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Sand is one of children’s favourite playing objects, thus sandbox-
es can be found in almost every playground next to apartment
buildings. However, sand is also an excellent medium for the pro-
liferation of microorganisms due to its favourable organic matter
content, relative humidity, and pH. Therefore, children playing in
sandboxes where toys have been left behind are at risk of becom-
ing infected with microorganisms that cause infectious diseases.
The main infectious pathogens Esheriahia coli, Staphylococcus
aureus, Salmonella spp. and Enterococcus spp. were analysed in
the sandboxes of children’s playgrounds set up in the yards of
apartment buildings. The test material came from the surfac-
es of the toys left in the sand, the edges of the sandboxes, and
sand samples collected in autumn and winter. Enterococcus spp.,
Salmonella spp. and E. coli were detected in the samples from
the edges of sandboxes and surfaces of sand-covered toys and sur-
faces collected in autumn. S. aureus (on the surface of the toys left
in sand) and E. coli were detected in the samples collected from
the surfaces of toys and sandboxes in winter. During the study, no
infectious agents were detected in the sand samples.

Keywords: sandbox, sand, Esheriahia coli, Staphylococcus aureus,
Salmonella spp., Enterococcus spp.

INTRODUCTION

can be found in almost each yard and playground.
However, sand is biologically active and, if con-

Due to its organic matter content, relative humid-
ity, and pH, sand is a perfect environment for
the development of microorganisms. As it is one
of the main objects for children’s play, sandboxes
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taminated, can serve as a reservoir for pathogenic
microorganisms (Weiskerger et al., 2019).
Children, who are a high-risk group, can ac-
quire infections from sand in sandboxes: by eating
sand while playing in sandboxes, which they tend
to do, or through dirty hands they can become
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infected with enteric infections (Romao et al.,
2015). Sandboxes are often polluted with excre-
ments of dogs, cats, and rodents, or bird drop-
pings, and that is why enteric infections are
common among children (Gotkowska-Plachta,
Korzeniewska, 2015). Wright et al. (2009) found
that from a few hundred to several millions of
intestinal bacteria such as Esheriahia coli can be
found in one gram of animal faeces. For exam-
ple, a higher number of enterococci are found
in the faeces of animals (dog, cats) than in bird
droppings.

These microbes include bacteria such as
Staphylococcus aureus, E. coli, Enterococcus spp.
and Salmonella spp., which can be particular-
ly dangerous to human health. At any time of
the year, parasitic bacteria and human-associat-
ed pathogenic microbes can be detected in sand
samples (Buczek, 2017). The survival rate of
those microorganisms in the sand environment
depends on temperature, pH, humidity, inso-
lation, and nutrient availability (Gotkowska-
Plachta, Korzeniewska, 2015; Romado et al,
2015).

The ability of microorganisms to cause dis-
ease is related to their virulence, quantity, and
resistance of the organism. The number of bac-
teria in sand also depends on the season. Any
contact with pathogenic microorganisms is
a potential threat to human health. Symptoms
of infection caused by microorganisms can
be mild (mild gastrointestinal disease), severe
(inflammation of the urinary tract, respiratory
tract, and gastrointestinal tract, bone inflam-
mation) or even fatal, especially in infected chil-
dren (Mahon et al., 2010; Gotkowska-Ptachta,
Korzeniewska, 2015).

Epidemiological studies show that children
who play in the sand are more likely to catch
infection than those who do not play in it. Thus,
sand can serve as a means of spreading diseas-
es through direct contact, via sand containing
microbes, or indirectly, via contact with toys
in the sand which contain bacteria adhering to
sand (Vennewald et al., 2010; Delgado, French,
2012; Whitman etal., 2014; Gotkowska-Plachta,
Korzeniewska, 2015; Romao et al., 2015; Solo-
Gabriele et al., 2016).

The aim of this study was to evaluate the mi-
crobial contamination of sandboxes and sand
toys in the yards of apartment buildings.

MATERIALS AND METHODS

Qualitative microbiological tests were per-
formed at the microbiology laboratory of the
Department of Medical Technologies and Di-
etetics, Kaunas University of Applied Sciences,
Department of Medical Technologies and Die-
tetics, in accordance with the HN 131: 2015 and
LST EN ISO 14698-1 standard in compliance
with occupational safety rules.

