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ABSTRACT

OBJECTIVES: To carry out the bacteriological analysis of cell phones of the multidisciplinary health team of a Municipal 
Health Unit in Belém, Pará State, Brazil; establish the sensitivity profile of the species found; and evaluate the adopted 
hygiene measures and the level of knowledge about microbial contamination. MATERIALS AND METHODS: This is an 
analytical cross-sectional study in which questionnaires were applied and samples were collected from cell phones surfaces 
and cases. The samples were cultivated in blood agar and MacConkey medium, and bacterial identification was done 
through the application of specific tests. The antimicrobial sensitivity test was also performed using the disk diffusion method. 
RESULTS: Thirty-eight professionals participated in the study. Bacteria were detected in 94.7% (36/38) of the cell phones, 
with a predominance of Gram-positive species (82.2%) and, among these, 89.1% were resistant to penicillin G. The 
most prevalent species was Staphylococcus aureus (51.1%). Most respondents reported using the cell phone everywhere 
(97.4%) and during patient care (78.9%), 76.3% used to share it with other people, 68.4% washed their hands before or 
after using it and before patient care (92.1%), and 39.4% cleaned more than once a week with 70% alcohol (57.9%). In 
addition, most participants had a satisfactory level of knowledge about the microbial contamination of mobile phones; 
however, the samples from these professionals were significantly contaminated. CONCLUSION: Adopting correct personal 
and cell phone hygiene measures is essential to reduce the spread of bacteria between health professionals and patients.
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RESUMO

OBJETIVOS: Realizar a análise bacteriológica de aparelhos celulares da equipe multiprofissional de uma Unidade Municipal 
de Saúde de Belém, Pará, Brasil; estabelecer o perfil de sensibilidade das espécies encontradas; e avaliar as medidas de 
higienização adotadas e o nível de conhecimento sobre contaminação microbiana. MATERIAIS E MÉTODOS: Trata-se 
de um estudo analítico transversal, no qual foram aplicados questionários e coletadas amostras das superfícies e capas 
dos aparelhos celulares. As amostras foram semeadas nos meios ágar sangue e MacConkey, e a identificação bacteriana 
ocorreu pela aplicação de provas específicas. Foi realizado o teste de sensibilidade antimicrobiana pelo método de difusão 
de discos. RESULTADOS: Participaram do estudo 38 profissionais. Foram detectadas bactérias em 94,7% dos celulares, 
predominando espécies Gram-positivas (82,2%) e, dentre essas, 89,1% mostraram-se resistentes à penicilina G. A espécie 
mais prevalente foi Staphylococcus aureus (51,1%). A maioria dos investigados relatou fazer uso do celular em todos 
os lugares (97,4%) e durante o atendimento (78,9%), 76,3% compartilhavam com outras pessoas, 68,4% realizavam 
a lavagem das mãos antes ou após utilizá-lo e antes do atendimento aos pacientes (92,1%) e 39,4% faziam a limpeza 
mais de uma vez na semana com álcool 70% (57,9%). Além disso, a maioria apresentou um nível de conhecimento 
satisfatório sobre a contaminação microbiana dos telefones móveis; no entanto, as amostras estavam significativamente 
contaminadas. CONCLUSÃO: Ressalta-se a importância da adoção de medidas corretas de higienização pessoal e dos 
dispositivos, de modo a reduzir a propagação de bactérias entre os profissionais e os pacientes.

Palavras-chave: Telefone Celular; Pessoal de Saúde; Análise Bacteriológica; Antibiograma; Lavagem de Mãos.

Bacteriological analysis of cell phones in a public health 
service in Belém, Pará State, Brazil
Análise bacteriológica de aparelhos celulares em um serviço público de saúde em 
Belém, estado do Pará, Brasil

Beatriz Modesta Moreira1 , Kássia Larissa Pinto Carvalho1 , Danylo Duran Silva Santos1 , Laine Celestino Pinto1,2

1 �Centro Universitário Metropolitano da Amazônia, Belém, Pará, Brasil
2 �Universidade Federal do Pará, Laboratório de Neuropatologia Experimental, Belém, Pará, Brasil

doi: 10.5123/S2176-6223202200894

ORIGINAL ARTICLE | ARTIGO ORIGINAL

https://orcid.org/0000-0002-4004-0758
https://orcid.org/0000-0002-4784-5188
https://orcid.org/0000-0001-9912-1475
https://orcid.org/0000-0003-4246-5714


