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Level of decontamination after washing textiles at
608C or 708C followed by tumble drying

Eva Tano, MMSC* and Åsa Melhus, MD, PhD
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Background: Several major outbreaks in healthcare facilities have occurred with the emergence of multi-resistant

bacteria. A possible route for dissemination is the hospital textiles and inadequate laundering of them. The aim of

this study was to develop an easy-to-use method for simulating the laundering process of hospital textiles, and

thereafter apply the method when evaluating the decontaminating efficacy of two different washing temperatures.

Methods: The laundering process, including tumble drying, took place at two professional laundries.

Enterococcus faecium was used as bioindicator.

Results: The results showed that a lowering of the washing temperature from 708C to 608C did not affect the

decontamination efficacy; the washing cycle alone reduced the number of bacteria with 3�5 log10 CFU, whereas

the following tumble drying reduced the bacterial numbers with another 3�4 log10 CFU, yielding the same final

result independent of washing temperature. Without tumble drying, there was an obvious risk of adding non-

fermenting gram-negative bacteria to the fabric. These bacteria originated from the washing cycle.

Conclusion: A simple method to simulate hospital laundering was developed. To save energy, it is possible to

use a washing temperature of 608C, but the washing cycle should be followed by tumble drying, and the whole

laundering process needs to be monitored to maintain sufficient textile hygiene.
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S
everal tons of laundry is produced in hospitals

every day. A small-sized primary care hospital in

Sweden can easily handle 40 tons of laundry per year,

whereas the corresponding figure for a county or a region

is rather 40 tons per day. The cost for washing these

large amounts of textiles is high. In an American study

from 1981, it was estimated that hospital laundries

accounted for 10�15% of the energy consumed in hospitals

(1). Not surprisingly, there has, in late years, been a trend

of economizing on these costs by reducing time, energy,

water, detergents, and disinfecting agents in the washing

machines. The risk of bacteria surviving the laundry

process has thereby increased. Since bacteria can survive

on fabrics for a month or more (2), clothing, bed linen,

towels, etc., used in hospitals can act as sources of

infections for patients (2�6) although they are seldom

implicated (7, 8).

To ensure a certain level of quality, resulting in clean and

microbiologically acceptable products, there are official

recommendations for hospital laundering in many coun-

tries. The recommendations in Sweden state that hospital

laundry should be washed at 708C or more for at least

10 min. This recommendation is to a large extent followed,

but high washing temperatures for longer periods of

time result in a significant environmental impact through

large energy expenditure and shortened lifetime of the

fabrics. A common alternative is to wash at lower tem-

peratures and combine this with a biocide. The latter

alternative threatens, however, human health and the

environment, and contamination of water with biocides

can in the long run be more problematic than high-

energy consumption (9). There is, unfortunately, a lack

of standardized methods to validate the decontaminat-

ing effects of a washing process. It is thereby difficult to

evaluate the impact of changes in a full laundering process,

including both washing and drying, on microorganisms

of clinical importance.

The aims of this study were to develop an easily

performed method for evaluating the decontaminat-

ing efficacy of a laundering process. Focus was on how

the bacterial survival was affected by different washing

temperatures followed by tumble drying.
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Materials and methods

Settings

During the years 2005�2007, there was a major outbreak at

Uppsala University Hospital caused by a multi-resistant

Klebsiella pneumoniae strain producing CTX-M-15 (10).

While searching for possible sources, it was noticed that

the outbreak strain, like many other extended-spectrum

b-lactamase (ESBL)-producers (11) had a high ability to

survive on different types of fabrics. There was concern

that the current laundering process at the hospital and in

homes for senior citizens could be insufficient. A study was

therefore initiated.

To simulate a true situation as much as possible, all

washing and drying processes were carried out at two

professional laundries with years of experience of hospital

laundering. The laundering was initially planned to take

place in a single professional laundry, but due to technical

problems related to the lowered washing temperature

(from 708C to 608C), another laundry was engaged to

complete the study. The preparation of the contaminated

cloth samples and the control of the level of decontamina-

tion after different procedures were performed at the

Department of Clinical Microbiology, Uppsala University

Hospital, Uppsala, Sweden.

