



INVESTIGATION OF THE ANTIMICROBIAL SUSCEPTIBILITY PATTERNS OF MICROORGANISMS ON SURFACES OF MOBILE PHONES FROM SOME READY-TO-EAT FOOD VENDORS IN IMO STATE

ABSTRACT
Aims:
This study investigated the investigation of the antimicrobial susceptibility patterns of microorganisms on surfaces of mobile phones from some ready-to-eat food vendors in Imo State. To determine microbial load on mobile phones, isolate and identify the microorganisms and determine antimicrobial susceptibility patterns of microorganisms isolated.

Study Design: The study adopted a laboratory-based design. 

Place and Duration: The study was conducted in Imo State between January, 2025 to June 2025.

Methodology: Oral consent was sought from the food vendors within the study location in order to involve them in the study. Different sterile swab sticks moistened with sterile water was used to swab the surfaces of twenty (20) phone samples comprising ten (10) touch screen (smart phones) and ten (10) button phones. Standard microbiological methods were adopted in the isolation and identification of the microorganisms associated with the mobile phones. 

Results: Total viable bacterial counts ranged from 3.2 x 102 cfu/swab to 6.4 x 102 cfu/swab with small phones while 4.0 x 101 cfu/swab to 6.4 x 102 cfu/swab with smart android phones. Total coliform counts ranged from 3.0 x 101 cfu/swab to 4.0 x 101 cfu/swab with small phones while total coliform counts ranged from 1.0 x 101 cfu/swab to 3.0 x 101 cfu/swab with smart android phones. Total fungal counts ranged from 4.0 x 101 cfu/swab to 1.4 x 102 cfu/swab with small phones while total fungal count ranged from 2.0 x 101 cfu/swab to 6.0 x 101 cfu/swab. Small phones had highest microbial load compared to smart android phones. Bacterial isolates were; Bacillus, Klebsiella, Staphylococcus, Corynebacterium, Pseudomonas, Streptococcus and Escherichia species. Bacillus species 10(25.6%) and Staphylococcus species 10(25.6%) had the highest bacterial occurrence with small phones while Pseudomonas species 2(5.1%) had the least bacterial occurrence. For the big smart phones, Staphylococcus species 10(37.0%) had the highest bacterial occurrence while Pseudomonas species 1(3.7%) had the least bacterial occurrence. Fungal isolates were; Rhizopus, Mucor, Aspergillus and Candida species. Mucor species 5(31.3%) had the highest fungal occurrence with small phones while Rhizopus species 3(%) had the least fungal occurrence. For the big smart phones, Aspergillus species 2(33.3%) and Rhizopus species 2(33.3%) had the highest fungal occurrence while Mucor species 1(16.7%) and Candida species 1(16.7%) had the least fungal occurrence. 

Conclusion: The presence of these microorganisms could be linked to frequent usage of the phones by the users after having contact with different surfaces. Personal hygiene is highly recommended, as mobile phone can be a potential source of disease transmission.
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1. INTRODUCTION

A mobile or cellular telephone is a long-range, portable electronic device for personal telecommunications over long distances. Until the late 1980s most mobile phones were sufficiently large in that they were permanently installed in vehicles as car phones. Mobile phones have become widely spread accessories in today's life. In 2013, more than 1.6 billion smartphones were in use worldwide. In addition to the standard voice function of a telephone, mobile phones can support many additional services such as SMS for text messaging, email, packet switching for access to the Internet, and MMS for sending and receiving photos and video (Nwachukwu et al., 2022).

With all the achievements and benefits of the mobile phone, it is easy to overlook the health hazard it might pose to its many users. Mobile phones might act as fomites as they are carried with their owner to places such as toilets, hospitals, and kitchens, which are loaded with microorganisms. Unlike fixed phones, mobile phones serve as a perfect habitat for the microbes to breed– providing the higher temperature and humid conditions (Sadiq et al., 2021). 

