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ABSTRACT

The antibiotic resistances of bacterial isolates from various sources have been reported worldwide. The present study 
stands for the isolation and characterization of the bacteria isolated from the toys and clothes of children collected from 
children’s day care centre of Tarakeswar, Hooghly (WestBengal, India). Seven bacterial isolates (strain code: GUTY1, 
GUTY2, GUTY3, GUTY4, GUCL1, GUCL2 and GUCL3) were procured from the samples (toys and clothes) screened. Fol-
lowing conventional phenotypic and molecular characterization it was found that the children’s clothes and toys were 
contaminated with different potential pathogenic bacteria. The isolates GUTY1 and GUCL1 were identifi ed as E. coli, 
GUTY2 as Aneurinibacillus sp., GUCL3 and GUTY4 as Bacillus cereus where as GUTY3 as Lysinibacillus sp. and GUCL2 
as Staphylococcus aureus. The disc diffusion susceptibility test revealed that the bacterial isolates had resistance to 
ampicillin only, or along with penicillin and/or rifampicin resistances.Thus, regular vigilance of antibiotic resistance of 
bacteria isolated from children’s toys and clothes is imperatively needed in order to combat the bacterial infection to the 
children especially in our part of the globe.
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INTRODUCTION

Working family members have to rely on childcare cent-
ers for providing a safe, healthy and caring environment 
for their children. Children are very susceptible to con-
tagious diseases as they have not been exposed to many 
microbial infections and also have no resistance to them, 
or sometimes have not received required immunizations 
(ARCH, 1996; Myo clinic, 2006). Children have high hand 
to mouth activity and obtain infections at an earlier age. 
Various infections have been documented in children in 
the childcare centers (Van et al, 1996). They play and eat 
close together without having proper hygiene habits.Chil-
dren having diapers are more susceptible to the spread of 
diarrheal diseases due to poor or inadequate handwash-
ing, diaper changing and environmental sanitation meas-
ures (Van et al, 1991). These contributing factors create 
infections in childcare centers. In children’s day care cen-
tre, children are commonly provided with toys and the 
safeties of these toys are usually not taken. Evidence has 
shown that belongings such as, toys and school-kits of 
children may easily be contaminated with microbes. Toys 
get passed from child to child and become contaminated 
through handling or by children putting their mouths to 
them, (Suviste, 1996, Agbulu et al 2015, Ali et al., 2016, 
Al-Easawi, et al., 2017 Johani et al., 2018).

Children are very much susceptible to microbial dis-
eases. Frequently they suffer from bacterial infections 
like pneumonia, urinary tract infections, diarrhoea, 
and so many. Most of these diseases occur due to poor 
hygiene practices. It was noticed that the children at the 
study areas had been suffering from various types of 
food-borne and water-borne diseases. There are approx-
imately 7000 newborn deaths every day, amounting to 
46% of all child deaths under the age of 5-years (WHO,  
2016). The current study has been undertaken to deter-
mine bacterial contamination of children’s toys and 
clothes from West Bengal, India and to explore the bac-
terial antibiotic resistances.

MATERIALS AND METHODS

MICROBIOLOGICAL ANALYSIS

Ten toys were collected from a children day care centre 
of Tarakeswar, Hooghly (West Bengal state, India) with 
which the children seemed to play regularly. Ten cloth 
samples (socks and shirts) of children were randomly 
selected for the microbiological examination. Toys were 
kept in sterile plastic bags. In the laboratory, 0.1% pep-
tone broth (suffi cient to cover the toy) was poured into 
the bag and the toy was then rubbed from the outside 
of the bag to make sure that organisms were mixed with 
the broth. The broth was then shaken forcefully in the 

bag to make a uniform distribution of organisms, then 
serially diluted to 10-3 dilution and cultured following 
standard techniques (Maturin and Peeler, 2001). Ten 
clothes (socks and shirts) were selected for the microbio-
logical examination. The area of clothes was swabbed 
using a sterile cotton swab, immersed in 0.1% peptone 
broth and used for culture. 