The study searched for the main infectious
agents: E. coli, S. aureus, Salmonella spp. and
Enterococcus spp.

Sandboxes of children’s playgrounds in-
stalled in the public yards of Dainava residential
area of the city of Kaunas were investigated.

Samples were collected in autumn (in Oc-
tober 2022) and winter (in December 2022) in
the same place. A total of 60 samples were col-
lected: 30 samples in autumn and 30 samples in
winter. Each group of the 30 samples consisted
of ten samples from sandbox edges, ten samples
from toys in sandboxes, and ten sand samples.

Different media and reagents were used for
bacterial identification: Oxidase Reagent Drop-
per, TSI agar, Kovacs’ reagent, Simons citrate
agar medium , Urea medium, Mannitol Salt
Agar (MSA), lyophilised rabbit plasma, me-
dium containing DNA, group D serum (all
manufactured by Liofilchem, Italy), 3% hydro-
gen peroxide, and 1% hydrochloric acid (HCI)
(Labochema, Lithuania).

The microbiological test relied on the wash-
ing method (Mandell et al, 2010). Samples
from sandboxes and toys in the sand were col-
lected with a sterile swab into 1% peptone wa-
ter (PW) and the sand samples themselves into
sterile vessels. The sand samples were filtered
through a filter with distilled water and seeded
before sowing in nutrient media. The evalua-
tion of the microbiological contamination test
for washing consisted of six steps: (1) sampling,
(2) preparation and quality control of the me-
dia, (3) primary inoculation, (4) inoculation



Assessment of microbial contamination of sandboxes and toys left in sand 37

of the samples into secondary media, (5) iden-
tification of the microorganisms detected in
the samples, and (6) evaluation of the results.

Primary inoculation of samples into
the selective media. The media were prepared
according to the manufacturer’s recommen-
dations on the media packaging (Liofilchem,
Italy). Samples were seeded on Tryptone Bile
X-Gluc (TBX) agar for detected E. coli, man-
nitol salt (MDA) agar for S. aureus, Bile esculin
azide (TEAZ) agar for Enterococcus spp., and
Xylose Lysine Deoxycholate (XLD) agar for Sal-
monella spp. Samples were incubated for 24 to
48 hours with a control (unseeded) Petri dish
+37°C thermostat.

Primary evaluation of the results and in-
oculation of samples into secondary nourish-
ing media. After 24 to 48 hours of incubation,
Petri dishes showing growth of bacteria were
removed from the thermostat and re-selected.
The colour, size, and abundance of the grown
colonies were assessed by visual inspection of
the Petri dishes. The purity of bacterial cultures
was then assessed: a portion of the colony was
removed from the culture medium using a ster-
ile microbiological loop, placed on a slide, and
distributed by mixing with physiological sa-
line (NaCl). The smear was fixed with a spirit
light and stained using Gram stain. The stained
smear was microscopically immersed and
evaluated morphologically. The size, arrange-
ment, and the colour of the bacteria were ob-
served: the walls of gram-negative (-) bacte-
ria turned red, the walls of gram-positive (+)
bacteria turned blue. The growth of E. coli with
blue-green colonies was observed on TBX agar,
the growth of S. aureus was observed on MDA
agar: bacteria broke down mannitol to acids, re-
sulting in a change in the medium colour from
pink to yellow; in TEAZ agar, Enterococcus spp.
black colonies were visible and Salmonella spp.
pink colonies with a black centre were evident
in XLD.

After evaluating the morphological and cul-
tural properties of the cultured bacteria, bio-
chemical properties studies were performed to fa-
cilitate more accurate identification of the grown
bacterial colonies (Mandell et al., 2010).

E. coli identification tests:

Oxidase test. Oxidase activity was assessed
by adding Oxidase Reagent Droppers to a sin-
gle colony. E. coli bacteria did not degrade oxi-
dases, so after adding the reagent, the colour of
the colony does not change within 1-3 min.

