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Abstract
Aims: The purpose of the work was to investigate bacterial levels and diversity as 
well as survival of Salmonella in used dish washing sponges and brushes and identify 
consumer practices that can potentially explain bacterial status of these items.
Methods and Results: Used washing up utensils were collected from consumers. 
The bacterial numbers (TVC) were very variable with an extremely high median 
level (10.3 log cfu/item) in Portuguese sponges and lower levels in Norwegian items 
(7.3 and 7.0 cfu/item for sponges and brushes). No self- reported practices or house-
hold composition could explain differences found in TVC levels among the collected 
sponges. Lower mean TVC levels were found in unworn brushes and brushes regu-
larly cleaned with soap, but the differences were modest (1.5 log or less). A com-
mon set of bacteria was found in brushes and sponges, dominated by Acinetobacter, 
Chryseobacterium, Enhydrobacter, Enterobacteriaceae and Pseudomonas. There was 
no difference in TVC or bacterial diversity between conventional and antimicrobial 
sponges containing silver after 4 weeks of use. For used brushes inoculated with 
Salmonella and allowed to dry overnight, a significant reduction in Salmonella num-
bers was observed. No reduction was observed for brushes stored in humid condi-
tions (in a plastic bag) or for sponges regardless of storing conditions.
Conclusions: Overall, lower bacterial levels were observed in used brushes than 
in sponges, and Salmonella died more rapidly in brushes. A common set of non- 
pathogenic bacteria dominated in brushes and sponges.
Significance and Impact of Study: The study demonstrates that the use of brushes 
may be more hygienic than the use of sponges.
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INTRODUCTION

High numbers of bacteria, and occasionally also patho-
gens have been found in sponges used in kitchens 
(Cardinale et al.,  2017; Cogan et al.,  2002; Møretrø, 
Nguyen- The, et al., 2021). There is a concern that sponges 
may spread pathogenic bacteria to kitchen surfaces and 
hands, thus representing a threat to the consumer rather 
than a means to reduce cross- contamination to food or 
mouth. The use of sponges and other cleaning utensils 
varies between countries. We previously reported that 
sponges were commonly used for cleaning in kitchens in 
the majority of 10 European countries surveyed, while 
brushes were the dominant cleaning utensil for washing 
up in two countries (Norway and Denmark) (Møretrø, 
Moen, et al., 2021).

Two former studies showed that used sponges were dom-
inated by non- pathogenic bacteria. Cardinale et al. (2017) 
found that 14 used sponges collected in Germany were 
heavily colonized by Acinetobacter, Moraxella and 
Chryseobacterium, while in another German study with 
20 sponges, Acinetobacter, Enhydrobacter, Agrobacterium, 
Pseudomonas and Chryseobacterium dominated them 
(Jacksch et al.,  2020). To our knowledge, no data on 
bacterial diversity in used kitchen brushes has been re-
ported. In a previous laboratory study with new brushes 
and sponges, to which a mixture of bacteria isolated from 
kitchen surfaces and kitchen cloths as well as Salmonella 
and Campylobacter and a food soil mixture were added, it 
was found that Serratia and Pseudomonas were dominant 
(Møretrø, Moen, et al., 2021).

There is limited information available on how differ-
ent usage routines of cleaning utensils affect bacterial 
levels and diversity; however, bacterial levels are reported 
to be higher in humid than in dry cleaning utensils 
(Cogan et al., 2002; Mattick et al., 2003; Møretrø, Moen, 
et al., 2021). In their study, Cardinale et al. (2017) claimed 
that regular cleaning of sponges leads to a higher abun-
dance of opportunistic pathogens. However, a limitation 
of the study was the low number (14) of sponges analysed.

In earlier laboratory experiments using new brushes 
and sponges, we found lower growth and survival 
of bacteria, including the pathogens Salmonella and 
Campylobacter in brushes than in sponges (Møretrø, 
Moen, et al.,  2021). It was hypothesized that the rapid 
drying rate of brushes compared to sponges leads to 
higher bacterial reduction in the former. In the same 
study, we also observed lower survival of Salmonella 
and Campylobacter and lower growth of total bacteria 
in a type of antimicrobial sponge containing silver than 
in two other types of sponges. However, since no inhi-
bition zones around the silver- containing sponge were 
observed when its antibacterial activity was assessed by 
agar diffusion tests, it was not clear whether the effects 
on growth/survival were due to an antibacterial effect by 
silver or not. All these experiments were performed with 
new sponges and brushes, and further studies are neces-
sary to evaluate whether the results also are relevant for 
bacterial growth/survival in brushes and sponges used in 
kitchens (Møretrø, Moen, et al., 2021).

The aim of the present study was to get an overview 
of microbial loads and microbiota in washing up brushes 
and sponges that had been used by consumers. Secondly, 
consumer practices that may affect the microbial status 
and survival of Salmonella were investigated.

MATERIALS AND METHODS

Collection of used sponges and brushes 
and quantitative bacterial analyses

Convenience samples of used sponges and brushes were 
collected from consumers (colleagues and students at 
our institutions or their family members) in Norway and 
Portugal (Table 1 and Figure S1). In Norway, the consum-
ers were asked to bring brushes and/or sponges, while in 
Portugal, they were asked to bring sponges. Based on the 
reported low use of brushes for washing up in Portugal 
in a previous study (6.3% used brushes (Møretrø, Moen, 

T A B L E  1  Overview of experiments and analyses on used brushes and sponges collected from consumers

Item Immediatelya (nb) Humid storagea (n) Dry storagea(n) Country

Brushes TVCc, Bacteriotac (15) TVC, Sc(10) TVC, S (11) Norway

Sponges TVC, Bacteriota (6) TVC, S (7) TVC, S (7) Norway

Sponges TVC, Bacteriota (20) TVC, S (20) TVC, S (20) Portugal

Spongesd TVC, Bacteriota (18) Portugal
aSampling stage; immediately; direct analysis, humid storage; stored in a plastic bag overnight, dry storage: Stored by hanging (brushes) or on an open tray 
(sponges).
bn; number of items.
cAnalyses performed: TVC, total viable count; S, Salmonella; Bacteriota.
dConsumers used an antimicrobial sponge for 4 weeks.
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et al.,  2021)), we chose not to try to collect brushes in 
Portugal. The consumers filled out a form with informa-
tion about the history of the collected items (age, use, 
storage, cleaning, etc.), and their households (Table S1). 
All collected items were weighted and visually inspected 
(humid vs. dry, clean vs. dirty, worn vs. new and foam vs. 
no foam).