Pour plating was done on nutrient agar for total bac-
terial count and on EMB agar for total coliform (TC) 
count. After pour plating Bacteria were isolated by sterile 
loop and streaked on nutrient agar plates and incubated 
at 30±1 oC in a BOD incubator for 24 h to obtain the 
isolated colonies. Pure culture was maintained on agar 
slants for further characterization and identifi cation. 
Three replications were made for each sample tested. 
Average colony forming unit (CFU) of coliform and 
total bacteria count per milliliter of broth was recorded 
for a specifi c toy or specifi c cloth. Total bacterial count 
and TC count were categorized as ‘none detected’, ‘low’ 
(between no CFU and ≤103 CFU/mL), ‘moderate’ (>103 

CFU/mL and or ‘high’ (105 CFU/mL).

DETERMINATION OF PHENOTYPIC IDENTITY OF 

ISOLATED BACTERIA

The shape, size, colour, margin and opacity of the iso-
lated bacterial colonies were recorded. Phenotypic and 
biochemical characterization of the isolates were done 
following the standard protocol (Holt, 1984; Forbes et 
al., 2007). To study the bio-chemical properties, catalase, 
citrate utilization, nitrate reduction, indole production, 
methyl-red, Voges-Proskauer, urease, oxidase, and fer-
mentation tests were done. For qualitative determination 
of enzymes, starch hydrolysis, lipase, protein hydrolysis, 
gelatin hydrolysis tests were done.

MOLECULAR CHARACTERIZATION OF 

BACTERIAL ISOLATES

The isolated bacteria from toys and clothes were identi-
fi ed both on the basis of 16S rRNA gene sequence analy-
sis. Fingerprinting of the nucleotide was done following 
Lou and Golding (2007). The sequence data were aligned 
using the “ClustalW Submission Form” (http://www.ebi.
ac.uk/clustalw) and analyzed by ClustalW (Thompson 
et al., 1994). Evolutionary distances were calculated 
using the method of Jukes and Cantor and the phyloge-
netic tree was prepared following the neighbor joining 
method (Saitou and Nei, 1987).

BACTERIAL ANTIBIOTIC SUSCEPTIBILITY AND 

MAR INDICES 

The sensitivity of the bacterial isolates to antibiotics 
was tested following disc diffusion method (Bauer et 
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Table 1. The total bacteria count and total coli form count from children’s 
toy and cloth samples

Sample Bacterial count Contamination status

Total bacteria 
count (CFU/mL)

Total coliform 
count (CFU/mL)

Toy 1 35 × 105 15 × 105 High 

Cloth 1 21 × 102 11 × 102 Low

Toy 2 27 × 104 17 × 104 Moderate

Cloth 2 42 × 106 14 × 106 High

Toy 3 55 × 104 15 × 104 Moderate

Cloth 3 15 × 102 03 × 102 Low

Toy 4 12 × 102 07 × 102 Low

Cloth 4 11 × 104 34 × 104 Moderate

Toy 5 65 × 106 23 × 105 High 

Cloth 5 5 × 102 5 × 102 Low

Toy 6 23 × 104 17 × 104 Moderate

Cloth 6 14 × 104 05 × 104 Moderate

Toy 7 14 × 104 05 × 104 Moderate

Cloth 7 22 × 102 16 × 102 Low

Toy 8 17 × 102 13 × 102 Low

Cloth 8 25 × 105 14 × 106 High

Toy 9 17× 102 05 × 102 Moderate

Cloth 9 34× 102 03 × 102 Low

Toy 10 27 × 106 07 × 105 High

Cloth 10 45 × 104 35 × 104 Moderate

al., 1966), as mentioned earlier by Mandal et al (2011) 
and Mandal et al (2016). The antibiotic discs (Hi-Media, 
India): ampicillin (10-μg/disc), chloramphenicol (30-μg/
disc), doxycycline (30-μg/disc), penicillin G (10 units/
disc), levofl oxacin (5 μg/ disc), nalidixic acid (30-μg/
disc), and rifampicin (5-μg/disc), were used. Antibiotic 
susceptibility test results, in terms of zone diameter of 
inhibition, were interpreted following the criteria of 
CLSI (2013). The MAR indices for the isolated bacteria 
were calculated following standard methods (Maloo et 
al, 2014; Krumperman et al., 1983). 