Mobile phone usage has increased dramatically. In such environments where the percentage presence of bacteria is likely high, such as in hospitals, abattoirs, market places, and toilets, this could enhance pathogen transmission and intensify the difficulty of containing disease spread (Bodena et al., 2019; Chitlange, 2019). Mobile phones are commonly used in everywhere even in the toilet by households thereby becoming an ideal source of spread of infections through contact with contaminated hands, objects or surfaces in populations (Heyba et al., 2016; Khashei et al., 2019). 

In such environments where the percentage presence of bacteria is likely high, such as in hospitals, abattoirs, market places, and toilets, this could enhance pathogen transmission and intensify the difficulty of containing disease spread (Movahhed et al., 2018). The human skin is constantly in contact with microorganisms and becomes readily colonized by certain microbial species. The adult human is covered with approximately 2m2 of skin, with a surface area supporting about 1012 bacterial cells/person. During a phone call, the mobile phone comes into close contact with contaminated human body areas from hands to hands, and hands to other areas like the mouth, nose, and ears (Pillet et al., 2016).

Human skin is in constant contact with microorganisms and becomes easily colonized by certain microbial species. Almost every surface of adult human skin is covered with several microflora and sometimes exposed to pathogenic microbes. During a phone call, the mobile phone comes into close contact with contaminated human body areas, hand to hand, and hand to other areas such as mouth, nose and ears (Nidham, 2020). This connection may result in the transfer of potential pathogens found on the human skin to mobile phones. It was suggested that infection may be caused by telephone contact and that fears come from the device itself as a source of infection. The fact is that the phone is being used more and more in a global world (Movahhed et al., 2018).
Many users do not generally know the microbial load on many regular objects within their living and workplaces (Shalinimol, 2016). The unclean ways of handling such objects make them a cardinal reservoir of an assembly of pathogenic microorganisms (Zakai et al., 2016; Adhikari et al., 2018) thus mobile cell phones surfaces might serve as fomites in the transmission of these microbes. Several studies carried out on mobile cell phones have exhibited the presence of some microbes such as Bacillus sp., Staphylococcus aureus, Enterococcus sp., Escherichia coli, Streptococcus sp., Proteus sp., Pseudomonas aeruginosa, Klebsiella sp., Acinetobacter and coliforms on medical personnel, students and patients.
The constant handling of the phone by different users makes it open for arrays of microorganisms, making it a harbour and a breeding ground for microbes especially those associated with the skin, and, from this phone, different microorganisms are spread from user to user. During sale of foods by food vendors to customers, the hands of food vendors get in contact with the foods during dishing. Therefore, handling of mobile phones by food vendors during sale of foods could contribute to food contaminations. The alarming issue about mobile phone usage among food vendors is the unavailability of sanitary materials that can use in washing of hands after handling mobile phones. When the hands are not washed despite used in touching of different surfaces, the screens of mobile phones become the receiving object for any microorganisms contacted with the hands. 
2. MATERIALS AND METHODS
Oral consent was sought by the research student to the food sellers for their willingness to participate in the study. Thereafter, different sterile swab sticks moistened with sterile water was used to swab the surfaces of twenty (20) phone samples comprising ten (10) touch screen (smart phones) and ten (10) button phones from food vendors within Imo State using sterile swab sticks. They were transported to the laboratory for microbiological analysis. The method described by Nwachukwu et al. (2022) was adopted in the sterilization of glasswares and media. 
The method described by Helmi et al. (2017) was adopted in the isolation of microorganisms associated with the surfaces of the mobile phones from the food sellers. Swabs from sampled surfaces were inoculated in 10 ml of peptone water by cutting the swabs aseptically into the peptone water, shaking and was allowed to stand for 20 minutes. 0.1 milliliter aliquot and was dropped onto the different media in the plates. A sterile bent glass rod was used to spread the aliquot evenly on the media (nutrient agar, eosin methylene blue agar and Sabouraud dextrose agar). The plates were labeled accordingly. The inoculated plates were inverted and incubated in the incubator at a temperature of 37 0C for 24 hours except Sabouraud Dextrose agar plates were incubated at room temperature (280C) for three days. 
After the incubation, the different colonies formed on the media were counted using the digital colony counter. The total population of the colonies were expressed as colony forming unit per swab (cfu/swab). Presumptive identification of the colonies was done by observing their individual shape, colour, elevation, edge, surface, consistency and appearance on the media used for isolation. The colonies were preserved in sterile agar slants in test tubes. Purified colonies were further characterized using Gram stain and biochemical tests. Fungal isolates were identified by morphological characteristics and microscopic examination after lactophenol cotton blue staining technique. The method described by Clinical and Laboratory Standard Institute (2015) was adopted in the determination of the antimicrobial susceptibility of the isolated microorganisms. 
Table 1: Microbial plate count of the mobile phones

