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Introduction: Contaminated mobile phones act as reservoirs for organisms causing hospi-
tal-acquired infections (HAI). Little is known about medical school students’ awareness of 
infection prevention and control (IPC) regarding mobile phone use among medical students. 
We demonstrated the presence of organisms on mobile phones of final-year medical students 
at Makerere University College of Health Sciences and evaluated their awareness of IPC 
regarding mobile phone hygiene and use in a hospital setting.
Methods: In this cross-sectional study, organisms from swabs obtained from 79 medical 
students’ mobile phones were identified and antimicrobial susceptibility test carried out using 
standard biochemical tests and the automated BD Phoenix instrument. Data were collected 
using a self-administered questionnaire to assess the students’ awareness. The analysis was 
carried out using STATA software version 16.
Results: Seventy (88.6%) mobile phones were contaminated with at least one organism. One 
hundred forty-eight bacteria were isolated, of which 123 (83.1%) were Gram-positive, 24 
(16.2%) were Gram-negative, and 1 (0.7%) was yeast (Candida spp). Coagulase negative 
staphylococci were the most frequently isolated among Gram-positive bacteria. 
Acinetobacter baumannii were the most frequently isolated among Gram-negative bacteria. 
The average IPC practical score regarding mobile phone hygiene (34%) was significantly 
lower than the average IPC awareness score (77%) (p ≤ 0.0001). Seventy-four (93.7%) 
students use their phones while rotating in the various wards. Forty (50.6%) of the students 
cleaned their phones with alcohol-based sanitizer after rotations in the ward. Thirty-five 
(44.3%) students were aware of IPC programs in the hospital they rotated in.
Conclusion: There is a high prevalence of bacterial contamination from mobile phones of 
medical students. The students had lower IPC practical scores compared to IPC awareness scores 
regarding mobile phone hygiene irrespective of the ward of rotation. Curriculum of final-year 
medical students should include IPC-related topics, which incorporate practical skills.
Keywords: infection prevention and control, mobile phone contamination, medical students, 
Uganda

Introduction
Hospital-acquired infections (HAI), a major concern for healthcare systems around 
the world, are significantly associated with morbidity and mortality and contribute 
to increased hospitalization costs. The International Nosocomial Infections Control 
Consortium showed higher rates of HAIs in low- and middle-income countries 
compared to high-income countries.1 According to the World Health Organization 
(WHO), HAI occur in 7 and 10 out of every 100 hospitalized patients in high- 
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income and low- and middle-income countries, respec-
tively, and the proportion increases to 15 per 100 patients 
in developing countries.2 Furthermore, a major challenge 
faced in managing HAI is their association with multidrug 
resistant (MDR) bacteria, which leads to poor prognosis 
and further increases in hospital costs.1,3 Approximately 
25,000 deaths in Europe are attributed to antibiotic resis-
tant infections, with a cost of 1.5 billion Euros annually.4 

This is a public health threat. To provide safe quality care 
and reduce antimicrobial resistance (AMR), infection pre-
vention and control (IPC) programs are essential in health-
care facilities in order to protect both healthcare workers 
and patients from HAI.5,6

Mobile phones, devices that are frequently carried into 
the hands of health workers, have transformed clinical care 
in the recent past.7 Due to the various capabilities offered 
by mobile phones, there has been increased ownership of 
mobile phones among healthcare workers. Hospital man-
agement systems have taken advantage of several applica-
tions developed on mobile phones to equip their healthcare 
teams with informational resources, such as guidelines, 
which they can access in real time.7 This has improved 
the point of clinical care decision-making and overall 
patient outcomes. Among medical students, mobile phones 
are a useful tool for teaching. Different medical institu-
tions have created medical applications, which students 
use alongside traditional teaching methods with the overall 
goal of enabling easy access to the various medical 
topics.8,9

Due to the increased frequent use in hospital environ-
ments, mobile phones are easily contaminated with organ-
isms from healthcare workers’ hands and the hospital 
environment.10 Various studies in different medical insti-
tutions have reported that 71.8–100% of healthcare work-
ers’ mobile phones are contaminated with organisms, 
including Gram-positive and Gram-negative bacteria and 
fungi.11–18 Furthermore, studies have shown that bacteria 
isolated from mobile phones are MDR.19 A study carried 
out in Ethiopia found an overall prevalence of 69.9% 
MDR bacterial isolates.12 Consequently, contaminated 
mobile phones, being one of the most highly touched 
surfaces, act as reservoirs for organisms and may play 
a role in the spread of HAI caused by MDR organisms 
in the hospital setting and the community.20,21 A cost- 
effective way of implementing IPC in health units is by 
effective hand hygiene practices.6 Hand hygiene prevents 
the spread of MDR organisms from person to person not 
only within the health unit but also the community.6 While 