For brushes, some were sampled immediately, for 
analysis of total viable counts (TVC) and bacteriota, 
while to the others a mixture of two Salmonella strains 
(S. Enteritidis MF6974 from hen's egg (Portugal) and 
S. Infantis MF6976 from poultry (Hungary)) (Møretrø, 
Moen, et al., 2021) were added to study the survival of 
Salmonella during storage. The parts of the brushes 
with bristles were immersed in 20 ml of a mixed sus-
pension of the two strains (overnight cultures grown 
in TSB [Tryptic Soy Broth, Oxoid] in test tubes at 30°C 
with 150 rpm agitation, diluted 10,000 times in sterile 
dH2O), leading to an inoculum level of about 6 log cfu 
of Salmonella per brush, and stored either in a plastic 
bag or hanging for 20 h at 19 ± 1°C, before analyses. The 
brushes were sampled by transferring them to a bag and 
adding 100 ml buffered peptone water (BPW), hand- 
massaging the bag with the brush for 60 s, before enu-
meration of bacteria by serial dilution and plating on 
PCA (TVC, 30°C, 2 days). Brushes that had Salmonella 
added to them were also plated on XLD (Oxoid) (37°C, 
24 h).

For sponges, some were analysed immediately for 
TVC, while others were divided in two or three parts 
(Table 1). To two parts, a mixture of the two Salmonella 
strains (as described for brushes but with immersion 
and absorption of 10 ml bacterial suspension made by 
diluting the overnight cultures 100,000 times in dH2O) 
were added, leading to an inoculum level of about 6 log 
cfu of Salmonella per sponge, to study survival during 
storage. One part was incubated on an open tray, and 
the other in a closed plastic bag to test the effect of dry-
ing versus humid conditions. If sponges were divided 
in three parts, the third part was analysed directly for 
TVC. Microbial analysis of sponges was performed sim-
ilarly to brushes; however, sponges were placed into 
a bag with 50 ml BPW before stomacher treatment for 
60 s followed by the enumeration of bacteria. In parallel 
with the used items, four new brushes (Jordan Trend, 
Lilleborg AS, Norway) and two new sponges (First Price, 
Norgesgruppen) from Norway, and two new sponges 
from Portugal (Auchan, Lisboa) (chosen as these prod-
ucts were the most common type collected from con-
sumers) were acquired and the pathogens were added 
to them and were treated in a similar procedure (i.e. 
two brushes hanging and two in bags, sponges divided 
in two pieces; one in tray and one in a bag) as the used 

items. After about 20 h at 19 ± 1°C, the concentration of 
bacteria was determined as described above.

In Portugal, the 20 consumers providing their used 
sponge, received a new sponge in return and were asked 
to use the sponge as normally. All new sponges were of 
type no. 21 (Ultrafresh, Vileda, Portugal) as presented in 
Møretrø, Moen, et al. (2021), containing silver and claimed 
on the package to have antibacterial effect (the consum-
ers were not informed about details of the sponge). After 
4 weeks, 18 of the consumers returned the sponges, which 
were analysed for TVC of the whole sponge as described 
above (i.e. using 100 ml BPW in the stomacher procedure) 
and sampled for bacteriota analysis.

Qualitative bacteriota analysis

Sampling and DNA extraction

For bacteriota analyses, 4  ml of samples were collected 
from the homogenate (after hand- massaging for brushes 
or stomacher treatment for sponges), subjected to centrif-
ugation at 13,000g for 5 min, the supernatant was poured 
off, and the tube with the pellet was frozen at −20°C until 
analysis. Further, DNA extraction, 16S rDNA amplifica-
tion and sequencing (MiSeq) were performed as described 
previously (Møretrø, Moen, et al., 2021).

Bacteriota analysis

The samples were sequenced in two separate Illumina 
MiSeq runs (Run1: the Norwegian samples and Run2: the 
Portuguese samples). For all samples, PCR was performed 
in triplicates and paired end sequencing (2  × 150 bp) was 
performed as described previously (Caporaso et al., 2012). 
Briefly, the V4 region of the 16S rRNA gene was amplified 
with region- specific primers (515F, 806R) that included the 
Illumina flowcell adapter sequences (Apprill et al.,  2015; 
Parada et al., 2016), as described previously (Møretrø, Moen, 
et al., 2021). The reverse amplification primer also contained 
a 12 base barcode sequence that supports pooling of different 
samples. Samples were purified with Ampure (Agencourt 
Bioscience Corporation) and quantified using the Quant- iT 
Picogreen ds DNA with picogreen before pooling. The sam-
ple pool was diluted to 4 nM and sequenced using the MiSeq 
Reagent Kit v3 on a MiSeq (Illumina) following the protocol 
provided by Illumina. In addition to the experimental sam-
ples, the MiSeq run also contained a control library made 
from phiX Control v3, which, in this run, accounted for 10% 
of the reads. The library quantification and sequencing were 
performed at Nofima. The MiSeq Control Software (MCS) 
version used was RTA v1.18.54.
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To verify the presence/absence of Campylobacter se-
quences from the MiSeq analysis, a Campylobacter real- time 
PCR assay (modified from NordVal International/NMKL, 
2019) was performed on 19 of the Norwegian brushes/
sponges. The forward/reverse primers and Campylobacter 
probe were as described in the NMKL method. The reac-
tions were performed on a QuantStudio 5 Real- Time PCR 
System (Applied Biosystems) using the TaqMan® Fast 
Advanced Master Mix following the manufacturer's recom-
mendations. DNA from C. jejuni NCTC 11168 was used to 
generate a standard curve and as a positive control.