Carbohydrate degradation. Part of the col-
ony was taken from TBX agar in a sterile micro-
biological loop and inoculated into three-sugar
iron (TSI) agar E. coli broke down all carbohy-
drates in TSI - lactose, sucrose, and glucose - to
acids and gases.

Protein degradation. Kovacs reagent was
added dropwise to a tube of tryptone water and
the formation of a pink ring was observed, in-
dicating the degradation of E. coli proteins to
indole.

Citrate degradation. Decomposition of cit-
rates was observed in Simans medium. E. coli
did not degrade citrates, so the Simans medium
did not change and remained dark green.

Urea degradation. Urea medium did not
degrade urea in E. coli, so the medium did not
change and remained yellowish in colour.

S. aureus identification tests:

Mannitol degradation. S. aureus bacteria
broke down mannitol to acids causing the me-
dium to change from pink to yellow.

Catalase test. Staphylococci were confirmed
by a positive catalase test: 3% hydrogen peroxide
was applied to a single colony. The test was posi-
tive if foaming was observed, when hydrogen
peroxide decomposed into water and oxygen.

Plasma coagulase test. Isolated pure bac-
terial culture was added to a tube containing
lyophilised rabbit plasma. The sample was in-
cubated at +37°C in a thermostat for 24 hours.
After incubation, plasma coagulation was ana-
lysed: if plasma coagulated, then the plasma co-
agulase test was positive, and if did not, the mi-
cro-organism did not coagulate the plasma.

DNA testing. The bacterium S. aureus broke
down DNA. Staphylococci were inoculated on
medium containing DNA with a microbio-
logical loop and the Petri dish was incubated at
+37°C for 24 hours. After incubation, 1% hydro-
chloric acid (HCI) was added to the control and
to the pure colony culture. The test was positive
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if a clear area formed around the spotted colony
and a grey area formed on the control dish.

Enterococcus spp. identification test:

Latex agglutination reaction test. Entero-
coccus spp. bacterium is group D Streptococ-
cus, so group D serum was used for the agglu-
tination reaction. One drop of group D serum
was applied to a special latex plate and a pure
enterococcal culture was applied with a micro-
biological loop. A positive test was indicated
by the precipitation of white precipitate during
the reaction.

Salmonella spp. identification tests:

Lysine degradation. Salmonella spp. bacte-
ria broke down lysine, so the colour of lysine
agar changed from yellow to brown-purple.

Mannitol degradation. Salmonella spp.
broke down mannitol into acids and gases caus-
ing the medium to change colour from pink to
yellow.

Carbohydrate decomposition. In TSI agar
(contains three sugars: glucose, lactose, and
sucrose) Salmonella spp. decomposed only glu-
cose to acids and gases (CO, and O,), but did
not decompose lactose and sucrose.

Citrate degradation. Decomposition of cit-
rates was determined in Simans medium; sal-
monella decomposed citrates, so the medium
changed from green to blue.

Urea degradation. Salmonella spp. did not
contain a urease enzyme, so it did not break
down urea and the medium remained yellow.

The data were analysed using IBM SPSS Sta-
tistics v26 software. Descriptive statistics (fre-
quency), group comparison (Chi-square), and
relationship calculation (non-randomness co-
efficient) were used.

RESULTS AND DISCUSSION

A total of 60 samples from same sites were test-
ed, 30 of which were taken in autumn and 30
in winter. In the washing method, indicators
of E. coli, S. aureus, Salmonella spp. and Ente-
rococcus spp. microbial contamination were
searched for.

In the 60 analysed samples, the highest de-
tected number was of Enterococcus spp. (26.7%,
16/60), E. coli (11.7%, 7/60), Salmonella spp.
(6.7%, 4/60), and the lowest number was of
S. aureus (1.7%, 1/60) (Fig. 1).

Microorganisms were detected on toys from
sandboxes (23.3%; 14/60) and the edges of
sandboxes (23.3%; 14/60) (Fig. 2). However, no
microorganisms were detected in sand itself.