Rev Pan Amaz Saude 2022;13:e202200894 – e-ISSN: 2176-62232/11

Moreira BM, et al. Bacteriological analysis of cell phones in a public health service in Belém, Pará State, Brazil

INTRODUCTION

Cell phones are indispensable accessories for 
individuals in the social and professional sphere, and 
are often used by health professionals as an additional 
tool in diagnosing, monitoring, and treating patients in 
the nosocomial environment1. In this context, improper 
handling of these objects favors the growth and 
propagation of microorganisms, which can occur in two 
ways: indirectly, through aerosols; or direct, by contact 
with the mouth, ears, or skin2,3,4.

The use of mobile phones in hospital environments is 
constant among health professionals. When associated 
with inadequate hand and fomite hygiene, it results in 
contamination of these objects, which increases the risk 
of healthcare-associated infections (HAIs)2,5,6,7. HAIs 
occur in the hospital environment or other care units 
and are related to procedures performed by health 
professionals and the period of hospitalization in these 
places, regardless of the duration1,8.

Among the health care facilities, the Basic Health 
Units (Unidade  Básica  de  Saúde  –  UBS) stand out, 
responsible for providing primary care and various 
services, from educational activities to minor surgical 
procedures1,9,10. In this way, these environments are 
conducive to microbiological proliferation because of 
the activities that expose both professionals and patients 
to risks of developing HAIs10,11,12.

In Brazil, studies have been carried out to investigate 
the prevalence of bacteria on surfaces of cellular 
devices of professionals in hospital environments. In 
these were found pathogenic bacteria, such as 
species of the genus Staphylococcus, the main ones 
were Staphylococcus aureus1,4,6,13,14, Staphylococcus 
epidermidis4, and Staphylococcus saprophyticus4; 
Streptococcus spp.14; and enterobacteria, such as 
Escherichia coli4,14, Enterobacter spp.4, Salmonella sp.4, 
Shigella sp.4, Pseudomonas sp.4,14, Proteus sp.4, and 
Klebsiella sp.4,14. However, no studies were carried out in 
UBS in Brazil, which reinforces the need for investigation 
in local health care services units.

It is essential to highlight that, in several UBS, 
protocols of norms and routines regarding hand 
washing, dressings, sterilization, and cleaning of 
environments are not adequately applied10,11,12. Thus, 
the objectives of the present study are: to carry out 
the bacteriological analysis of cell phones of the 
multi-professional health team of a Municipal Health 
Unit (Unidade Municipal de Saúde – UMS) in Belém, 
Pará State; establish the sensitivity profile of the 
species found; to evaluate the practices and hygiene 
measures adopted, and the level of knowledge of these 
professionals about microbial contamination.

MATERIALS AND METHODS

This is an analytical cross-sectional study, carried 
out with health professionals from the Benguí II UMS, 
located in Belém, in the Administrative District of 
Benguí (DABEN), between September and November 
2020. Questionnaires were applied, and samples were 
collected from respondents' cell phones. The sample 

number was obtained using the random sampling 
technique.

Only professionals who were present and who used 
cell phones in the unit were included in the research.

The figure 1 describes the adopted collection and 
laboratory analysis procedures.

COLLECTION

Participants answered a multiple-choice questionnaire 
covering sociodemographic issues (gender, age, and 
profession), cell phone use and hygiene, and the level of 
knowledge about microbial contamination.

The sample collection was carried out using a 
sterile swab, which was rubbed on the front, side, and 
back surfaces and on the protective covers of the cell 
phones of each professional15. Then, the samples were 
stored in tubes containing the Stuart transport medium, 
identified, and immediately transported in a thermal box 
at room temperature to the UNIFAMAZ Microbiology 
Laboratory16.

LABORATORY ANALYSIS

The swabs were inoculated in blood agar and 
MacConkey culture medium through the qualitative 
streaking technique15,17. After the streaking, the 
culture plates were incubated in an oven at 37 °C for 
24 h. Subsequently, bacterial growth was analyzed, 
and tests that showed at least one bacterial colony 
were validated as positive. In cases where no growth 
occurred, it was returned to the oven for another  
24 h15.

The morphological identification of the bacteria 
isolated in the blood agar medium was performed 
using the Gram staining technique15. The catalase test 
was performed regarding the microorganisms identified 
as Gram-positive cocci, and for the positive ones, 
it was performed the coagulase test. In the case of 
negative coagulase, a sensitivity test to novobiocin was 
performed18.