Calculations and statistics

The MiSeq 16S rRNA amplicon sequences from the two 
runs were processed separately in QIIME2 (qiime2- 2019.1 
and qiime2- 2020.2) (Bolyen et al.,  2019). Briefly, the 
data were demultiplexed using demux, the paired ends 
were joined using vsearch, the quality was filtered based 
on a q- score above 30, were denoised using deblur, the 
taxonomy was achieved using classify- sklearn with the 
Greengenes 16S 13_8 database, and the alpha diversity 
(population richness) and beta diversity (structure vari-
ation of bacteriota between samples/environments) and 
significance were calculated (Amir et al., 2017; Bokulich 
et al.,  2018; Bolyen et al.,  2019; McDonald et al.,  2012; 
Pedregosa et al., 2011). Sequences originating from mito-
chondria and chloroplast (very few) were filtered out of 
the final dataset. Samples were rarefied to 30,000 reads 
per sample before diversity analysis, population rich-
ness and permutational multivariate analysis of variance 
(PERMANOVA). Observed OTUs (operational taxonomic 
unit) group significance were checked for all reported 
consumer practices and household information, and the 
beta diversity plots were visually inspected for all prac-
tices/information before PERMANOVA was used on se-
lected practices/information. PERMANOVA analysis was 
based on Bray– Curtis dissimilarity (non- phylogenetic), 
weighted-  and unweighted Unifrac and was used to test 
the hypothesis that distances between samples within one 
group (within- group distances) differ from the distances 
to samples in another group (across- group distances). 
UniFrac takes into account the evolutionary relationship 
between sequences, and unweighted (qualitative) Unifrac 
is more sensitive to differences in low- abundance features 
compared to weighted Unifrac (quantitative). The num-
ber of permutations were 999 for all analyses.

The taxonomy tables were collapsed to level 6 (genus), 
converted to relative values and exported to text files and 
further processed in Excel. Taxa below an average of 1% 
across all samples were represented as “Other.” Core- 
features were calculated on feature table (sub- OTUs) and 

data from level 6 table. When comparing the bacteriota 
with TVC levels, the data were divided into the follow-
ing categories (log TVC per brush or sponge): Low, <6.5; 
medium, 6.5– 8.0; high, 8.1– 9.5; ex- high, >9.5. To deter-
mine genera significantly different between brushes and 
sponges one- way ANOVA was performed on selected gen-
era from the level 6 table from the five households with 
both brushes and sponges (Minitab 19 Statistical Software 
(2020) [Computer software]).

To determine connection patterns between consumer 
practices and utensil contamination levels, sample brushes 
(N = 40, Norway only) and sample sponges (N = 102, wherein 
78 from Portugal and 24 from Norway) (new unused control 
brushes and sponges were included) were modelled in differ-
ent partial least squares regression (PLSR) models. For each 
type of utensil, we built three predictive models: (i) utensils 
as collected from consumers modelled for TVC log, (ii) incu-
bated utensils modelled for TVC log and (iii) incubated uten-
sils modelled for Salmonella. In each of these models, the 
independent variables included consumer responses (usage 
habits, cleaning and storage habits, and socio- demographics), 
observed utensil condition upon collection (e.g. clean, dry, 
worn and/or foam) and experimental setting of incubation 
(stored dry (hanging (brushes)/on an open tray (sponges)) 
or stored humid in a closed plastic bag, and used or control 
(new) utensil). All variables were standardized. In all models, 
full cross- validation and uncertainty testing based on jack- 
knifing were used for model validation and variable selection 
(Martens & Martens, 2000). Cross- validation results were uti-
lized to determine the appropriate number of factors in each 
model, where a drop or stagnation in validated variance in-
dicated the first non- validated factor. Fitted variance for the 
retained models varied from 39.9% (1- factor model for TVC 
log on 43 used sponges) to 87.8% (4- factor model for TVC log 
on 58 used and new sponges after incubation and storage). 
The results section presents the predictive models for TVC log 
and Salmonella, where weighted regression coefficients (B) 
and associated p- values from uncertainty testing are reported. 
For each of the independent variables, the p- value indicates 
whether the specific practice or household characteristic sig-
nificantly led to higher (positive B- coefficient) or lower (neg-
ative B- coefficient) bacterial count. The models were run in 
The Unscrambler® X 10.4.1 (Camo Software AS).

RESULTS

Consumer practices and microbial status

Bacterial levels

The bacterial numbers in Portuguese sponges (median 
TVC 10.3 log10 cfu per sponge [range < 4.5– 13.3 log]) were 
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higher than in Norwegian sponges (7.3 log10 cfu per sponge 
(range < 4.5– 10.7 log) (Figures 1 and 2)). The median TVC 
of brushes (only Norwegian) was 7.0 log10 cfu per brush 
(range < 3.9– 9.2 log) (Figure 1). A similar pattern of usage 
type and usage frequency was reported for Portuguese 
sponges and Norwegian brushes. In Portugal, all consum-
ers reported that the sponges were used for washing up 
(including scrubbing pots, pans and similar), and 19 of 
the 20 sponges were used 5– 6 times a week or more often. 
Thirty- two of the 35 brushes collected in Norway were re-
ported to be commonly used for washing up and 31 used 
their brush 5– 6 times a week or more often. The remain-
ing brushes were from households that had two brushes 
and used the second brush for very dirty dishes. Seven of 
the 14 Norwegian sponges were exclusively used to clean 
very dirty dishes, scrub casseroles, etc., and not for gen-
eral washing up and eight of the sponges were used once 
a week or less often. All of the Norwegian sponges, except 
one, were from households that also provided a brush that 
was commonly used for washing up.