WHO IPC guidelines have rightfully placed a strong 
emphasis on hand hygiene, hardly any guidelines have 
been provided for decontamination of mobile phones as 
they are moved in and out of pockets even if hands are 
properly cleaned.6,10 Furthermore, in its infection preven-
tion and control assessment framework at the facility level, 
WHO assesses the hand washing facility guidelines but 
does not include phone hygiene in the assessment.5,22 

Given their frequent use, mobile phones, if not deconta-
minated, may undo the benefits hand washing provides to 
IPC and prove to be a potential risk for HAI.

The contamination rates of healthcare workers’ mobile 
phones have been demonstrated in various studies 
worldwide.11–14,16–18 Gaps have been shown to exist in 
the knowledge, awareness, and attitude of healthcare 
workers toward infection control practices, including 
mobile phone hygiene.23 However, we do not have docu-
mented reports from healthcare facilities in Uganda, more 
so among medical students in their clinical years who tend 
to use their mobile phones for various reasons in the 
clinical environment.24 Furthermore, there is a need to 
assess the adequacy of the medical curriculum in addres-
sing topics related to IPC in general.23 In this study, we 
demonstrated the presence of organisms on mobile phones 
of final-year medical students at Makerere University 
College of Health Sciences. Thereafter, we evaluated the 
students’ awareness of IPC regarding mobile phone 
hygiene and use in a hospital setting.

Materials and Methods
Study Design and Setting
This was a cross-sectional study carried out among final- 
year medical students at Makerere University College of 
Health Sciences in Dec 2020. Makerere University 
College of Health Sciences is the oldest medical training 
university unit established in East Africa since 1924. 
Medical students receive basic science training including 
microbiology in their second and third years and clinical 
training in their fourth and fifth years. Thereafter, they 
work as junior doctors in the various hospitals in the 
surrounding region.

Sample Size
As recommended for prevalence studies, we used the for-
mula n=Z2P(1-P)/d2, where n=sample size, z=statistic for 
the level of confidence, P=expected prevalence and 
d=allowable Error.25 Using a prevalence of 94.2% 
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(prevalence of mobile phone contamination with one or 
more bacteria in a study carried out in Eastern Ethiopia),12 

the estimated sample size was 83 final-year students. 
A total of 79 mobile phones from 79 unique participants 
were included in the study.

Sample Collection and Processing
A total of 79 mobile phones from 79 unique participants 
were swabbed (keypads and back of the phones were 
swabbed). The samples were transported to the Makerere 
University Clinical Microbiology Laboratory. The swabs 
were plated on blood agar and MacConkey agar plates. 
The plates were incubated aerobically at 37°C for 18–24 
hours. Purity plates were made for cultures with more than 
one organism. Isolated organisms were identified using 
Gram stain, colony morphology, and biochemical tests as 
defined by the laboratory standard operating procedures. 
Identification and minimum inhibitory concentration of 
Gram-negative bacteria were confirmed using the auto-
mated BD Phoenix instrument (Becton-Dickinson, USA). 
The breakpoints were interpreted using the Clinical & 
Laboratory Standards Institute (CLSI) guidelines.26 MDR 
bacteria were defined as bacteria resistant to at least three 
classes of antibiotics. Known control strains (Escherichia 
coli ATCC 25922, Pseudomonas aeruginosa ATCC 
27853, Klebsiella pneumoniae ATCC 700603 and 
Staphylococcus aureus ATCC 25923) were tested in par-
allel with the isolates from the specimen for quality 
control.

Questionnaire Development
We assessed the students’ phone usage and awareness of 
IPC regarding phone usage in the hospital using a self- 
administered questionnaire (Supplementary Material). 
A section on socio-demographic characteristics included 
questions regarding age, gender, marital status, and ward 
of rotation. Other sections included dichotomous questions 
(Yes/No) which addressed the use of phones in the hospi-
tal/wards, knowledge of the spread of organisms via 
mobile phones, decontamination of mobile phones, and 
general awareness of hand hygiene and IPC. The ques-
tionnaire was divided into two groups, IPC Awareness and 
IPC Practical skills regarding mobile phone hygiene. 
These two groups were scored. Total IPC Awareness was 
15 marks, and total IPC Practical skills was 19 marks. The 
scores were converted to percentages. An excellent score 
was ≥80%, a good/average score was 70–79%, and 
a below average/poor score was ≤69%.27 The 

questionnaire was pretested among medical students in 
other classes. Irregularities were reviewed and corrected. 
The questionnaire was randomly distributed to final-year 
medical students.