In this study, E. coli bacteria were found
on the toys in the sand (4) and on sandbox
edges (3) (Fig. 2). No statistically significant
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Fig. 1. Percentage of microorganism detection in samples (N = 60)
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association was found between the growth of
E. coli and different locations of the samples
(p =0.122, p > 0.05). The higher concentration
of bacteria on the toys in the sand was due to
the fact that children were constantly touch-
ing the toys with their hands, and the toys
could remain in the sandboxes for several
years. The bacteria were not found in the sand
samples and this may have been influenced
by the fact that sand samples was taken from
the surface.

Comparison of S. aureus bacteria found at
different sites showed that only one sample
containing S. aureus bacteria was found and it
was taken from the toys in the sand (Fig. 2). No
statistically significant association was deter-
mined between growth of S. aureus and differ-
ent sample locations (p = 0.362, p > 0.05).

According to Shah et al. (2011), different
pathogenic microbes could be found in sand:
bacteria such as S. aureus, including methicil-
lin-resistant strains, protozoa such as Crypto-
sporidium spp., enterovirus, and helminths and
yeast such as Candida parapsilosis. All patho-
genic microorganisms pose the risk of infec-
tious diseases.

Vennewald et al. (2010) reported bacteria
isolated in the cases of otitis externa in chil-
dren who played with sand, such as S. aureus,
Streptococcus pyogenes, gram-negative rods,
fungal agents such as Aspergillus sp., and

Candida sp.The highest number of infected
samples in different sites contained Enterococ-
cus spp. bacteria (Fig. 2): they grew in eight
samples from both the toys in the sand and
the edges of sandboxes. A statistically signifi-
cant association was found between Entero-
coccus spp. bacterial growth in samples taken
from different sites (p = 0.004, p < 0.05). Ente-
rococcus spp. bacteria is commonly transmit-
ted via animal (birds, domestic and wild dogs,
and cats) faeces in the sand (De Graef et al,,
2005). The highest risk of sand contamination
is when sandboxes are near trees with bird
nests (Delgado, French, 2012).

In this study, Salmonella spp. bacteria were
found in samples taken from toys in the sand
(1) and from the edges of the sandbox (3). More
bacteria were found on the edges of the sand-
boxes than on the toys in the sand (Fig. 2), but
no statistically significant association was found
between Salmonella spp. bacterial growth and
different sampling sites (p = 0.153, p > 0.05).

The presence of microorganisms in sand-
boxes was analysed in Poland. The sand col-
lected from sandboxes in an unfenced hous-
ing estate was heavier infected compared with
the sand collected from sandboxes near fenced
houses and those farther from trees. The study
reported that Salmonella spp., E. coli, and En-
etrococcus spp. were detected (Gotkowska-
Plachta, Korzeniewska, 2015).
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Hauschild et al. (2002) performed an
analysis of five sandboxes in Poland. The re-
sults revealed that six species of Salmonella
and 16 species of Staphylococcus were de-
tected in sandboxes. The highest number
of microorganisms was found in summer
(June and July). The increased risk of infec-
tious diseases during summer may be due
to the high activity of humans and domestic
and wild animals at this time.

Further analysis shows that it is important to
focus on the growth of bacteria with relation to
the time of the year. The growth of E. coli bac-
teria in autumn and winter is shown in Fig. 3.
The results vary, but only slightly: the number
of bacteria found in winter (4) is slightly higher
than in autumn (3). However, no significant dif-
ference could be detected (p = 0.688, p > 0.05).
According to Schostag et al. (2015), seasonal
variations in soil moisture, temperature, and
nutrients can alter the number of bacteria and
their structure. The increased number of bac-
teria in winter may have been due to melted
snow, which is also rich in microorganisms,
and considerable temperature changes (before
sampling, the outdoor temperature was —-15°C,
the samples themselves were collected when
the air became warmer and was about -2°C).

The growth of S. aureus bacteria is compared
with regard to the season of the year (Fig. 3). No

S. aureus bacteria were found in any of the sam-
ples in autumn; however, the bacteria grew in
one sample collected in winter. Nevertheless,
no statistically significant difference was found
(p =0.313, p > 0.05).

Enterococcus spp. bacteria grew from more
samples collected in autumn (9) in compari-
son to those collected in winter (7) (Fig. 3). No
statistically significant difference was detected
(p =0.559, p > 0.05).