The consumers also reported about how they kept 
their dishwashing utensils clean. The use of dishwasher 
was more common for brushes than sponges. Of the 35 
collected Norwegian brushes, 23 were reportedly cleaned 
in dishwasher (some in combination with rinse in water 
and use of soap), three with chlorine, four with water and 
soap, and five rinsed in water only. Among the 14 collected 
Norwegian sponges, seven were reported to be cleaned by 
rinsing with water, four with soap and two in dishwasher. 
One sponge was disinfected using chlorine. Among the 

20 sponges collected from Portuguese consumers in the 
first round, 13 were reported to be cleaned with water 
and soap, one with water only and six were disinfected 
with chlorine. Considering the consumers using chlorine, 
three used it in combination with soap and one with dish-
washing machine.

The time of use before donating the utensils to mi-
crobial analysis varied considerably between consumers, 
the type of utensil and the two countries. The Norwegian 
brushes had been used for the longest time, as 18 of 35 
Norwegian brushes had been used for 2 months or more, 
while the majority (13/20) of the Portuguese sponges had 
been in use for 2– 4 weeks and only three for more than 
a month. For the Norwegian sponges, the reported usage 
time was between 3 days and 6 months, with no clear 
distribution pattern. At the collection time, 75%, 50% 
and 36% of Portuguese sponges, Norwegian brushes and 
Norwegian sponges, respectively, were observed to look 
worn.

Potential relationships between TVC levels and re-
ported usage and observations of the cleaning utensils 
were investigated in PLS regressions. Brushes that looked 
new rather than worn (p = 0.044, Table 2) had lower TVC 
(mean TVC new = 6.1 log (eight items), worn = 7.7 log 
(seven items)). Also, brushes reported to be cleaned with 
soap as a routine, rather than in the dishwasher, had 
lower TVC (p = 0.022, Table 2) (mean TVC soap = 5.6 log 
(seven items), dishwasher = 6.9 log (eight items)). Only 
three brushes were cleaned with chlorine, with no observ-
able effect on TVC. There were no statistically significant 

F I G U R E  1  Bacterial diversity in 
brushes and sponges collected from 
Norwegian consumers (A– M). Only taxa 
that were above 0.1% across all items are 
indicated, the remaining taxa are shown 
together as “Other.” Some consumers 
provided two cleaning utensils. 
Consumers H and M provided two 
brushes where one (marked *) was used to 
clean very dirty dishes. Total viable counts 
(log10 TVC) per brush/sponge are shown 
as circles. One brush and one sponge are 
not included in the figure due to non- 
successful amplification.
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differences (p > 0.05) in bacterial counts between differ-
ent types/brands of brushes, or other reported informa-
tion about use. For sponges collected from Portuguese and 
Norwegian consumers, none of the consumer practices in-
vestigated, such as cleaning and storage routines or when 
the sponge was changed, impacted the TVC results signifi-
cantly (p > 0.05). In the study where Portuguese consum-
ers used sponge no. 21 (containing silver) for 4 weeks, the 
median TVC was 10.7 log (range 6.3– 11.7 log), not signifi-
cantly different (p  > 0.05) from the level in the sponges 
collected in the first round (Figure 2).

Microbiota

In total, the bacteriota was identified in 14 used brushes 
and 41 sponges. Core- feature analysis (genus level) of the 

bacteriota in sponges and brushes showed that the two 
countries had five core genera/families (taxa present in 
all items) in common: Acinetobacter, Chryseobacterium, 
Enhydrobacter, Enterobacteriaceae and Pseudomonas. Among 
these, Acinetobacter, Chryseobacterium, Enterobacteriaceae 
and Pseudomonas were also among the five most abundant 
taxa in both countries (Figures 1 and 2, Table 3). The major 
difference between the two countries was a lower relative 
abundance of Enhydrobacter in Portuguese items compared 
to Norwegian items, and this was majorly due to a lower 
abundance of Enterobacter in sponges than in brushes. For 
the five Norwegian households that provided both a brush 
and a sponge, the relative abundance of Enhydrobacter 
was significantly higher (p = 0.007) in brushes than in the 
sponges, while Acinetobacter was higher (p  =  0.007) in 
sponges than in brushes (Figure  1). Core- feature analysis 
on sub- OTUs (sOTUs) showed that one sOTU representing 

F I G U R E  2  Bacterial diversity in used sponges from Portuguese consumers (1– 20). Only taxa that were above 0.1% across all items are 
indicated, the remaining taxa are shown together as “Other.” “Orig.” indicates the original sponges collected, and these were of several 
different brands. “Antimic.” indicates sponges of a type containing silver, which were given to all consumers and collected after 4 weeks. 
Total viable counts (log10 TVC) per sponge are shown as circles. Consumer nos. 11 and 17 did not return the antimicrobial sponge. For 
consumer nos. 8 and 9, the original sponges are not included in the figure due to non- successful amplification.
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Enhydrobacter was present in all items (Table 3). However, 
manual BLASTn search of the representative sequence 
yielded both Moraxella osloensis and Enhydrobacter aero-
saccus as the closest match (both 100%). This sOTU was 
also the most abundant in the Norwegian items. Overall, 
Acinetobacter was the most abundant genus, represented 
by seven different sOTUs (among the core- features above 
90% shown in Table  3), where three were among the 10 
most abundant in both collections. Two of the households 
provided two brushes each, where one of the brushes was 
older and downgraded from normal use and used only on 
very dirty dishes. The two brushes used only for very dirty 
dishes had a higher abundance of Acinetobacter and lower 
of Pseudomonas, than the brushes used for ordinary dish-
washing (Figure 1).