The colonies isolated on MacConkey agar 
were submitted to Gram stain for morphological 
determination and to the oxidase test. Gram-negative 
bacilli that obtained negative or positive results were 
cultivated in Rugai medium with lysine (Laborclin®, 
Pinhais, Brazil)15. In inconclusive cases, Bactray systems 
I (oxidase negative) and III (oxidase positive) (Laborclin®, 
Pinhais, Brazil) were used to carry out additional 
biochemical tests.

The antimicrobial sensitivity testing (AST) of the 
isolates was developed through the disk diffusion 
method, following the recommendations of the Clinical 
Laboratory Standard Institute. The discs were selected 
according to the most commonly used antibiotics for 
the treatment of the most prevalent bacteria16, namely: 
cephalothin (30 µg), ciprofloxacin (5 µg), clindamycin 
(2 µg), chloramphenicol (30 µg), gentamicin (10 µg) 
and penicillin G (10 µg), for Gram-positive bacteria; 
and ampicillin (10 µg), cefepime (30 µg), imipenem 
(10 µg), meropenem (10 µg), norfloxacin (10 µg), and 
tetracycline (30 µg), for Gram-negative bacteria.
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Figure 1 – �Flowchart of activities for bacterial identification of cell phone samples collected at Benguí II UMS in Belém, Pará, Brazil, 
from September to November 2020
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Negative quality control was performed to verify the 
colony's growth by incubating the culture medium in 
an oven at 37 °C for 24–48 h. Positive quality control 
was performed by detecting strains sensitive to various 
antibiotics (E. coli ATCC 29522) and resistant to all 
antibiotics (Klebsiella pneumuniae ATCC 700603D-5).

STATISTICAL ANALYSIS

Data were analyzed using descriptive statistics, using 
the Microsoft Excel® program 2016. The chi-square 
test (χ2) was performed in the BioEstat® v5.0 software 
to verify statistically significant differences between 
the variables surveyed in the questionnaire and the 
percentages of bacterial contamination found on the 
cell phones of healthcare professionals. The significance 
level was p < 0.05.

ETHICAL ASPECTS

The study was approved by the Research Ethics 
Committee of the Centro Universitário Metropolitano 
da Amazônia (UNIFAMAZ), under nº 4,287,148, on 
September 18, 2020. The health professionals who 
agreed to participate in the study signed the Free and 
Informed Consent Form, in which the confidentiality and 
privacy of the information obtained were assured.

RESULTS

Among the 40 health professionals who worked at 
the Benguí II UMS, 38 agreed to participate in this study, 
with a response rate of 95.0%. As for sociodemographic 
factors, it was possible to observe a predominance of 
females (94.7%), age group between 22 and 39 years 
(55.3%), and professional nursing technician category 
(34.3%) (Table 1).

Bacteria were detected in 94.7% (36/38) of the 
cell phones. Among these, 80.6% (29/36) contained 
one, and 19.4% (7/36), more than one bacterial 
species, totaling 45 identified species. There was a 
predominance of Gram-positive species 82.2% (37/45), 
and the most prevalent bacterium was S. aureus 
(51.1%; 23/45), followed by S. epidermidis (20.0%; 
9/45). Among Gram-negative species, Enterobacter 
spp. (6.7%; 3/45) and Klebsiella pneumoniae (6.7%; 
3/45) were the most prevalent (Figure 2).

After performing the AST, greater sensitivity of 
Gram-positive species was observed regarding the 
antibiotics tested, except for penicillin G, in which 
the resistance rate stood out in all species. On the 
other hand, Gram-negative bacteria K. pneumoniae, 
E. coli, and Enterobacter spp. were more resistant to 
ampicillin. Enterobacter spp. was also more resistant 
to cefepime and norfloxacin. K. pneumoniae and 
Enterobacter spp. showed resistance to the carbapenems 
imipenem and meropenem. Pseudomonas spp. was 
sensitive to all antibiotics tested (Table 2).

Regarding the use of cell phones, most professionals 
(97.4%) reported using them everywhere, and 78.9% 
confirmed their use during patient care. In addition, 
these devices were significantly more contaminated 
compared to those that did not have the same behavior 
(p < 0.0001; p = 0.0005, respectively) (Table 3).

Sharing the cell phone with other people was a 
regular practice among 76.3% of respondents. These 
devices showed greater bacterial contamination than 
those not shared (p = 0.0015) (Table 3).

