009. Is bacteriologic surveillance in endoscope reprocessing
stringent enough? Endoscopy 41:913–916. http://dx.doi.org/10.1055/s
-0029-1215086.
Webster E, Ribner B, Streed LL, Hutton N. 1996. Microbial contamination of activated 2% glutaraldehyde used in high-level disinfection of
endoscopes. Am. J. Infect. Control 24:153.
Furuhata K, Koike KA. 1993. Isolation of Methylobacterium spp. from
drinking tank-water and resistance of isolates to chlorine. Nihon Koshu
Eisei Zasshi 40:1047–1053. (In Japanese.)
Donlan RM, Costerton JW. 2002. Biofilms: survival mechanisms of clinically relevant microorganisms. Clin. Microbiol. Rev. 15:167–193. http:
//dx.doi.org/10.1128/CMR.15.2.167-193.2002.
Costerton JW, Lewandowski Z, Caldwell DE, Korber DR, Lappin-Scott
HM. 1995. Microbial biofilms. Annu. Rev. Microbiol. 49:711–745. http:
//dx.doi.org/10.1146/annurev.mi.49.100195.003431.
Yano T, Kubota H, Hanai J, Hitomi J, Tokuda H. 2013. Stress tolerance
of Methylobacterium biofilms in bathrooms. Microbes Environ. 28:87–95.
http://dx.doi.org/10.1264/jsme2.ME12146.
Simões LC, Simões M, Vieira MJ. 2009. Susceptibility of drinking water
biofilm bacteria to sodium hypochlorite, p 124 –125. In Eurobiofilms
2009: book of abstracts. http://repositorium.sdum.uminho.pt/bitstream/
1822/9607/1/EUROBIOFILMS2009_Abstract-Simoes%5B1%5D.pdf.
Simões LC, Simões M, Vieira MJ. 2010. Adhesion and biofilm formation
on polystyrene by drinking water-isolated bacteria. Antonie Van Leeuwenhoek 98:317–319. http://dx.doi.org/10.1007/s10482-010-9444-2.

Minireview

May 2014 Volume 52 Number 5

Downloaded from http://jcm.asm.org/ on May 14, 2021 by guest

Julia Kovaleva is a clinical microbiologist
finishing her training at the Department of
Medical Microbiology and Infection Control at
the University Medical Center Groningen
(UMCG), Groningen, The Netherlands. She
obtained her M.Sc. degree in Medical Science at
the Volgograd State Medical University, Russia,
in 2000, followed by a Ph.D. degree in Clinical
Pharmacology in 2004. In 2008, she received
her second master’s degree in Medical Science
from the Ghent University, Belgium, and
started her specialization in Clinical Microbiology at the UMCG. Following
4 years of residency, she received a second Ph.D. in Medical Science at the
University of Groningen in 2013. Her Ph.D. thesis was called Microbiological
safety in endoscope reprocessing. Her research is focused on microbiological
surveillance of endoscope reprocessing, development of postendoscopic infection and the impact of biofilm on endoscopes. Her research has been
presented at the 19th, 20th, and 22th European Congress of Clinical Microbiology and Infectious Diseases and the 3M European Infection Prevention
Expert Conference, where she was an invited speaker. She had authored a
book chapter and a number of publications in peer-reviewed journals.

jcm.asm.org 1321