RESULTS AND DISCUSSION 

The total bacteria count and TC count from the toys and 
clothes tested are shown in Table 1. The total bacteria 
count and TC count were categorized as ‘none detected’, 
‘low’ (between no CFU and ≤103 CFU/mL), ‘moderate’ 
(>103 CFU/mL and or ‘high’ (105 CFU/mL). Out of the 10 
toys examined 3 were highly contaminated, 4 were mod-
erately contaminated and the rest 3 had low contamina-
tion, while among 10 cloth samples tested, 2 were found 
highly contaminated, 3 were moderately contaminated 
and the rest 5 showed low bacterial contamination.

A total of 7 bacterial isolates (strain code: GUTY1, 
GUTY2, GUTY3 and GUTY4 from toy samples, and 
GUCL1, GUCL2 and GUCL3 from cloth samples) were 
procured from children’s toys and clothes.The bacte-
rial isolates GUTY1 and GUCL1 exhibited almost simi-
lar colony morphology and same biochemical proper-
ties: GUCL1 showed circular, creamy white and elevated 
colonies whereas GUTY1 formed spherical fl at whitish 
colony; both were rod shaped. The bacteria were gram-
negative non-spore forming, and were positive for cata-
lase, methyl red (MR), indole, nitrate reduction, starch 
and gelatin hydrolysis but negative for citrate utiliza-
tion, oxidase, urease, coagulase and Vogues-Proskauer 
(VP) test. The bacterial isolates: GUTY2 and GUTY3 
formed circular, white and elevated colonies and were 
gram-positive spore forming rod shaped. The GUTY2 
strain was positive for catalase, MR reaction, but nega-
tive for VP reaction, indole production, citrate activity, 
nitrate reduction, H2S production, starch hydrolysis, 
gelatin hydrolysis, urease test, oxidase, coagulase test, 
lecithinase test, mannitol methyl red test. 

The GUTY3 isolate was positive for catalase, indole, 
oxidase, nitrate reduction, starch and gelatin hydroly-
sis but negative for citrate utilization, methyl red and 
VP test. The bacterial isolate GUTY4 and GUCL3 showed 
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FIGURE 1. Phylogenetic tree constructed using partial 16S rRNA gene sequence of 
GUTY1 and GUCL1 with other neighboring 16S rRNA gene sequences retrieved from 
NCBI and RDP database.

FIGURE 2. Phylogenetic tree constructed using partial 16S rRNA gene sequence of GUTY2 
with other neighboring 16S rRNA gene sequences retrieved from NCBI and RDP database.

more or less similar colony morphology. Both of them 
produced off-white, gummy and fl at colonies with entire 
margin. GUCL3 formed spherical colonies where as 
GUTY4 formed circular colonies. Two bacterial isolates, 
GUTY4 and GUCL3, were spore forming gram-positive 
rod, and were positive for catalase, MR reaction, cit-
rate activity, nitrate reduction, H2S production, starch 
hydrolysis, gelatin hydrolysis, urease test, coagulase test, 
lecithinase test, and glucose-sucrose fermentation, but 
negative for VP reaction, indole production, oxidase and 
lactose fermentation. The GUCL2 isolate was non-spore 

forming gram-positive coccus, and positive for catalase 
test, oxidase test, H2S production and lipid hydrolysis 
but negative for MR test, indole, nitrate reduction, cit-
rate utilization, VP and urease tests as well as starch and 
gelatin hydrolysis. The microorganisms produced acid 
and/or gas from glucose but did not utilize lactose and 
mannitol.