Mobile phones

TVBC (cfu/swab)
TFC (cfu/swab)

TFC (cfu/swab)

Big smart android phones

A


4.0 x 101 

1.0 x 101

NG

B


1.2 x 102 

NG


2.0 x 101
C


8.0 x 101 

NG


4.0 x 101
D


4.0 x 101 

4.0 x 101

6.0 x 101
E


4.0 x 102 

NG


4.0 x 101
F


4.2 x 102 

NG


NG

G


6.2 x 102 

3.0 x 101

6.0 x 101

H


6.4 x 102 

NG


4.0 x 103
I


2.0 x 102 

NG


6.0 x 101

J


6.4 x 104 

2.0 x 101

NG

Small phones

A


4.4 x 102 

NG


4.0 x 101
B


6.2 x 104 

3.0 x 101

8.0 x 101
C


5.0 x 102 

NG


1.0 x 102
D


4.0 x 102 

4.0 x 101

1.4 x 102
E


4.0 x 102 

3.0 x 101

1.4 x 102
F


3.2 x 102 

NG


8.0 x 101
G


4.2 x 102 

NG


6.0 x 101

H


5.2 x 102 

NG


8.0 x 103
I


4.0 x 102 

NG


6.0 x 101

J


6.4 x 104 

3.0 x 101

1.4 x 102
Key:
A – J = Different mobile phones
  NG = No growth      TVBC = Total viable bacterial count

TCC = Total coliform count

cfu/swab = Colony forming unit per swab

Table 2: Cultural morphology and biochemical characteristics of the bacterial isolates from the mobile phones

Morphological Characteristics   Gram reaction      Oxidase test   Indole test  Spore test   Catalase test    Citrate test   Coagulase test   Motility test                  S FT
                                                                                                                                                                                                                                            

S       B           G      H2S               Possible bacteria

Milkish, flat, rhizoid-like           Gram positive rods               -                 -                  +                  +                            -                   -                               -                       Y         Y           +         -               Bacillus species

dry-surface colonies
           in short chains

Pinkish, raised, mucoid         Gram negative rods                -                +                  -                   -                             +                  -                               +                     R         Y           +         -              Escherichia species                

colonies with 
         in diploids 
green-metallic sheen

             Yellowish, raised,                  Gram positive cocci      
 -                -                   -                   +                            -                  +                               -                   No Reaction         -         -              Staphylococcus species

non-mucoid colonies            in clusters  

Bluish-green, flat, 
        Gram negative rods                +                -                   -                   +                            -                  -                                +                    R         R            -          -              Pseudomonas species

non-mucoid colonies            in diploids

Milkish, raised, non-mucoid   Gram positive rods                 -                -                  -                   +                            -                   -                                -                   No Reaction        -          -             Corynebacterium species

regular shaped colonies

Milkish, raised, non- mucoid  Gram positive cocci           -                 -                  -                    -                              -                    -                                -                   No Reaction        -          -            Streptococcus species

colonies, with clear zones      in long straight chains

Pinkish, raised, mucoid         Gram negative rods                -                -                  -                   +                            +                   -                               -                   R          Y             -          -          Klebsiella species                 

enlarged colonies
          in short chains   

KEY:         - = Negative           + = Positive            S = color of slope  B = color of butt        G = Gas production     H2S = Hydrogen sulphide production (blackening)     R = Reddish coloration (alkaline production)  Y= Yellow coloration (Acidic production)  SFT= Sugar fermentation test    
Table 3: Frequency and percentage of the bacterial isolates from the mobile phones