To investigate differences in number of bacterial species 
and composition between brushes and sponges and po-
tential correlation with reported consumer practices and 
household information, alpha diversity (population rich-
ness) and beta diversity (variation of bacteriota between 
items/environments) analyses were performed. There was 
no significant difference (p > 0.05) in population richness 
(observed OTUs) or beta diversity between Norwegian 
brushes (n  =  14) and sponges (n  =  5)). A significant 
higher population richness (observed OTUs) was found in 
products from households not having children <12 years 
(p = 0.02), and in items with low-  or medium TVC (low 
(n  =  5); medium (n  =  6)) (p  =  0.02) compared to items 
with high bacterial counts (n = 7). There was also a sig-
nificant difference in community structure (beta diversity) 

T A B L E  3  Core and top 10 abundant taxa. The table shows the taxa of the core sOTUs (prevalent in >90% of items and the 10 most 
abundant sOTUs) in brushes and sponges from Norway and sponges from Portugal

Taxa (sOTUs)

Norwaya Portugalb

top_10c % of items top_10 % of items

Acinetobacter 1d 5 73.7 2 80.6

Acinetobacter 2 9 5.3

Acinetobacter 3 2 73.7 1 94.4

Acinetobacter guillouiae 1 8 21.1

Acinetobacter guillouiae 2 5 30.6

Acinetobacter johnsonii 4 68.4 4 77.8

Acinetobacter rhizosphaerae 3 78.9

Aeromonadaceae 94.4

Brevundimonas vesicularis 94.7 100.0

Chryseobacterium 6 78.9 3 97.2

Comamonas terrigena 100.0

Enhydrobacter 1 100.0 100.0

Enterobacteriaceae 1 97.2

Enterobacteriaceae 2 7 72.2

Enterobacteriaceae 3 10 55.6

Pseudomonas 7 73.7

Pseudomonas fragi 10 84.2

Pseudomonas veronii 8 88.9

Roseomonas mucosa 100.0

Sphingobium yanoikuyae 91.7

Stenotrophomonas geniculata 1 94.7

Stenotrophomonas geniculata 2 9 47.2

Wautersiella 6 88.9
aNorway: 14 brushes and 5 sponges.
bPortugal: 36 sponges.
cThe top 10 sOTUs are ranked from 1– 10 and the percent of items that have this sOTU is shown in “% of items.” Missing values are due to sOTU either not 
being among the top 10 abundant or among core >90%.
dThe corresponding feature IDs are shown in Table S3.
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between the TVC categories (p = 0.001); high versus low 
(p = 0.004); high versus medium (p = 0.002) when abun-
dance information was not weighted (unweighted unifrac).

There was a significant higher population richness (ob-
served OTUs) in visually dirty (n = 9) than visually clean 
(n = 27) sponges (p = 0.02) from Portugal. There was no 
significant difference (p  > 0.05) in population richness 
(observed OTUs) or community structure between origi-
nal and antimicrobial (S21) sponges, or between the dif-
ferent TVC categories.

The bacteriota analysis indicated that sequences classi-
fied to Campylobacter were present in nine of the cleaning 
utensils, at a low abundance (0.002– 0.098%). However, a 
Campylobacter real- time PCR analysis (targeting C. jejuni, 
C. coli and C. lari) of four of the Miseq- positive items and 
15 negative items, did not result in any positive signals. 
Sequences classified to Salmonella or Listeria were not 
found in any sponge or brush.

Consumer practices and 
survival of Salmonella

Effect of drying items

Brushes and sponges collected from consumers and 
newly purchased (control utensils) were inoculated with 
Salmonella and either kept in humid condition in a plastic 
bag or allowed to dry overnight on an open tray (sponges) 
or by hanging (brushes). About 1.5 log lower (p = 0.01) 

TVC and 3.3 log lower (p = 0.001) Salmonella counts were 
found in brushes stored hanging compared to those stored 
in a bag (Table 4). For used sponges, there was no signifi-
cant effect on Salmonella or TVC levels by storing sponges 
on a tray compared to storing in a plastic bag (Table 4). It 
was observed that the sponges laying on trays were not 
completely dry at sampling after 1 day of storage. The 
Portuguese sponges were weighted after 1 day of storage, 
and the weight of the sponges in the bags was on aver-
age 2.1 times higher (14.3 g) than for the sponges in trays 
(6.8 g).

Effect of the consumers' practices

The only reported consumer practice that affected survival 
of Salmonella in brushes according to the statistical analy-
sis was the use of chlorine to disinfect the brush (p = 0.034, 
Table 2). However, it must be noted that this practice in-
volved two brushes only, where both were hanging to dry; 
therefore, it is difficult to conclude from this limited sam-
ple size. Higher total bacterial numbers after incubation 
and storage were found in brushes that had been used for 
a long time (‘Last changed’ median 4.3 weeks, p = 0.038) 
(mean TVC last changed <4.3 weeks = 6.8 log cfu/item (15 
items), >4.3 weeks = 7.6 log cfu/item (10 items)) and those 
from households with children above 18 years (p = 0.003, 
Table 2) (mean TVC children >18 = 7.7 log cfu/item (12 
items), no children >18 = 6.1 log cfu/item (11 items)). The 
brushes were of five different types/brands, and there was 

T A B L E  4  Salmonella and total viable count in sponges/brushes stored on a tray/hanging or in a bag overnight after Salmonella was 
added

Number tested

Total viable count
(log cfu per brush/sponge)

Salmonella
(log cfu per brush/sponge)

Tray/hanginga Bag Tray/hanging Bag

Norway

New brush 2 3.3b 5.9 (0.1)c <3.0 5.9 (0.1)

Used brush 11/10d 6.8 (0.4) 8.3 (0.2) 3.9 (0.2) 7.2 (0.2)

New sponge 2 5.6 (0.2) 6.5 (0.2) 5.6 (0.2) 6.6 (0.2)

Used sponge 7 8.6 (0.4) 9.1 (0.3) 5.8 (0.3) 6.6 (0.5)

Portugal

New sponge 2 <5.7e <5.7 <4.7 <4.7

Used sponge 20/15f 9.7 (0.2) 10.0 (0.2) 6.1 (0.2) 6.3 (0.2)
aBrushes were hanging and sponges stored openly on a tray.
bOne of the replicates below detection limit (<3.0 log per brush). Standard error not calculated.
cMeans of log cfu per brush/sponge with standard errors in parentheses.
d 11 brushes hanging, 10 brushes in plastic bag.
eBelow detection limit.
fNumber of sponges were 20 for TVC and 15 for Salmonella. For Salmonella, data from sponges below the detection limit for one or both storage conditions 
were removed.
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no difference in bacterial levels (TVC or Salmonella) be-
tween different types of used brushes (see Figure S1 for 
photos of brushes). Also, there was no difference in water 
uptake (range 1.7– 6.2  g per brush) in different types of 
used brushes or between new and used brushes.