The phylogenetic trees for 7 bacterial isolates, based on 
the partial 16S rRNA gene sequences, are represented in 
Figure 1 to Figure 5.The bacterium GUCL1 clustered with 
E. coli (AB480777, KU204888, KY672923, KY678497, 
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FIGURE 3. Phylogenetic tree constructed using partial 16S rRNA gene sequence of GUCL3 and GUTY4 with other 
neighboring 16S rRNA gene sequences retrieved from NCBI and RDP database.

FIGURE 4. Phylogenetic tree constructed using partial 16S rRNA gene sequence of GUTY3 with other 
neighboring 16S rRNA gene sequences retrieved from NCBI and RDP database.

KX789532, and DQ337505) with 63% bootstrap value 
and GUTY1 branched with E.coli (HF584704) with 99% 
bootstrap value (Figure 1).The GUTY2 isolate clus-
tered with Aneurinibacillus aneurinilyticus (AB680012, 

JN624923, NR112639, AB211028, AB210964, and 
KT318788) and Aneurinibacillus migulanus (KF534472, 
NR113764, KX083693, and JQ337949),as represented in 
Figure 2.
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The bacterial isolates GUCL3 and GUTY4 (Figure 3) 
were clustered with Bacillus cereus (LN890051, KM281941, 
HQ224510, KF150364, HM771666, LN890245, KF150374, 
KF150368, LN890064, HM348811, LN890055, KF150410, 
and LN896325). The GUTY3 isolate branched with Lysini-
bacillus sp. (GU288531) with 100% bootstrap value (Fig-
ure 4). The GUCL2 strains (Figure 4) has been clustered 
with Staphylococcus aureus (JX435813). Therefore, on 
the basis of phenotypic characteristics and phylogenetic 
tree analysis of bacterial partial 16S rRNA gene sequence, 
GUTY1 and GUCL1 were identifi ed as E. coli, GUTY2 as 
Aneurinibacillus sp., GUCL3 and GUTY4 both were iden-
tifi ed as Bacillus cereus where as GUTY3 was identifi ed as 
Lysinibacillus sp. and GUCL2 as Staphylococcus aureus.

The isolates E.coli GUTY1 and E.coli GUCL1 showed 
sensitivity to chloramphenicol, doxycycline, penicil-
lin G, levofl oxacin, nalidixic acid and rifampicin but 
resistant to ampicillin. The MAR index of E.coli (GUTY1 
and GUCL1)isolates was 0.143. Aneurinibacillus sp. the 
GUTY2 isolate showed sensitivity to chloramphenicol, 
levofl oxacin,doxycycline, rifampicin,nalidixic acid but 
resistance to ampicillin and penicillin; the MAR index 
for the strain was 0.285.The Lysinibacillus sp. GUTY3 
isolate and Bacillus cereus GUTY4 and GUCL3 isolates 
showed resistance to ampicillin with MAR index of 
0.143. The Staphylococcus aureus GUCL2 isolate had 
resistance to ampicillin, penicillin G and rifampicin with 
MAR index of 0.428.

The bacterial isolates from the toys and clothes were 
identifi ed on the basis of their phenotypic as well as 
molecular characters. Phylogenetic studies or culture 
independent techniques usually provide a better scope 

of predictable bacterial diversity in child-care environ-
ments (Kelley et al., 2004; McManus and Kelley, 2005). 
The 16SrRNA gene has been used in phylogenetic studies 
as it is evolutionary stable and highly conserved (Weis-
burg et al., 1991). Besides these highly conserved primer 
binding sites, the 16S rRNA gene sequences have hyper-
variable regions for species-specifi c signature sequences 
which are very important for the characterization and 
identifi cation of bacterial strains. The 16S rDNA based 
identifi cation of bacteria potentially offers a useful alter-
native when phenotypic characterization methods fail 
(Deancourt et al., 2000; Lee et al., 2002). It is scientifi c 
and objective method of identifi cation of microorgan-
isms (Tang et al., 1998). Present investigation revealed 
the presence of both spore-forming (B.cereus, Lysiniba-
cillus sp., Aneurinibacillus sp.) and non-spore forming 
bacteria (E.coli and Staphylococcus aureus) from toys 
provided to the children and also from the shirts or socks 
belonged to the children of the day-care centres. 