Bacteria and inocula

Two bacterial strains were included in the study:

the outbreak strain K. pneumoniae CCUG54718 and

Enterococcus faecium NCTC7171/CCUG33573. Both spe-

cies are common causes of healthcare-associated infec-

tions. The relatively thermo tolerant E. faecium was also

included since it is frequently used as a bioindicator in

laundry studies and in European tests for determining

basic bactericidal disinfectant efficiency (12�16).

Prior to the experiments, a single colony from an

overnight culture of each strain was inoculated in brain

heart infusion broth (BBLTM, Becton, Dickinson and Co.,

Sparks, USA) and incubated at 358C for 5 h to obtain a

bacterial concentration of 108�109 CFU/mL.

Determination of viable bacteria

The bacterial suspension was diluted serial 1/100 with

phosphate-buffered saline (PBS), and from each dilution

10 mL and 100 mL were spread in duplicates on blood

agar (Neogen, Lansing, MI, USA). After incubating for

20 h at 358C, viable counts were performed, using three

different plates containing 30�300 CFU. Viable counts

were performed to verify the bacterial concentration at

each experiment.

Control of bacterial tolerance to heat

Tubes containing 1 mL of 5-h broth cultures of E. faecium

or K. pneumoniae were exposed in duplicates to two

different temperatures (658C and 858C) in a thermo-block

for up to 30 min. Viable counts were performed after 0,

10, 20, and 30 min. As control, a bacterial culture kept

at 358C was used. The experiment was repeated for the

E. faecium strain with a broader temperature range

(608C�908C).

Preparation of test samples

In each experiment, 14 pieces of sterilized cloth (cotton/

polyester 50/50, originating from hospital staff clothes

and measuring 10�10 cm) were used. They will hereafter

be referred to as test samples. All test samples were

contaminated with 1 mL of an E. faecium CCUG33573

suspension. Each test sample was allowed to dry at 358C
in sterile plastic petri dishes (diameter 14 cm).

Processing of test samples

Test samples 1�2 were used for controlling the bacterial

number on day 0. The remaining 12 test samples were left

in the petri dishes, which were sealed with tape and placed

in plastic bags for transport to the laundry. See Fig. 1 for

flow chart.

Experiment 1-13

Experiment 1-13

Inoculated test samples 
(n=14)

Viable count (n=10)

Laundry I

Laundered and
tumble dried
test samples (n=10)

Viable count day 0 (n=2)

Viable count after 
transportation (n=2)

Laundered and
tumble dried test
samples (n=5)

Professional laundry Laboratory

Laundry II
Experiment 1-13
Laundered test
samples (n=5) 

Laundered and
tumble dried test
samples (n=5)

Experiment 1-13

Experiment 1-10

Experiment 11-13
Laundered test
samples (n=5) 

Fig. 1. Flow chart showing how the test samples were

processed at professional laundry I (708C) and professional

laundry II (608C).
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At arrival, test samples 3�4 stayed packaged; they were

controls and did not pass through the washing process,

consisting of washing, rinsing and spinning phases in a

continuous batch (tunnel) washer. In experiments 1�10

out of 13, test samples 5�14 were put into separate laundry

bags and washed the same day at 708C. Water and

tumbling temperatures were monitored throughout every

process.

After the washing and drying by tumbling, the test

samples were placed in separate clean plastic bags. In

experiments 11�13, the test pieces were handled in the

same way with one important exception: test samples

5�9 were excluded from the drying process. The test

samples were thereafter transported back to the labora-

tory and refrigerated. The temperature inside the refri-

gerated transport box was measured when it arrived to

the laboratory.

Within 20 h after completion of the laundering, test

samples 3�14 were examined for the presence of bacteria.

The Stomacher plastic bags were filled with 50 mL

peptone water (Neogen, Lansing, Michigan, USA) and

processed in the Stomacher† 400 (Circulator, Seward

medical, UK) for 5 min. The suspension without textile

was transferred into sterile bottles containing 25 glass

beads. The bottles were shaken at 240 rpm for 10 min on

a 4010 Multi-Tube Vortexer, Corning. From each sus-

pension, 10 mL, 100 mL, and 2�200 mL were cultured

on blood agar plates for the quantification of growing

bacteria and E. faecium in particular. The remaining

suspension was filtered through a 0.22-mm cellulose filter

(Millipore Corporation, Bedford, USA), which was

placed on a blood agar plate. The plate was incubated

at 378C for 48 h, and the total numbers of bacteria and

of E. faecium were counted. The cellulose filter was

thereafter transferred to a plate selective for enterococci

(EnterococcoselTM Agar, Becton, Dickinson and Com-

pany, Sparks, USA) and incubated overnight at 378C for

identification of the inoculums strain.