Several self- reported practices significantly (p  < 0.05, 
Table  2) affected the survival of Salmonella in sponges. 
Levels of Salmonella were on average 0.9 log higher in 
sponges from households that routinely stored sponges in 
the sink (mean = 6.3 log [8 items]) than sponges report-
edly stored in a container (30 items) or on the counter-
top (10 items). Sponges from households which primarily 
changed sponges when they were worn or old had on av-
erage 0.7 log lower Salmonella levels (mean = 5.4 log [40 
items]) compared to households that changed sponges 
when they looked dirty (8 items). After incubation and 
storage, sponges that were reported to be cleaned in chlo-
rine (21% of the total households) presented higher TVC 
(p = 0.023, mean = 10.4 log (12 items)) than sponges from 
other households (mean = 9.3 log [42 items]). Further, two 
reported practices gave a significant lower TVC; sponges 
cleaned in the dishwasher (p = 0.039, mean = 8.8 log [4 
items]) and sponges reported to dry in- between usage 
events (p  =  0.004, mean  =  8.9 log [38 items]), with the 
latter having the largest effect size and highest statistical 
significance due to a broader representation of the prac-
tice in the data material.

The background data used in this publication has been 
deposited in a data repository (Møretrø et al. 2022).

DISCUSSION

The results in the present study showed that in general, 
high bacterial numbers were observed in cleaning utensils 
used by consumers, and no clear link was found between 
bacterial levels and most consumer practices. An excep-
tion was the use of brushes instead of sponges for wash-
ing up. The collected sponges in Portugal and brushes in 
Norway were majorly used for washing up. A previous 
survey confirmed that sponges and brushes were the most 
common cleaning utensils for washing up in Portugal and 
Norway, respectively (Møretrø, Moen, et al., 2021). The re-
sults in the present study indicated that cleaning utensils 
that dried between use would have lower numbers of bac-
teria including pathogens. This was supported by the ex-
periment where Salmonella was added to the brushes and 
which were either kept humid in a plastic bag or allowed 
to dry by hanging, for which the bacterial numbers where 
highest in brushes kept humid in plastic bags. The differ-
ence in bacterial numbers between sponges in plastic bags 
and sponges stored on a tray was not significant. This is in 
line with the fact that brushes dry faster than sponges, and 

it was observed that some of the sponges on the trays were 
not completely dry even after the overnight incubation, 
which may explain the lower difference in bacterial num-
bers between sponges in plastic bags and on trays than be-
tween brushes in plastic bags and hanging brushes. On the 
other hand, for sponges reported by consumers to dry in 
between use, lower TVC but not Salmonella counts were 
observed for sponges to which Salmonella was added. 
Therefore, it cannot be ruled out that drying may lower 
bacterial numbers also in sponges, but the effect on food 
safety is unclear as Salmonella was not affected. In used 
brushes, it was observed that Salmonella was more sensi-
tive to drying than the other bacteria present. The brushes 
likely dry up completely between use and this may select 
for bacteria that are more adapted to dry conditions than 
Salmonella.The bacterial levels found in brushes in the pre-
sent study were in the same range as in a UK study among 
elderly (3– 8 log cfu per brush) (Evans & Redmond, 2019). 
There were higher bacterial numbers in the used brushes 
collected from consumers in the present study, compared 
to bacterial levels obtained after simulated usage in new 
brushes in a previous laboratory study (Møretrø, Moen, 
et al., 2021). In the previous laboratory experiment where 
bacteria and a food soil mix were added to new brushes, 
there was a reduction in total bacterial levels from 6 log 
to 4 log cfu per brush after 1 day, and the level remained 
at 3– 4 log cfu per brush for the rest of the 7 days study. 
It is not clear whether this lower bacterial level was due 
to the brushes being new or differences in for example 
humidity, food soils, adaptation to stress, type of bacte-
ria between the laboratory model system and conditions 
during use in kitchens. In the present study, the levels of 
Salmonella after addition and overnight incubation were 
lower for new than used brushes, both for brushes kept 
humid and allowed to dry. Also, when used brushes were 
analysed directly, brushes that looked new had lower TVC 
levels. Evans and Redmond (2019) found a positive cor-
relation between Enterobacteriaceae concentrations and 
usage length of brushes. Together this indicates that used 
brushes may support higher bacterial growth and sur-
vival compared to new brushes. Most of the used brushes 
were reported to have been in use for several months and 
many of them were visibly worn, and it is possible that 
scratches, degeneration of fibres or accumulation of soil in 
the used brushes facilitate colonization of bacteria and/or 
make the brushes more difficult to clean compared to new 
brushes. However, since we found no significant differ-
ences in levels of the pathogen Salmonella between new 
and used brushes, and no increased Salmonella numbers 
in old/worn brushes, we cannot conclude based on data 
in the present study that consumers should be advised to 
change their brushes regularly from a safety standpoint. 
Further work may be done to test whether survival of other 
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pathogens, for example Campylobacter, is higher in worn 
brushes. We chose not to include Campylobacter in the 
experiments as we observed in initial tests that the direct 
enumeration of Campylobacter on mCCDA plates failed 
due to the overgrowth of background flora from used 
brushes and sponges. A modified experiment combining 
a Campylobacter enrichment step with MPN enumeration 
may be an alternative approach in further research.