Most participants (68.4%) declared to sanitize their 
hands before or after using the cell phone; however, 
there was no significant difference in the positive 
samples between those who performed the cleaning 
or not (p = 0.0668). There was a predominance of 
professionals (92.1%) who reported washing their hands 
before caring for patients, but the level of contamination 
was significantly higher when compared to those who 
did not do this procedure (p < 0.0001) (Table 3).

As for the frequency of cleaning their cell phones, 
39.4% performed this practice more than once a 
week. The number of positive samples was higher in 
devices that were cleaned more than once a week, 
compared to those that were cleaned more than once 
a day or less frequently (p = 0.0133). Although the 
majority stated that they cleaned the device with 70% 
alcohol (57.9%), their cell phones were significantly 
contaminated by bacteria compared to those who did 
not follow this procedure (p = 0.0023) (Table 3).

Overall, 42.1% of respondents (16/38) got five of 
the six questions right about knowledge about microbial 
contamination, and 23.7% (9/38) got the maximum 
number of correct answers.

Table 1  – � Sociodemographic information of healthcare 
professionals interviewed at Benguí II UMS 
in Belém, Pará, Brazil, from September to 
November 2020

Variables N %

Gender

Female 36 94.7

Male 2 5.3

Age group (years)

22 to 39 21 55.3

40 to 50 12 31.6

51 to 63 5 13.1

Profession

Community health agent 6 15.8

Biomedic 1 2.6

Dentist 1 2.6

Nurse 7 18.5

Pharmacist 1 2.6

Physician 3 7.9

Nutritionist 1 2.6

Psychologist 1 2.6

Nursing technician 13 34.3

Oral health technician 3 7.9

Occupational therapist 1 2.6
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Table 2 – �Sensitivity profile of bacteria identified in cell phone samples from Benguí II UMS professionals in Belém, Pará, 
Brazil, from September to November 2020

Bacteria
Gram-positive

Antibiotics

CPL CIP CLI CLO GEN PEN

N % N % N % N % N % N %

S. aureus
S 18 78.2 20 86.9 17 73.9 22 95.6 18 78.2 2 8.7
I 1 4.4 1 4.4 1 4.4 – – 1 4.4 – –
R 4 17.4 2 8.7 5 21.7 1 4.4 4 17.4 21 91.3

S. epidermidis
S 9 100.0 8 88.9 4 44.4 8 88.9 9 100.0 2 22.2
I – – – – – – – – – – – –
R – – 1 11.1 5 55.6 1 11.1 – – 7 77.8

S. saprophyticus
S 3 100.0 2 66.7 3 100.0 3 100.0 3 100.0 – –
I – – – – – – – – – – – –
R – – 1 33.3 – – – – – – 3 100.0

Staphylococcus spp.
S 1 50.0 2 100.0 1 50.0 1 50.0 1 50.0 – –
I – – – – – – – – – – – –
R 1 50.0 – – 1 50.0 1 50.0 1 50.0 2 100.0

Bacteria
Gram-negative

Antibiotics

AMP CPM IMP MPM NOR TET

N % N % N % N % N % N %

K. pneumoniae
S 1 33.3 2 66.7 1 33.3 2 66.7 2 66.7 2 66.7
I – – – – 1 33.3 – – – – – –
R 2 66.7 1 33.3 1 33.3 1 33.3 1 33.3 1 33.3

E. coli
S – – 1 100.0 – – 1 100.0 1 100.0 1 100.0
I – – – – 1 100.0 – – – – – –
R 1 100.0 – – – – – – – – – –

Enterobacter spp.
S – – – – 2 66.7 2 66.7 1 33.3 1 33.3
I – – – – – – – – – – 1 33.3
R 3 100.0 3 100.0 1 33.3 1 33.3 2 66.7 1 33.3

Pseudomonas spp.
S 1 100.0 1 100.0 1 100.0 1 100.0 1 100.0 1 100.0
I – – – – – – – – – – – –
R – – – – – – – – – – – –

S: Sensitive; I: Intermediary; R: Resistant; CPL: Cephalothin; CIP: Ciprofloxacin; CLI: Clindamycin; CLO: Chloramphenicol; GEN: Gentamicin; PEN: 
Penicillin G; AMP: Ampicillin; CPM: Cefepime; IMP: Imipenem; MPM: Meropenem; NOR: Norfloxacin; TET: Tetracycline. Conventional sign used: – 
Numeric data equal to zero, not resulting from rounding.