Bacterial isolates


Mobile phones





Small phones
%
Smart phones
%


Bacillus species


10

25.6

6

22.2

Staphylococcus species

10

25.6

10

37.0

Klebsiella species

4

10.3

2

7.4

Pseudomonas species

2

5.1

1

3.7

Streptococcus species

4

10.3

3

11.1

Escherichia species

4

10.3

2

7.4

Total



39

100.0

27

100.0

Key:
% = Percentage  
Table 4: Cultural characterization of the fungal isolates from the mobile phones

Cultural morphology                         
Microscopy                   
Possible fungi

Whitish, raised, fluffy, cotton like      
Non-septate hyphae
             Rhizopus species

colonies that covered the plate

after three days.

Whitish, circular, colonies with light  
Septate hyphae                      
Aspergillus species

yellow reverse.

Whitish, circular, colonies with          
Non-septate with spores        
Mucor species

grey centre.



at both ends

White, creamy, circular          
           Budded yeast cells 

Candida species

colonies of about 3mm.

           in diploid

Table 5: Frequency and percentage of the fungal isolates from the mobile phones

Fungal isolates


Mobile phones





Small phones
%
Smart phones
%


Aspergillus species

4

25.0

2

33.3

Mucor species


5

31.3

1

16.7

Rhizopus species

3

18.8

2

33.3

Candida species

4

25.0

1

16.7

Total



16

100.0

6

100.0

Key:
% = Percentage  
Table 6: Antibiogram of the bacterial and fungal isolates from the mobile phones

Microbial isolates

Antibiotics/Zones of inhibition (mm)




CPX
CN
PEF
E
S
AMX
OFX
SXT
KETO.

Bacterial isolates

Escherichia spp.
18
16
20
24
-
16
18
-
-

Streptococcus spp.
18
20
18
16
-
-
-
16
-

Pseudomonas spp.
16
28
22
18
16
-
26
-
-

Enterobacter spp.
16
16
18
28
-
18
20
-
-

Klebsiella spp.

18
20
22
18
-
16
-
18
-

Staphylococcus spp.
22
20
12
18
18
-
-
20
-

Bacillus species
-
-
20
-
22
-
18
-
-

Fungal isolates

Aspergillus spp.
-
-
-
-
-
-
-
-
22

Candida species
-
-
-
-
-
-
-
-
26

Mucor species
-
-
-
-
-
-
-
-
18

Rhizopus species
-
-
-
-
-
-
-
-
20

Key:
CPX = Ciprofloxacin




CN = Gentamycin (30mcg)

PEF = Peflacine (30mcg)




E = Erythromycin



S = Streptomycin





AMX = Amoxicillin

OFX = Ofloxacin





SXT = Septrin (30mcg)

CLSI guidelines = Clinical and Laboratory Standard Institute 

R = Resistant (0 – 12 mm)




S = Susceptible (16 mm and above)

KETO. = Ketoconazole (antifungal drug)

RESULTS AND DISCUSSION
The hands are the chief organs for physical manipulation of the environment. The human hands are important organs of the human body that play a crucial role in most human movements and activities (Fakhoury & Nawas, 2018). This study investigated the antimicrobial susceptibility patterns of microorganisms on surfaces of mobile phones from some ready-to-eat food vendors in Imo State. From the results shown in Table 1, total viable bacterial counts ranged from 3.2 x 102 cfu/swab to 6.4 x 102 cfu/swab with small phones while 4.0 x 101 cfu/swab to 6.4 x 102 cfu/swab with smart android phones. Total coliform counts ranged from 3.0 x 101 cfu/swab to 4.0 x 101 cfu/swab with small phones while total coliform counts ranged from 1.0 x 101 cfu/swab to 3.0 x 101 cfu/swab with smart android phones. Total fungal counts ranged from 4.0 x 101 cfu/swab to 1.4 x 102 cfu/swab with small phones while total fungal count ranged from 2.0 x 101 cfu/swab to 6.0 x 101 cfu/swab. Small phones had highest microbial load compared to smart android phones. 