The bacterial counts in used Portuguese sponges were 
considerably higher than in Norwegian used sponges. 
The Portuguese sponges were used more frequently than 
Norwegian sponges. The higher usage frequency may 
result in Portuguese sponges being humid more often, 
which may explain the higher bacterial levels. The highest 
bacterial count (9 log cfu/sponge) among the Norwegian 
used sponges was found for a sponge reportedly used 
several times a day. In both countries, the sponges were 
reportedly used for washing up casseroles, pots, pans, 
etc. and very dirty dishes. However, Norwegian consum-
ers reportedly used brushes more often than sponges for 
such purposes, which probably leads to less usage of the 
sponges than in Portugal. There are several other studies 
from other countries (Brazil, Netherlands, UK) on bacte-
rial levels in used kitchen sponges with a reported bac-
terial count in the range 6– 9 log (Hilton & Austin, 2000; 
Ikawa & Rossen,  1999; Kusumaningrum et al.,  2002; 
Rossi et al.,  2013), meaning that the levels in the pres-
ent Portuguese study were higher than in other studies. 
However, as very limited information about the use of 
the sponges was provided in the other studies, it is not 
known why higher bacterial numbers were observed in 
the Portuguese sponges.Virtually, no consumer practices 
investigated had a significant effect on the bacterial num-
bers in sponges or brushes when analysed at the point of 
delivery. One exception was cleaning of brushes in soap, 
which led to lower total numbers of bacteria. Regarding 
bacterial numbers after addition of Salmonella, sponges 
that had reportedly been cleaned with a dishwasher at the 
consumers’ homes showed lower TVC and those cleaned 
with chlorine higher TVC than the sample average. These 
results were in general not completely in line with pre-
vious results, as cleaning of sponges by rinsing in water, 
or cleaning with soap are not very effective, while clean-
ing with chlorine is effective (Møretrø, Moen, et al., 2021; 
Sharma et al., 2009). It should be noted that the present 
study was very unbalanced in terms of number of house-
holds reporting using chlorine; thus, the present sample 
does not allow concluding on the benefits and drawbacks 
of using chlorine.

The finding that used brushes cleaned in dishwasher 
had higher TVC than when cleaned with soap was sur-
prising, as cleaning of new brushes in dishwasher was ef-
fective in the previous laboratory study (Møretrø, Moen, 

et al., 2021). It may be speculated that repeated cleaning 
in dishwasher can contribute to the brush being worn and 
this may increase bacterial colonization; however, the fre-
quency of the cleaning procedure is not known and may 
also affect the results.

There was no difference in bacterial levels or diversity 
between the antimicrobial sponges containing silver (S21), 
and the other sponges used by consumers in Portugal. 
Previously, in laboratory experiments over 7 days with new 
sponges (not used by consumers) inoculated with kitchen 
associated bacteria, Salmonella and Campylobacter and 
a food soil mix, slower total bacterial growth and higher 
reduction of Salmonella and Campylobacter were found 
in the antimicrobial S21 sponge than in two other types 
of sponges, but no inhibition zones were seen in agar dif-
fusion tests. It was not clear whether the lower bacterial 
levels were due to the addition of silver to the sponge or 
other factors (Møretrø, Moen, et al., 2021). Based on the 
results from the two studies, it cannot be excluded that 
there may be an initial antibacterial effect in new anti-
microbial S21 sponges. However, such an effect was not 
seen for sponges used for 4 weeks by consumers, indicat-
ing that the addition of silver to the sponge had no effect 
during long- term practical use. It is known that products 
with added antibacterial compounds often show limited 
antibacterial effects during practical use: this may be due 
to factors such as too low concentration of antibacterial 
compound, decreasing concentration over time and neu-
tralization of the antibacterial effect by food soil (DeFlorio 
et al., 2021; Møretrø & Langsrud, 2011).

Although the bacterial levels between different used 
brushes and sponges varied with several magnitudes, the 
bacterial diversity was more uniform (Figures  1 and 2, 
Table 3), with five core genera/family that were present in 
all items: Acinetobacter, Chryseobacterium, Enhydrobacter, 
Enterobacteriaceae and Pseudomonas. Also, in a German 
study on 14 used sponges, the dominating OTUs were 
rather ubiquitous, as the 10 most commonly isolated OTUs 
represented 69% of all sequences and 9 of the 10 most com-
mon OTUs were found in between 11 and 14 of the sponges 
(Cardinale et al., 2017). In both the present (Figures 1 and 
2, Table 3) and the German studies, the dominating bac-
terial class were Gammaproteobacteria, and many of the 
same genera (Acinetobacter, Enhydrobacter, Pseudomonas, 
Chryseobacterium) dominated in both studies. Also, in an-
other study on 20 German sponges, the dominating bac-
teria were similar as in the two other studies as the most 
commonly detected genera were Acinetobacter (22%), 
Enhydrobacter (8%), Agrobacterium (6%), Pseudomonas 
(5%) and Chryseobacterium (2%) (Jacksch et al.,  2020). 
Based on the present and the two German studies, 
this suggests that there may be a set of common bacte-
ria, with Acinetobacter, Enhydrobacter, Pseudomonas 
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and Chryseobacterium as the most dominating, in used 
sponges and brushes across different countries in Europe. 
These bacteria seem to be present regardless of variations 
in utensil type, storage conditions, frequency of use, clean-
ing procedures and household composition. It is not clear 
whether these bacteria are constantly introduced and/or 
persisting in the brushes and sponges. Pseudomonas and 
Acinetobacter are widely distributed in nature (e.g. soil 
and water), are among the most commonly isolated bac-
teria in relatively humid food processing environments 
and are also frequently isolated from foods. These bacte-
ria have low nutrient requirements, grow fast at a wide 
temperature range and may form biofilms (Møretrø & 
Langsrud,  2017). Chryseobacterium has been found in 
salmon and small- scale cheese production environments 
and in raw foods (de Beer et al., 2005; Møretrø et al., 2016; 
Schirmer et al.,  2013; Tsôeu et al.,  2016). Enhydrobacter 
is not frequently found in food processing environments, 
but was reported to dominate in Norwegian kitchen 
sinks in a previous study (Moen et al., 2016). The clean-
ing utensils are majorly used and commonly stored in 
the sink, but it is not clear if they are contaminated with 
Enhydrobacter from the sink, or opposite. As the kitchen 
environment is generally drier than many food processing 
environments and that Enhydrobacter was especially asso-
ciated with brushes (that dry fast), this may indicate that 
Enhydrobacter is especially adapted to dry environments. 
Enhydrobacter/Moraxella are among the dominating bac-
teria on human skin (Li et al., 2021), which is a very dry 
environment. Also, other explanations for the dominance 
of Enhydrobacter in kitchen environments (brushes, 
sponges, sinks), but not in food processing environments, 
are possible. Their common presence on human skin may 
lead to more frequent transfers to surfaces and cleaning 
utensils in kitchens than in the food industry, where fewer 
surfaces are in direct contact with human skin. Another 
hypothesis could be that Enhydrobacter is sensitive to san-
itation agents used in the food industry; however, more 
research is necessary to conclude on why Enhydrobacter 
is dominating in cleaning utensils in kitchens (and not 
in food processing environments). The sOTU represent-
ing Enhydrobacter was the only sOTU that was present 
in all items in the current study. Manual BLASTn search 
of the representative sequence for Enhydrobacter yielded 
Moraxella osloensis and Enhydrobacter aerosaccus as the 
closest relative. This sequence match was also observed by 
Cardinale et al. (2017). Moraxella osloensis is also known 
for generating malodor in laundry (Kubota et al.,  2012) 
and Cardinale et al. (2017) speculated that the abundant 
occurrence of this bacterium might be responsible for bad 
smelling kitchen sponges.