After the first 13 experiments, 10 more followed. In

these latter 10 experiments, three changes were made: the

laundering process took place at another professional

laundry, the temperature was lowered to 608C, and the

tumble drying process was excluded for test samples

5�9 in all experiments. Both laundries followed their

current routines and used their own choice of detergent.

No biocides were included in any washing process.

Results

Bacterial tolerance to heat

Results of the heat tolerance experiment showed that

there was a reduction of K. pneumoniae CCUG 54718

with 4�7 log10 CFU after 30 min exposure to tempera-

tures between 658C and 858C. E. faecium NCTC7171

exhibited a thermotolerance that was similar to that of

K. pneumoniae CCUG 54718 (see Fig. 2a). To reduce

the risks of spreading an epidemic strain, the suscep-

tible enterocccal strain, and not the multi-resistant

K. pneumoniae strain, was used in all the following

laundering experiments.

The enterococcal strain showed that the lower the

temperature, the longer time of exposure was needed for

reducing the bacterial number. At temperatures ]708C,

the major killing took place during the first 10 min (see

Fig. 2b).

Laundering at 708C
All test samples were impregnated with an average of

108�109 CFU E. faecium (test samples 1�2). Unwashed

test samples (3�4) contained 4�9 log10 CFU when returned

to the laboratory.

The median washing time at 708C was 15 min (range

10�20 min) and for the full washing circle 30 min (range

30�55 min). The washing process alone reduced the

number of bacteria with about 5 log10 CFU. The washing

process followed by tumble drying, reduced the bacterial

numbers with up to 9 log10 CFU. The observed killing

effect of the tumble drying, was the background to the

changes in the study protocol; in the following experi-

ments the washing process and the tumble drying was

separated at all times (see Fig. 3). The median drying

temperature during tumbling was 788C (range 638C�
858C), and the drying process lasted for a median of

22 min (range 17�30 min).

Laundering at 608C
The test samples were impregnated with the same level of

bacteria as in the first 13 experiments (average of 108�109

CFU), but the unwashed test samples (3�4) contained

essentially the same amount of bacteria as test samples

1�2 at the return to the laboratory.

The median washing time at 608C was 15 min (range

13�17 min) and for the full washing circle 30 min (range

30�33 min). The washing process alone reduced the

number of bacteria with 4�5 log10 CFU. The correspond-

ing figure for the tumble drying was 3�4 log10 CFU,

yielding a total reduction of bacteria of up to 9 log10

CFU for a full laundering process including the tumble

drying (see Fig. 4).

The median temperature during tumble drying was

117.58C (range 1128C�1238C), whereas the total time for

drying was a median of 14.8 min (range 12�17.4 min).

The temperature during the tumble drying was thereby

higher but lasted for a shorter time period than during

the first 13 experiments.

The number of E. faecium cells was not possible to

count in the first two experiments due to overgrowth of

non-fermenting gram-negative bacteria. This contamina-

tion had the washing process as its source.

Decontamination by washing
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Discussion
In the present study, a simple method for simulating a

full laundering process in a professional laundry was

developed to evaluate how different washing tempera-

tures affected the bacterial decontamination. The results

showed that the decontamination of the test samples

was comparable at 70 and 608C. Furthermore, it became

evident that the following drying process made an im-

portant contribution to the reduction of the bacterial

number. In fact, without tumble drying there was an

obvious risk of contaminating the test samples heavily

with non-fermenting gram-negative bacteria during the

washing process. Other studies have yielded similar results

(17, 18).

In recent years, the interest in laundering processes

and their ability to reduce microbial contamination has

mounted. The basis for this is to a large extent the in-

creased frequency of outbreaks caused by multi-resistant

bacteria in both healthcare facilities and in the community.