Figure 2 – �Bacterial species found on the cell phones of healthcare professionals at Benguí II UMS 
in Belém, Pará, Brazil, from September to November 2020
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When analyzing the low-complexity questions, 
100.0% of the professionals knew which personal 
protective equipment should be used during the routine 
(p < 0.0001) and knew the correct way of hand 
hygiene in their work environment (p < 0.0001). In the 
medium complexity questions, 78.9% answered that 
the cell phone could be a way of transmitting diseases 
(p = 0.0015), and 81.6% knew which bacteria are 
frequently found in this object (p = 0.0005). However, 
the cell phones of these individuals showed a higher 
prevalence of bacteria than those who did not answered 
correctly (Table 4).

In the highly complex questions, it was found that 
68.4% considered essential cleaning the cell phone 

during the work routine (p = 0.0668), and 50.0% 
knew the reason for the implementation of biosafety 
standards aimed at the use of cell phones in health 
services (p = 1.000). However, the samples' microbial 
contamination was similar in all devices, regardless of 
the alternative marked in the questionnaire (Table 4).

DISCUSSION 

A cell phone is an object capable of harboring 
microorganisms, becoming a possible way of transmitting 
bacteria between professionals and their patients5,14. 
Thus, the present study identified a high rate of bacterial 
contamination in 94.7% (36/38) of the mobile devices of 
professionals working in a UMS in Belém. 

Table 3 – �Habits of use and hygiene of the cell phone of Benguí II UMS professionals in Belém, Pará, Brazil, from 
September to November 2020

Variables
Total Positive samples

P-value*

N % N %

Use the cell phone everywhere

Yes 37 97.4 35 97.2
< 0.0001

No 1 2.6 1 2.8

Cell phone use during patient care

Yes 30 78.9 29 80.6
0.0005

No 8 21.1 7 19.4

Sharing personal cell phone with other people

Yes 29 76.3 28 77.8
0.0015

No 9 23.7 8 22.2

Hand washing before or after cell phone use

Yes 26 68.4 24 66.7
0.0668

No 12 31.6 12 33.3

Hand washing before patient care 

Yes 35 92.1 33 91.7
< 0.0001

No 3 7.9 3 8.3

Frequency of cell phone cleaning

More than once a day 11 28.9 10 27.8

0.0133

More than once a week 15 39.4 14 38.9

Weekly 5 13.2 5 13.9

Monthly 2 5.3 2 5.5

Never 5 13.2 5 13.9

Cell phone cleaning method

None 4 10.5 4 11.1

0.0023With 70% alcohol 22 57.9 21 58.3

Other 12 31.6 11 30.6

* P-value obtained by the chi-square test (p < 0.05).
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This investigation was the first carried out in the 
Northern Region of Brazil regarding detecting bacteria 
in these objects in a health care environment. Studies 
with similar results, conducted with health professionals 
in the hospital environment in Ethiopia and Colombia, 
showed a bacterial contamination rate of 94.2% 
(213/226)14 and 97% (38/39)1, respectively. In 
Brazil, a survey carried out with students and health 
professionals from an Intensive Care Unit in Rio de 
Janeiro also showed a similar result, with 100% (50/50) 
of contaminated phones6, reinforcing the importance of 
adopting control measures to prevent the occurrence of 
HAIs associated with contact with these fomites.

In this study, Gram-positive bacteria were 
predominant (82.2%; 37/45) compared to Gram- 
negative bacteria 17.8% (8/45), which corroborates 
a study carried out on cell phones of health 
professionals in a hospital in Ethiopia, in which the 
frequency of Gram-positive was 79.2% (171/216) and 
Gram-negative, 20.8% (45/216)14. Likewise, Nunes 

and Siliano15, when investigating the cell phones of 
university students in São Paulo, identified a higher 
proportion of Gram-positive bacteria when compared to 
Gram-negative bacteria. 

The high prevalence of Gram-positive bacteria 
in the devices is possibly related to their presence in 
the normal human microbiota and their resistance to 
drying, a factor that favors adherence and survival in 
the environment. On the other hand, the low frequency 
of Gram-negative bacteria can be explained because 
they are transient microorganisms, and can be easily 
removed by performing adequate hand hygiene with 
soap and water2.