The bacteriota analysis in the present study showed 
that the bacterial foodborne pathogens Salmonella spp. 

and Listeria monocytogenes were not present in detectable 
numbers in used brushes and sponges. Campylobacter was 
found in six sponges and three brushes, comprising up to 
0.1% of the total sequences, however control studies with 
real- time PCR failed to detect Campylobacter. The pres-
ence of sequences classified as Campylobacter could be 
an artefact of the MiSeq analysis. Due to complexities of 
next generation sequencing methodologies and sequence- 
based microbial identification, there may be a risk of false- 
positive and/or false- negative results. However, we cannot 
rule out the presence of other Campylobacter species than 
the ones tested for (C. jejuni, C. coli and C. lari) in the real- 
time PCR assay.

The low relative abundance of foodborne pathogenic 
bacteria is in line with the other studies on sponges 
(Cardinale et al.,  2017; Jacksch et al.,  2020). In some 
studies, safety concerns are raised due to the presence 
of high numbers of Enterobacteriaceae, Moraxella, 
Chryseobacterium, Acinetobacter spp., etc. in sponges, 
based on claims that these types of bacteria are poten-
tially pathogens or opportunistic pathogens (Cardinale 
et al., 2017; Dey et al., 2020; Osaili et al., 2020). We think 
that the relevance for public health of the presence of 
these groups of bacteria in cleaning utensils, which were 
also confirmed in the present study, is difficult to evalu-
ate based on amplicon based bacteriota analysis or other 
methodologies with low resolution. The pathogenic po-
tential of a bacteria is often species- dependent and some-
times strain- dependent, and methods with high resolution 
are needed to identify the bacteria to the species level and/
or to evaluate if for example virulence factors or antibiotic 
resistance genes are present to evaluate the pathogenic po-
tential of the bacteria. Cardinale et al.  (2017) previously 
reported that sponges that had been cleaned by consumers 
were associated with higher concentrations of opportunis-
tic pathogens, but no effects of reported cleaning methods 
on the bacteriota were observed in the present study.

It should be noted that the consumer results in the 
present study present some limitations pertaining to 
the recruitment of a convenience sample limited in size 
and biased towards food scientists and microbiologists. 
However, the inclusion of two different cultures (Norway 
and Portugal) contributes to documenting a wide range of 
cleaning utensil practices and to uncover effects that are 
robust across household conditions and types or brands of 
cleaning utensils. Further, some of the studied practices 
were poorly represented while others were broadly repre-
sented in the participating households, leading to an un-
balanced investigation of the different practices. Further 
research is recommended with larger consumer samples 
or in controlled intervention studies, to better investigate 
the effects of dish cleaning utensil practices on pathogenic 
bacterial growth/survival.
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In general, the results on used sponges and brushes 
from the present study supported the conclusions and 
advice from our previous study on new sponges and 
brushes about the importance of drying and on using 
brushes instead of sponges for washing up (Møretrø, 
Moen, et al.,  2021). Also, some food safety authorities 
do not recommend sponges for cleaning (BfR,  2020; 
WHO, 2006).

CONCLUSIONS

Non- pathogenic bacteria dominated the used sponges 
and brushes, and a set of common bacteria comprised 
of Acinetobacter, Chryseobacterium, Enhydrobacter, 
Enterobacteriaceae and Pseudomonas were commonly 
abundant and seemed to be robust against variations in 
usage of the cleaning utensils. Practices found to prevent 
Salmonella growth in sponges in the case of a later con-
tamination included: a habit of changing the sponge when 
it is worn and not storing the sponge in the sink. The re-
sults confirm that drying brushes can kill bacteria, includ-
ing the pathogen Salmonella. While brushes will often dry 
up between usage occurrences, drying of sponges is dif-
ficult to obtain if sponges are used daily. Thus, to prevent 
health hazards in case of Salmonella contamination on 
the utensil, consumers should be advised to use brushes. 
Further research is recommended to investigate the role 
of consumer practices, and in particular, the role of clean-
ing routines on brushes as well as the lifetime of brushes 
from a hygienic viewpoint. Also, studies may be expanded 
with pathogens other than Salmonella.
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