During outbreak investigations, infection control teams

usually check the laundry routines, especially if an out-

break does not seem to have an obvious cause. To give

sound advice in these situations is a difficult task. Studies

dealing with laundry have yielded a wide range of results,

and they are not always easy to interpret or draw con-

clusions from. This is to a large extent due to the high

number of variables that can affect the outcome, that

is, the type of microorganisms/washing machine/fabric,
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inoculum concentration, laundering conditions, added

detergents and/or biocides, drying routines, etc. (19).

Some studies have focused on the washing tempera-

ture, whereas others have included the drying tempera-

ture or the energy costs (13). However, tumble drying the

textiles has in several studies, including this, been shown

to have significant impact on the decontamination (17).

Ironing also seems to be of importance for reducing

the bacterial number (18, 20). The role of procedures

like tumble drying and ironing, which follow the wash-

ing cycle, probably increases when the laundry process

cannot be fully monitored. This is usually the case when
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conventional washing machines are used in old people’s

homes, other types of healthcare facilities and under

home-like conditions. The temperature in these instances

is frequently lowered to 30�408C to not damage the

clothes. At these temperatures, the risk of laundry

malodor and contamination is obvious (21�23). To let the

hospital staff wash their hospital clothing in their private

washing machines without tumble drying or ironing is

also a risk that needs to be further explored.

Enterococci are notoriously difficult to get rid of and

are therefore often used as bioindicators (13�15). Pre-

vious studies have shown that they can survive laundering

at 608C for 10 min (12�13) but not 758C (24). Their high

tolerance to heat was also shown in the present study

by E. faecium strain NCTC7171. There was, however,

a difference between the tolerance at temperatures below

708C and those at 708C or more. In the former case,

10 min was not enough to reduce the bacterial number.

This difference in temperature tolerance was not noticed

when laundering at 708C and 608C, indicating that not

only the washing temperature but also the centrifuga-

tion and rinsing contributes to the decontamination in a

washing process.

The multi-resistant K. pneumoniae strain, which caused

the major outbreak at the hospital, was surprisingly

heat tolerant. Due to the risks of further dissemina-

tion, it was not used during the laundering experi-

ments. It can be argued that a susceptible member of

the Enterobacteriaceae family should have been included

in the laundering experiments instead. They seem, how-

ever, to be not as good environmental survivors as their

multi-resistant variants (25), and there was a need for

rapid answers with a limited budget. A more compre-

hensive study, including also susceptible K. pneumoniae

strains, viruses and fungi, was therefore not possible.

When starting up a new method, there are often

problems. One of them was the transportation of samples

to and from the professional laundry, which was not

optimal during the first part of the study (when washing

at 708C). Furthermore, the laboratory technician who

performed the initial experiments was not accustomed

to dealing with this type of sample or carrying out viable

counts. A combination of these factors is probably the

cause of the large variation in bacterial numbers during

the laundering at 708C. After corrections, the reproduci-

bility increased.

In conclusion, a method for simulating a full launder-

ing process in a professional laundry was developed in

this study. When applied, the method showed that it

is possible to maintain sufficient textile hygiene where

bacteria are concerned when washing at 608C without

adding biocides. However, for the best result the washing

cycle must be followed by tumble drying. Furthermore,

the whole laundering process should be monitored.
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Å. The first major extended-spectrum beta-lactamase outbreak

in Scandinavia was caused by clonal spread of multiresistant

Klebsiella pneumoniae producing CTX-M-15. APMIS 2008;

116: 302�8.

11. Starlander G, Yin H, Edquist P, Melhus Å. Survival in the
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25. Starlander G, Melhus Å. Minor outbreak of extended-spectrum

b-lactamase-producing Klebsiella pneumoniae in an intensive

care unit due to a contaminated sink. J Hosp Infect 2012; 82:

122�4.

Decontamination by washing

Citation: Infection Ecology and Epidemiology 2014, 4: 24314 - http://dx.doi.org/10.3402/iee.v4.24314 7
(page number not for citation purpose)

http://www.infectionecologyandepidemiology.net/index.php/iee/article/view/24314
http://dx.doi.org/10.3402/iee.v4.24314


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00530065007400740069006e0067007300200066006f00720020007400680065002000520061006d007000610067006500200077006f0072006b0066006c006f0077002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