Zakarie et al. (2020) reported total viable count (TVC) of different swab samples of mobile phones in different categories ranged from 73×106 cfu/ml to 260×106 cfu/ml from mobile phones of students and employees of Hajee Mohammad Danesh Science and Technology University, Bangladesh. Similarly, Yaba et al. (2020) in their study on bacterial contamination associated with mobile cell phones among undergraduate students of Federal University of Lafia, Nasarawa State, Nigeria reported bacterial load count of 41.9 x 103 and 28.8 x 103 cfu/ml among females and males, respectively. Their results showed that the mobile cell phones used in toilets (75.0%) were highly contaminated by bacteria. 

Table 2 showed the cultural morphology and biochemical characteristics of the bacterial isolates from the small and smart android phone samples. They were; Bacillus, Klebsiella, Staphylococcus, Corynebacterium, Pseudomonas, Streptococcus and Escherichia species. Yaba et al. (2020) reported the isolation of Escherichia, Salmonella, Bacillus, Pseudomonas, Staphylococcus, Klebsiella, Micrococcus and Enterobacter species from mobile cell phones among undergraduate students of Federal University of Lafia, Nasarawa State, Nigeria. 

Nwachukwu, et al. (2022) reported on the isolation of Staphylococcus aureus, Bacillus cereus, Streptococcus, Klebsiella species and Proteus vulgaris from mobile phones among mechanics, civil servants, and food-handlers in Imo state, Nigeria from 221 mobile phones sampled. Jamalludeen (2020) reported the isolation of Staphylococcus aureus, Staphylococcus epidermidis and Pseudomonas aeruginosa from 100 samples of mobile phones used by students at Basrah Medical College, Basrah, Iraq. 

The human skin is constantly in contact with microorganisms and becomes readily colonized by certain microbial species. The adult human is covered with approximately 2m2 of skin, with a surface area supporting about 1012 bacterial cells/person. During a phone call, the mobile phone comes into close contact with contaminated human body areas from hands to hands, and hands to other areas like the mouth, nose, and ears. Moreover, physicians and paramedical staff, while attending patients, sometimes hold mobile phones close to their faces, which facilitates the transmission of bacteria from mobile surfaces to hands, thus leading to the nosocomial spread of the bacteria (Nwachukwu et al., 2022).
Table 3 showed the frequency and percentage occurrence of the bacterial isolates from the small and smart android phones. A total of 39 bacterial isolates were isolated from small phones while a total of 27 bacterial isolates were isolated from the big smart android phones. Bacillus species 10(25.6%) and Staphylococcus species 10(25.6%) had the highest bacterial occurrence with small phones while Pseudomonas species 2(5.1%) had the least bacterial occurrence. For the big smart phones, Staphylococcus species 10(37.0%) had the highest bacterial occurrence while Pseudomonas species 1(3.7%) had the least bacterial occurrence.