The isolated bacteria had resistance either to ampicil-
lin (Bacillus cereus GUTY4 and GUCL3) or to both the 
antibiotics: ampicillin and penicillin G (E.coli GUTY1 
and E. coli GUCL1). Current study also showed the pres-
ence of Staphylococcus aureus GUCL2 which had resist-
ance to three antibiotics: ampicillin, penicillin G and 
rifampicin. The spore-forming bacterial isolates also had 
resistance to several antibiotics. Present study revealed 
the presence of gram positive, spore-forming Bacillus 
cereus GUCL3 and Bacillus cereus GUTY4 having the 
ability to resist adverse or dry conditions and could be 
able to grow at a variable range of temperatures (Meer 
et al. 1991; Von Stetten et al. 1998; Nicholson, 2002; 

FIGURE 5. Phylogenetic tree constructed using partial 16S rRNA gene sequence 
of GUCL2 with other neighboring 16S rRNA gene sequences retrieved from 
NCBI and RDP database.
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Vilain et al, 2006). It has already been established as 
food-pathogens (Agata et al. 1995; Nester, 2004; Neely 
and Maley, 2000). The existence of Staphylococcus sp. 
was probably due to their colonization and survival on 
human skin and mucosa, without having any adverse 
effect (Kluytmans et al, 1997). 

Similar bacterial diversity was reported by Lee et al. 
(2007). Microbial survival in clothes is determined by 
intrinsic factors including cloth properties or microbial 
features and also extrinsic factors comprising of envi-
ronmental temperature, humidity etc. (Agbulu et al., 
2010). Ivory and McCollum (1999) made an attempt 
to evaluate whether the presence of specifi c types of 
toys had any infl uence on the level of interactive play 
achieved by young children and concluded that coop-
erative play was signifi cantly more common in the 
presence of social toys. McCrea et al (2000) screened 
coagulase-negative Staphylococcus, Micrococcus sp, 
Bacillus sp, methicillin-resistant Staphylococcus aureus, 
Streptococcus and coliforms from the toys provided to 
children in neonatal intensive care unit (NICU) cots and 
reported that toys may be reservoirs for potential infan-
tile nosocomial sepsis. Avila-Aguero (2004) isolated 
coagulase-negative Staphylococcus sp.; Bacillus spp; 
Staphylococcus aureus; alpha-hemolytic Streptococcus; 
Pseudomonas spp; Stenotrophomonas maltophilia, and 
other gram-negative organisms from the toys provided 
to the children in a children hospital and concluded that 
toys could be contaminated with hazardous bacteria and 
afforded unnecessary risks for nosocomial infection. 

Merriman et al (2002) reported that hard toys had 
relatively low levels of contamination in comparison 
to soft toys. According to Stauber et al., (2013) faecal 
indicator bacterial levels on toys probably varied in 
respect to the water and sanitation conditions at home. 
Buttery et al. (1998) reported that nosocomial outbreak 
was associated with toys. The current study represents 
a take-home message that care should be taken for the 
cleaning and washing of socks and shirts/frocks of chil-
dren on a regular basis. Toys in general provided to 
children in day-care centres pose an infectious risk and 
effective measures must be implemented to prevent the 
spread of infections via toys and other belongings, such 
as clothes.

CONCLUSION 

From the present study it was found that the children’s 
clothes and toys were contaminated with several kinds 
of bacteria (Staphylococcus aureus, Bacillus cereus and 
E. coli) having the capacity to cause severe illnesses, 
and such kinds of children’s belonging might act as the 
vehicle of pathogenic bacteria in the community. From 
this point of view it is important to maintain proper 

hygiene of children. Parents should be more concern 
regarding this matter. The toys and clothes must be 
cleaned properly with disinfectants before everytime 
use. Overall, regular vigilance of drug resistant bacterial 
contaminants of children’s belongings is an important 
and imperative task in order to combat life-threatening 
infection to children caused with such microbial patho-
gens.
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