Bacterial growth of Salmonella spp. was also
evaluated with regard to the time of the year
(Fig. 3). The bacteria grew in four samples col-
lected in autumn and in none of the samples
collected during in winter. This difference may
have been due to higher temperatures or average
humidity levels. Observing Salmonella spp.,
a statistically significant association for bacte-
rial growth was found (p = 0.038, p < 0.05).

Regarding the results of the present study,
bacteria were found both in autumn and in
winter; however, the bacteria were different.
The highest recorded number was of Entero-
coccus spp. and E. coli bacteria, which shows
long-standing contamination with pathogenic
microorganisms of faecal origin (Gotkowska-
Plachta, Korzeniewska, 2015). In this study,
Enterococcus spp., Salmonella spp., and E. coli
were detected in the samples collected from
the edges of sandboxes and surfaces of toys
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Fig. 3. Growth of microorganisms in different seasons of the year
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during the autumn season. In winter, S. aureus
were found on the surface of toys in the sand,
Enterococcus spp. on the surfaces of the edges
of sandboxes and the surfaces of the toys in
the sand, and E. coli on the surfaces of the toys
and edges of sandboxes. No infectious agents
were detected in the sand samples during
the study. Toys can stay in sand for a long time
and more than one child plays with the same
toys, therefore bacteria accumulate on them
and there is a high risk of infection for the chil-
dren playing with them. This may be because
the sandboxes are not tightly closed and are
frequented by wild and domestic dogs, cats,
and birds.

Sand from sandboxes that are covered and
protected from contamination by animal faeces
meets the cleanliness category. Thus, protection
of sand from faecal contamination by animals is
an effective preventive measure. However, this
may not be enough: it is necessary to de-worm
pets, limit the number of unattended animals,
and raise hygiene skills in children playing in
the sandbox (Bozhko et al., 2018).

CONCLUSIONS

With regard to the diversity of microbes found
in sand, further research is needed to identify
the main microorganism and to link the mi-
crobes found in the sand with risks to human
health. All classes of microbes should be as-
sessed in an environmental assessment of sand-
boxes and playgrounds.

Received 24 January 2022
Accepted 3 March 2022

References

1. Bozhko GG, Maslennikova LA, Kovaleva IV,
Akhmetzyanova ED. Prevention of Toxocaro-
sis. Eur ] Nat Hist. 2018; 4: 46-8.

2. Buczek M. Sandy beach microbes: the good,
the bad, and the flesh-eating. ASM. 2017.

10.

11.

De Graef EM, Devriese LA, Baele M, Vancan-
neyt M, Swings J, Haesebrouck E, Decostere A.
Identification of enterococcal, streptococca-
land Weissella species inthefaecal flora of indi-
vidually owned dogs. ] Appl Microbiol. 2005;
99: 348-53.

Delgado-Velez CA, French K. Parasite-bird
interactions in urban areas: current evidence
and emerging questions. Landsc Urban Plan.
2012; 105: 5-14.

Gotkowska-Plachta A, Korzeniewska E. Mi-
crobial evaluation of sandboxes located in ur-
ban area. Ecotoxicol Environ Saf. 2015; 113:
64-71.

Hauschild T, Kachniarz J, Buczek J. Bacte-
ria isolated from sandboxes in the city. Med
Weter. 2002; 58: 513-6.

Mahon CR, Lehman DC, Manuselis G. Text-
book of diagnostic microbiology. 4th ed. W. B.
Saunders Company, Philadelphia, London,
Toronto, Montreal, Sydney, Tokyo, USA; 2010.

Mandell GL, Bennett JE, Dolin R, Kelvin GV.
Mandell, Douglas, and Bennetts Principles and
Practice of Infectious Diseases. 7th ed. Man-
dell GL, Bennett JE, Dolin R editors. Philadel-
phia, PA: Churchill Livingstone/Elsevier; 2010.

Romado D, Sabino R, Viegas C, Verissimo C,
Barroso H, Duarte A, et al. Children and sand
play: screening of potential harmful micro-
organisms in sandboxes, parks, and beaches.
Curr Fungal Infect Rep. 2015; 9: 155-63.