Rumi et al. (2020) reported prevalence of bacteria occurrence of 21 (25.6%) isolates were Staphylococcus spp, 17 (20.7%) were Bacillus spp, 16 (19.5%) were Klebsiella spp, 15 (18%) were Pseudomonas spp and 13 (15.85%) were Salmonella spp. Verma et al. (2015) reported bacterial prevalence of E. coli, E. aerogenes, Streptococcus spp. and S. aureus in the percentage of 23.53%, 23.53%, 17.65% and 35.30% respectively. 
Helmi et al. (2017) reported that Coagulase-negative staphylococci were isolated frequently (32.3%), followed by Staphylococcus aureus (18.1%), viridans streptococci (15.7%), Bacillus spp. (13.4%) and Corynebacterium spp. (11.8%). Gram-negative bacilli and other Gram-positive cocci were also isolated but at lower levels. Gram-positive cocci found on the mobile phone samples like Staphylococcus aureus and Streptococcus are opportunistic pathogens that are normal flora of the skin, glands, nose, nasopharynx, and gastrointestinal tract that can cause various infections in humans. Staphylococcus aureus is the most important Staphylococcal pathogen that causes boils, abscesses, wound infections, impetigo, toxic shock syndrome, pneumonia, and meningitis which are not unlikely as corroborated by the high population of colonies even at low dilutions. 
They can accidentally be transferred onto the skin through feacal contamination, inanimate or animate material for instances, due to improper hand washing after using the toilet. Bacillus sp. was commonly associated with mobile phones in this study as the second most occurring isolate. This finding is explained by the ubiquitous nature of this organism in the environment, since it can survive harsh conditions being one of the few organisms that can sporulate and spread when met with sub-optimal conditions. Bacillus spp. although generally considered to be of low virulence are known to be opportunist pathogens in patients predisposed to infections (Mehta et al., 2013; Nwachukwu et al., 2022).
Table 4 showed the cultural morphology and microscopic characteristics of the fungal isolates from the small and smart android phones. They were; Rhizopus, Mucor, Aspergillus and Candida species. Sadiq et al. (2020) reported the isolation of Aspergillus niger, Aspergillus flavus, Trichosporon asahii, Penicillium species, Microsporium audouinii and Alternaria species from mobile phones. 

Table 5 showed the frequency and percentage occurrence of the fungal isolates from the small and smart android phones. A total of 16 fungal isolates were isolated from small phones while a total of 6 fungal isolates were isolated from the big smart android phones. Mucor species 5(31.3%) had the highest fungal occurrence with small phones while Rhizopus species 3(%) had the least fungal occurrence. For the big smart phones, Aspergillus species 2(33.3%) and Rhizopus species 2(33.3%) had the highest fungal occurrence while Mucor species 1(16.7%) and Candida species 1(16.7%) had the least fungal occurrence. Sadiq et al. (2020) reported that Aspergillus niger (32%) was the most frequently occurring fungi mobile phones. 

The high rate of microbial contamination and the lack of consciousness of the population about disinfection procedures emphasize the necessity of educations on universal disinfection protocols and maintaining hand hygiene practices after phone usage. Hence, it is encouraged to avoid mobile phone handling while eating. Personal hygiene is highly recommended, as mobile phone can be a potential source of disease transmission.
CONCLUSION

The results of this study have shown that microorganisms are present on mobile phones used by food vendors within Imo State. The presence of these microorganisms could be linked to frequent usage of the phones by the users after having contact with different surfaces. Some of the isolated microorganisms were resistant to some drugs indicating their public health importance in human infections. It is encouraged to avoid mobile phone handling while eating. Personal hygiene is highly recommended, as mobile phone can be a potential source of disease transmission.
CONSENT

Oral consent was sought from the food vendors before they were involved in the study. Only vendors that gave their consent were selected for the study.

REFERENCES
Adhikari, S., Khadka, S., Sapkota, S., & Shrestha, P. (2018). Methicillin resistant Staphylococcus aureus associated with mobile phones. SOJ Microbiology of Infectious Disease, 6(1), 1-6.

Bodena, D., Teklemariam, Z., Balakrishnan, S., & Tesfa, T. (2019). Bacterial contamination of mobile phones of health professionals in Eastern Ethiopia: antimicrobial susceptibility and associated factors. Tropical Medicine Health, 47, 15 – 20.