Regarding the identified species, S. aureus was 
prevalent in 51.1% (23/45) of the samples, as well as 
in studies carried out with university students, health 
professionals, and food handlers4,5,15. These bacteria 
are present in the skin microbiota of individuals 
and can colonize various objects, such as phones, 
doorknobs, and others. In addition, it is the most 

Table 4 – �Analysis of the knowledge of Benguí II UMS professionals on microbial contamination in Belém, Pará, Brazil, 
from September to November 2020

Variables
Complexity 

level

Total Positive samples
p* value

N % N %

Personal protective equipment that health professionals 
must use during a work routine

Low

Correct alternative 38 100.0 36 100.0
< 0.0001

Incorrect alternative – – – –

The correct form of hand hygiene in a health service Low

Correct alternative 38 100.0 36 100.0
< 0.0001

Incorrect alternative – – – –

Cell phones as a way of transmitting diseases Medium

Correct alternative 30 78.9 28 77.8
0.0015

Incorrect alternative 8 21.1 8 22.2

Types of bacteria found on cell phones Medium

Correct alternative 31 81.6 29 80.6
0.0005

Incorrect alternative 7 18.4 7 19.4

Importance of cell phone hygiene while working High

Correct alternative 26 68.4 24 66.7
0.0668

Incorrect alternative 12 31.6 12 33.3

Implementation of biosecurity standards aimed at the use 
of cell phones in health services

High

Correct alternative 19 50.0 18 50.0
1.000

Incorrect alternative 19 50.0 18 50.0

* p-value obtained using the chi-square test (p < 0.05). Conventional sign used: – Numeric data equal to zero, not resulting from rounding.



Rev Pan Amaz Saude 2022;13:e202200894 – e-ISSN: 2176-62238/11

Moreira BM, et al. Bacteriological analysis of cell phones in a public health service in Belém, Pará State, Brazil

frequent Gram-positive pathogen in hospital infections, 
causing skin and subcutaneous problems from anthrax, 
furuncle, impetigo, and cellulitis to systemic involvement, 
including bacteremia, endocarditis, pneumonia, 
septicemia, and others18.

The occurrence of S. epidermidis (20.0%; 9/45) 
and S. saprophyticus (6.7%; 3/45) was an important 
finding, which was also observed in cell phones of 
university students, health professionals, and food 
handlers in Rondônia State, where these species were 
observed in 11.7% (7/60) and 40.0% (24/60) of the 
samples, respectively4. The bacteria S. epidermidis can 
be found on the skin and mucous membranes, and it 
is considered an opportunistic pathogen, which can 
cause systemic infections18. The S. saprophyticus is often 
found in the genitourinary region, triggering urinary tract 
infections17,18.

Enterobacter spp., E. coli, and K. pneumoniae, 
belonging to the family Enterobacteriaceae, were 
identified among the Gram-negative bacteria isolated 
in this study. Enterobacteria are capable of causing 
infections in humans and can be found in water, soil, 
vegetables, and food19. These bacteria may indicate 
contamination of fecal origin19, which reinforces the 
importance of hand and cell phones hygiene.

In an analysis carried out with professionals and 
students from a health center in Alexandria, Egypt, 
K. pneumoniae was identified in 7.5% (3/40) of cell 
phone samples and E. coli in 12.5% (5/40)20. These 
data differ from the present study, which found 6.7% 
(3/45) and 2.2% (1/45) of these species, respectively.

K. pneumoniae is an opportunistic pathogen, 
as it has virulence factors such as capsule, 
lipopolysaccharides, and fimbriae. It is associated 
with pneumonia, urinary tract infections, and hospital 
infections21.

Strains of E. coli reside in the colon without causing 
harm to the body of healthy individuals. However, 
some pathogenic strains are capable of triggering 
intestinal and extraintestinal problems in hosts, such as 
gastroenteritis, urinary infections, and even septicemia18.

Enterobacter spp. is present in the intestinal tract 
of humans and animals and can cause pneumonia 
and urinary tract infections18. In the present study, 
6.7% (3/45) of the samples were contaminated by this 
bacterium, as in the investigation by Araújo et  al.4, 
which identified 38% (8/21) of this microorganism in 
cell phones, indicating enteric contamination.