Schostag M, Stibal M, Jacobsen CS, Balum J,
Tas N, Elberling B, Jansson JK, Semenchuk P,
Priemé A. Distinct summer and winter bacte-
rial communities in the active layer of Svalbard
permafrost revealed by DNA- and RNA-based
analyses. Front Microbiol. 2015; 30: 399.

Shah AH, Abdelzaher AM, Phillips M, Her-
nandez R, Solo-Gabriele HM, Kish J, el al.
Indicator microbes correlate with pathogenic
bacteria, yeasts and helminthes in sand at
a subtropical recreational beach site. ] Appl
Microbiol. 2011; 110: 1571-83.



42 A. Aleksandraviciené, M. Mazeikaiteé, A. Vaiciuleviciené, Z. MaZeliené, I. Viliusiené, L.Griciuviené, D. Sakiené

12. Solo-Gabriele H, Harwood V, Kay D, Fujio-
ka R, Sadowsky M, Whitman R, Brandio J.
Beach sand and the potential for infectious
disease transmission: Observations and rec-
ommendations. ] Mar Biol Assoc UK. 2016;
96: 101-20.

13. Vennewald I, Klemm E. Otomycosis: diagno-
sis and treatment. Clin Dermatol. 2010; 28:
202-211.

14. Weiskerger C, Brandao J, Ahmed W, Aslan A,
Avolio L, Badgley B, et al. Impacts of a chang-
ing earth on microbial dynamics and human
health risks in the continuum between beach
water and sand. Water Res. 2019; 162: 456-70.

15. Whitman R, Harwood V], Edge TA, Nev-
ers M, Byappanahalli M, Vijayavel K, et al.
Microbes in beach sands: integrating environ-
ment, ecology and public health. Rev Environ
Sci Biotechnol. 2014; 13: 329-68.

16. Wright ME, Solo-Gabriele HM, Elmir S,
Fleming LE. Microbialload from animal feces
at a recreational beach. Mar Pollut Bull. 2009;
58:1649-56.

Asta Aleksandraviciené, Monika Mazeikaité,
Albina Vaidiulevi¢iené, Zaneta MazZeliené,
Ingrida Viliusiené, Loreta Griciuviené,
Daiva Sakiené

SMELIO DEZIU IR SMELYJE ESANCIU ZAIS-
LU MIKROBINES TARSOS VERTINIMAS

Santrauka
Smélis yra vienas mégstamiausiy vaiky Zzaidimy
objekty, todél smélio déziy galima rasti beveik vi-
sose daugiabuciy kiemuose jrengtose vaiky Zzai-
dimo aikstelése. Taciau smeélis dél jame esancio
organiniy medzZiagy kiekio, santykinés drégmeés
ir pH taip pat yra puiki terpé mikroorganizmams
vystytis. Vaikams Zaidziant smélio dézése su jose
paliktais Zaislais kyla pavojus uzsikrésti mikroor-
ganizmais, sukelianciais infekcines ligas. Sio darbo
tikslas buvo nustatyti skirtingus mikroorganizmus
smélio dézése, jrengtose daugiabuciy kiemy vaiky
zaidimo aikstelése. Medziaga buvo renkama rudens
ir ziemos laikotarpiais nuo smélyje palikty Zzaisly,
smélio déziy krasty pavirsiy, taip pat paimti smé-
lio méginiai. Enterococcus spp., Salmonella spp. ir
Esheriahia coli bakterijos aptiktos méginiuose, su-
rinktuose nuo smélyje esanciy Zaisly ir smélio déziy
krasty pavir$iy rudens sezono metu. Ziemg aptikta
Staphylococcus aureus ant smélyje esanciy Zaisly pa-
vir$iy ir E. coli - ant Zaisly ir smélio déziy pavirsiy.
Smélio méginiuose tyrimo metu infekciniy ligy su-
kéléjy nerasta.

Raktazodziai: smélio dézés, smélis, Esheriachia
coli, Staphylococcus aureus, Salmonella spp., Enter-

ococcus spp.