Statistical Analysis
Descriptive data were reported as frequencies and percen-
tages. Continuous variables were described as median 
(interquartile range) and mean ±standard deviations (SD). 
Categorical variables were tabulated. Student’s t-test was 
used to assess differences in the means between groups 
Chi-square test (or fisher’s exact test) was used to assess 
the differences between groups. A p value of ≤0.05 (two- 
tailed) was considered statistically significant. The analy-
sis was carried out using STATA software version 16 
(STATA Corp, College Station, TX, USA).

Results
A total of 79 mobile phones from 79 unique participants 
were included in the study. The median age of the students 
was 24 years (IQR: 24–25 years). Slightly more than half 
of the students were male (42, 53.2%), and majority were 
single (73, 92.4%). All students (100%) used a smart 
phone.

Organisms Isolated
As shown in Table 1, out of the 79 phones included in the 
study, 70 (88.6%) were found to be contaminated with at 
least one organism. A higher proportion of obstetrics/ 
gynecology (obs/gyn) and medical students’ phones were 
contaminated with organisms compared to pediatric and 
surgical wards. However, this difference was not statisti-
cally significant (p=0.53).

From a total of 148 bacteria isolated, 123 organisms 
(83.1%) were Gram-positive, 24 (16.2%) were Gram- 
negative, and 1 (0.7%) was yeast (Candida spp.). Coagulase 
negative staphylococci (CNS) were the most frequently iso-
lated among Gram-positive bacteria. Of the Gram-negative 
bacteria isolated, 19 (79.2%) were non-fermenting Gram- 
negative bacteria (NFGNB). Acinetobacter baumannii was 
the most frequently isolated among Gram-negative bacteria. 
Fifty-two (74.3%) of the 70 contaminated phones had poly-
microbial organisms. Of the phones with polymicrobial 
organisms, 34 phones (65.4%) were of Gram-positive/Gram 
positive combinations (p<0.001). Table 2 shows the organ-
isms isolated from the phones of the medical students.
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Antibiotic Susceptibility Testing
Table 3 shows the susceptibility of selected Gram-negative 
bacteria to selected antibiotics. Among the Acinetobacter 
spp., the aminoglycosides (gentamicin and amikacin) fol-
lowed by the carbapenems (imipenem and meropenem) 

were the antibiotics to which most of the bacteria were most 
susceptible to. They were least susceptible to cotrimoxazole. 
The single species of Klebsiella ozaenae was susceptible to all 
the antibiotics. One out of three Pantoea agglomerans was 
susceptible to the third-generation cephalosporins (ceftriaxone 
and ceftazidime) and 2 out of 3 were susceptible to the 4th 

generation cephalosporin (cefepime) and beta lactam-beta 
lactamase inhibitor combination (piperacillin-tazobactam). 
The only Citrobacter youngae isolated was resistant to all 
the antibiotics apart from amikacin. Fifteen (62.5%) Gram- 
negative bacteria were multidrug resistant (resistant to at least 
three antibiotic classes). A higher proportion of NFGNB (14/ 
19) compared to the proportion of lactose fermenting bacteria 
(1/5) were multidrug resistant (p=0.047). Furthermore, of the 
9 Gram negative bacteria that were resistant to carbapenems, 
8 (88.9%) were NFGNB. Among the Gram-positive bacteria, 
susceptibility testing was carried out for the streptococci and 
S. aureus only. The only S. aureus isolated was sensitive to 
methicillin but resistant to penicillin and cotrimoxazole while 
the three Enterococcus spp. were sensitive to vancomycin and 
one resistant to ampicillin.