In the present study, another relevant finding 
was the identification of Pseudomonas spp. in 2.2% 
(1/45) of the samples. This bacterium was also found 
by Bodena et  al.14 in 3.7% (8/216) of cell phone 
samples from healthcare professionals at a hospital 
in Ethiopia. Despite being found less frequently in 
this analysis, the detection of a bacterium considered 
opportunistic is an alert. This pathogen can adapt to the 
environment, which is related to virulence factors, such 
as the ability to adhere and form a biofilm, favoring 
high resistance to disinfectants and antibiotics18,22.

Antimicrobial resistance is a public health problem, 
especially regarding recurrent infections in hospital 
environments23,24,25. As for the antimicrobial susceptibility 
profile, all bacterial species isolated were resistant 
to at least one antibiotic. This finding may reflect the 
indiscriminate use of antibiotics for different reasons, 
such as self-medication, inappropriate dosages, errors 
during drug prescription, or intrinsic resistance26,27.

As for the results of the AST, the antimicrobial 
chloramphenicol, which has a bacteriostatic action26, 
was effective against most Gram-positive bacteria 
detected on cell phones, with the highest sensitivity 
rates. This sensitivity profile was observed in other 
studies carried out with the mobile devices of healthcare 
professionals in hospitals14,20.

Concerning penicillin G, a high resistance profile 
was detected in Gram-positive species. This data 
agrees with studies carried out in different parts of the 
world13,23. Stuchi et  al.13 reported that more than 70% 
of strains isolated of S.  aureus and S.  epidermidis 
were resistant to this antibiotic, both in the hospital 
environment and in the community, confirming the 
reduction of its effectiveness against staphylococcal 
infections.

Regarding the antibiotics tested against 
Gram-negative bacteria, higher sensitivity rates to 
meropenem, a broad-spectrum β-lactam of the 
carbapenem class, were observed28. In contrast to 
this result, in cellular devices of professionals in an 
operating room in Pakistan, a resistance profile was 
detected in 100% (3/3) and 80% (8/10) in the species 
Enterobacter sp. and Pseudomonas sp., respectively, for 
this antibiotic29. These findings evidence the presence 
of an acquired resistance mechanism associated with 
the expression of β-lactamases enzymes capable of 
hydrolyzing carbapenems30.

On the other hand, most Gram-negative species were 
resistant to ampicillin, a broad-spectrum β-lactam of the 
aminopenicillin class25. Similarly, a study carried out 
with healthcare professionals from a hospital in Nigeria 
obtained a resistance profile equivalent to 100.0% 
(33/33) for ampicillin16, suggesting an increase in the 
acquisition of resistance, motivated by the widespread 
use of this antibiotic in an uncontrolled way31.

Two species were also detected (K. pneumoniae 
and Enterobacter spp.) resistant to the carbapenems 
imipenem and meropenem simultaneously. This 
resistance is considered a public health problem, as 
infections caused by enterobacteria represent a high risk 
of mortality and a limitation in therapeutic options30.

Regarding cell phones, it was found that 97.4% 
(37/38) of professionals used them repeatedly 
everywhere. This data is in agreement with the study 
by Muñoz Escobedo et al.5, carried out with employees 
and students of the academic unit of Dentistry of a 
multidisciplinary clinic in Mexico, and with a survey 
carried out with students of a higher education institution 
in Teresina, Piauí State, Brazil31, which obtained a rate of 
81% (42/52) and 75% (41/55), respectively. In addition, 
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78.9% (30/38) claimed to use cell phones in the course 
of patient care. This data differs from Muñoz Escobedo 
et al.5, in which 21% (11/52) of those surveyed were 
used to handle the devices even with gloves during  
care.

Most respondents (76.3%) stated that they shared 
their cell phone with other people they interact with, 
corroborating the finding made by Bodena et al.14, 
in which 74.8% (169/226) of Ethiopian health 
professionals used to share the device with co-workers.

These practices can facilitate microbiological 
proliferation in mobile phones since using the device 
in bathrooms, during meals, or sharing it with others 
increase the risk of microbial contamination2. This 
fact was confirmed by the positivity of the samples of 
those individuals who claimed to use the cell phone 
everywhere, during the service, and share it with other 
people. This demonstrates the importance of avoiding 
using these devices during care, minimizing the ways of 
contamination, especially when wearing gloves, since 
there is contact with the patient and, consequently, with 
possible microorganisms2.

As for hand hygiene, 68.4% (26/38) said they 
did it before or after using the cell phone, and 92.1% 
(35/38) said they washed their hands before caring for 
patients. In contrast, in the study carried out in Ethiopia, 
26.1% (59/226) had the habit of cleaning, and 76.5% 
(173/226) did not adhere to washing hands before 
seeing patients14.