Chitlange, P.R. (2019). Short communication: Contamination of cell phones by pathogenic microorganisms: Comparison between hospital staff and college students. Nusantara Bioscience, 6, 203-206. 
Clinical and Laboratory Standard Institute (2015). Performance Standards for Antimicrobial Susceptibility Testing: Nineteenth Informational Supplement. Wayne, Pennsylvania: Clinical and Laboratory Standards Institute. 
Fakhoury, S., & Nawas, T. (2018). Contamination of the internal handles/knobs of public restroom doors with potentially pathogenic bacteria. International Journal of Current Microbiology and Applied Sciences, 7(3), 3434-3440.
Helmi, M., Noof, R., & Razina, M. (2017). Isolation of bacteria from mobile phones before and after decontamination: Study carried out at King Abdulaziz University, Jeddah, Saudi Arabia. African Journal of Microbiology Research, 11(35), 1371 – 1378.
Heyba, M., Ismaiel, M., Alotaibi, A., Mahmoud, M., Baqer, H., Safar, A. et al. (2015). Microbiological contamination of mobile phones of clinicians in intensive care units and neonatal care units in public hospitals in Kuwait. BMC Infectious Diseases, 15, 434 – 438.

Jamalludeen, N. M. (2017). Efficacy of tap water or tap water and soap on Hand washing to remove hands contaminated bacteria. International Journal of Safety and Environmental Research, 8(7), 45 – 56. 

Khashei, R., Ebrahim-Saraie, H.S., Hadadi, M., Ghayem, M., & Shahraki, H. R. (2019). The occurrence of nosocomial pathogens on cell phones of healthcare workers in an Iranian tertiary care hospital. Infection Disorder and Drug Targets, 19, 327-333. 

Movahhed, T., Dehghani, M., & Ghoddusi, T. (2018). Evaluation of microbial contamination of mobile phones and computer mice and keyboards in a dental school. Journal of Disease Management and Treatment, 7, 75-82. 

Nidham, M. J. (2020). Bacterial contamination associated with mobile phones used by students at Basrah Medical College, Basrah, Iraq. The Medical Journal of Basrah University, 38(1), 58-66.

Nwachukwu, M. O., Nmezi, S. N., Adjeroh, L.A., Azorji, J. N., & Onyebuagu, P. C. (2022). Isolation and identification of bacteria on mobile phones among mechanics, civil servants, and food-handlers in Imo state, Nigeria. Journal of Environmental Treatment and Technology, 10(2), 170 – 177.

Pillet, S., Bethelot, P., Brunon, A.G., Mory, O., Gay, C., Viallon, A., et al. (2016). Contamination of healthcare workers’ mobile phones by epidemic viruses. Clinical Microbiology and Infection, 22, 1-46. 

Sadiq, T., Arikan, A., Sanlidag, T., Guler, E., & Suer, K. (2021). Big concern for public health: microbial contamination of mobile phones. Nigerian Journal of Basic and Applied Science, 28(2), 36-42.

Shalinimol, C. R. (2016). Identification and evaluation of Bacillus species bacteria from Sago Industrial Waste, DJ. International Journal of Advances in Microbiology and Microbiological Research, 1(1), 1-6.

Yaba, Y., Chuku, A., Okposhi, U. S., Hadi, N. S., & Ramalan, S. A. (2020). Bacterial contamination associated with mobile cell phones among undergraduate students of Federal University of Lafia, Nasarawa State, Nigeria. Journal of Infection in Developing Countries, 15(6), 798-804.
Zakarie, A.H., Hossian, K., Rumi, N., Rahman, S., Kundu, T., & Mohamed, A. (2020). Isolation and identification of bacteria from mobile phones of students and employees of Hajee Mohammad Danesh Science and Technology University, Bangladesh. Asian Journal of Medical and Biological Research, 6(3), 570 – 576.
Yomi, A.A. (2020). Non-Chinese smartphones: These phones are not made in China - MobilityArena.com". mobilityarena.com.

Zakai, S., Mashat, A., Abumohssin, A., Samarkandi, A., Almaghrabi, B., Barradah, H., et al. (2016). Bacterial contamination of cell phones of medical students at King Abdulaziz University, Jeddah, Saudi Arabia. Journal of Microscopy and Ultrastructure, 4(3), 143-146.

1