Although health professionals stated that they 
washed their hands before attending to patients, 
the number of positive samples was high (91.7%), 
suggesting that the contamination may be intrinsic or 
associated with other habits. This data highlights the 
need for personal hygiene and cell phone cleaning 
before and after each service to reduce microbial 
contamination2.

It was also observed that 39.4% (15/38) of the 
participants cleaned their cell phones more than once 
a week. In contrast, only 1.8% (1/55) of physiotherapy 
students and professionals interviewed by Sousa et 
al.31 and 13% (7/52) of students in a multidisciplinary 
clinic in Mexico5 performed this practice. This frequency 
was inadequate because the cell phones of these 
professionals were significantly contaminated (14/15). 
The same happened with those who performed the 
cleaning more than once a day (10/11), indicating 
the need to perform this procedure daily, before and 
after patient care, and at the end of the day, to reduce 
bacterial contamination in these devices.

The proper cleaning of cell phones using 70% 
alcohol is considered an effective procedure, as it is a 
very effective bactericide that denatures the proteins of 
microorganisms, including fungi and viruses2,32.

Of the professionals interviewed, 57.9% (22/38) 
claimed to use 70% alcohol to clean their cell phones, 
similar to the study by Sousa et al.31, in which 51% 
(18/35) cleaned the device in this way. However, 58.3% 
(21/36) of the samples in this study were contaminated, 

showing that this cleaning may not be done  
correctly.

Regarding the level of knowledge of professionals 
about microbial contamination in cell phones, few studies 
in the literature evaluated this problem14,33. In the present 
study, 42.1% (16/38) of the interviewees got five of the six 
questions correct, corresponding to a good performance 
of these participants. However, this satisfactory result was 
not reflected in the level of bacterial contamination of 
the samples, which may be related to the difficulty of 
interpreting more complex issues that required specific 
knowledge, evidencing the need to carry out qualification 
and training on the subject. 

The study showed that 100.0% (38/38) of the 
professionals knew the personal protective equipment 
and the correct way of hand hygiene during their 
routine at the health unit. However, 100.0% (36/36) 
of the device samples were positive, demonstrating that 
knowing this information was not enough to reduce 
contamination.

In addition, 78.9% (30/38) of respondents knew that 
cell phones could be a way of transmitting diseases. This 
result corresponds to an investigation carried out with 
health professionals, in which 80.1% (181/226) stated 
that the mobile device could carry bacteria and cause 
diseases14, and a study carried out with medical students 
at a hospital in Iran, in which 100% (30/30) claimed to 
have this knowledge33.

It was found that 81.6% (31/38) of respondents 
knew the main bacteria isolated from cell phones. These 
were also the most found in this analysis, confirming 
the data found in the literature on the contamination of 
these objects by bacteria1,4,6,13,14.

Concerning the importance of hygiene and the 
implementation of biosafety standards aimed at the use 
of cell phones in health services, 68.4% (26/38) and 
50.0% (19/38) of professionals considered essential 
to carry out these practices, respectively. In this sense, 
it is important to highlight that several UBS do not 
have protocols of standards and routines for cleaning 
environments10,11,12, which may explain the presence of 
bacterial contamination in the analyzed cell phones.

It is also worth mentioning the limitations of the study, 
characterized by the small sample size, justified due to 
the time delimited for the research, which punctually 
took place, with no possibility of performing temporal 
analyses, in addition to the COVID-19 pandemic, which 
impacted the UMS operating logistics, culminating in 
reduced teams, thus interfering with sampling.

CONCLUSION

This study showed a high frequency of bacterial 
contamination on the surfaces of the mobile phones 
of professionals from Benguí II UMS, even though the 
investigated population stated that they know and carry 
out the appropriate hygiene practices. Although most 
of the species found are part of the normal microbiota, 
bacteria of clinical importance were detected, which 
brings an alert to the community.
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The findings reinforce the importance of raising 
awareness and adopting standardized protocols for 
personal hygiene and cell phone cleaning to control 
bacterial spread among professionals and patients and, 
thus, reduce the risks of healthcare-associated infections 
in UBS. Cleaning can be carried out simply with 70% 
alcohol before and after each medical service. Finally, 
there is a need for more studies in the context of UBS, 
with a larger sample number and a temporal analysis, 
given the paucity of studies in the literature.
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