Awareness and Practical Skills of Students 
Regarding Infection Prevention and 
Control and Phone Use in the Hospital
The average IPC awareness score was 77% (CI: 74%–80%). 
Forty-five (57%), 13 (16.4%), and 21 (26.6%) students had 
excellent, good/average, and below average/poor IPC 
awareness scores, respectively. The average IPC practical 
score was 34% (CI: 30%–38%). Only 2 (2.5%), 3 (3.8) and 
74 (93.7%) students had excellent, good/average and below 
average/poor IPC practical scores regarding phone use, 
respectively. Overall, the average IPC practical score regard-
ing mobile phone hygiene (34%), was significantly lower 
than the average IPC awareness score (77%) (p≤0.0001). As 
shown in Figure 1, there was a significant difference 
between the average IPC awareness scores and IPC practical 
scores for the students rotating in the medicine ward 
(p≤0.0001), pediatric ward (p≤0.0001), obstetrics/gynecol-
ogy ward (p≤0.0001), and the surgery ward (p≤0.0001).

Generally, 75 (95.0%) students reported that their degree 
course covered aspects of IPC. As shown in Table 4, all 79 
(100%) students reported knowing about IPC and 62 
(78.5%) students reported knowing about the Standard 
Precautions. Only 27 (34.2%) students were aware of the 
composition of an IPC committee, 35 (44.3%) students were 
aware of IPC programs in the hospital they rotated in, and 32 

Table 1 Socio-Demographic Characteristics of Participants

Variable Number of 

Phones 

with Organisms 

(%)

Number of 

Phones with 

No Organisms 

(%)

p-value

Gender

Male 38 (90.5) 4 (9.5) 0.73

Female 32 (86.5) 5 (13.5)

Marital status

Single 65 (89.0) 8 (11.0) 0.53

Married 5 (83.3) 1 (16.7)

Ward of rotation

Medicine 11 (91.7) 1 (8.3) 0.53

Pediatric 28 (84.9) 5 (15.1)

Surgery 17 (85.0) 3 (15.0)

Obstetrics/Gynecology 14 (100) 0 (0)

Table 2 Organisms Isolated from Phones of Final-Year Medical 
Students

Organisms N (%)

Gram positive bacteria

Coagulase negative Staphylococcus 55 (37.0)

Bacillus spp. 36 (24.3)
Micrococcus spp. 22 (14.9)

Staphylococcus aureus 1(0.7)

Streptococcus spp. 2 (1.4)
Enterococcus spp. 3 (2.0)

Corynebacterium spp. 4 (2.7)

Gram negative bacteria

Acinetobacter baumannii 7 (4.7)
Acinetobacter spp. 3 (2.0)

Acinetobacter lwoffii 3 (2.0)

Alcaligenes faecalis 2 (1.4)
Burkholderia cepacia complex 1 (0.7)

Pseudomonas stutzeri 1 (0.7)

Weeksella virosa 1 (0.7)
Moraxella sp. 1 (0.7)

Klebsiella ozaenae 1 (0.7)

Pantoea agglomerans 3 (2.0)
Citrobacter youngae 1 (0.7)

Other
Candida sp. 1 (0.7)

Total number of organisms 148 (100)
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(40.5%) acknowledged knowing about IPC guidelines in the 
different wards they rotated in. A significantly higher pro-
portion of students from the obs/gyn ward (p=0.043) were 
aware of an IPC program in the hospital. Of the 44 (55.7%) 
who were not aware of an IPC program in the hospital, 
which they were studying at, 26 (89.7%) also reported that 
there were no IPC guidelines in the ward in which they 
rotated, while 14 (77.8%) were not sure if there were IPC 
guidelines on the ward in which they rotated (p≤0.001). 
A significantly higher proportion of students rotating in the 
pediatric ward (p=0.045) reported knowing about the World 
Health Organization (WHO) five moments of hand hygiene. 
Thirty-three (41.8%) students wrongly reported that hand 
hygiene could be achieved by handwashing only 
(p<0.0001). Notably, only 42 (53.2%) reported having 
access to handwashing sinks while rotating in the ward.

All students reported using the same phone at work and 
at home or hall of residence. As shown in Table 5, 74 

(93.7%) students used their phone while rotating in the 
various wards. Sixty-two students (78.5%) use their 
phones to check the time, 67 (84.8%) students use their 
phones to make phone calls, and 57 (72.2%) students use 
their phones to examine the patients (as torches, and as 
clocks for measure respiratory rates, heart rates) while 
rotating in the hospital wards. Of the 70 students with 
contaminated phones, 80%, 85.7%, 71.4% used their 
phone to check the time, make phone calls, and examine 
patients, respectively. While 71 (89.9%) of the students 
reported having access to alcohol-based sanitizer, only 40 
(50.6%) of the students reported cleaning their phones 
with alcohol-based sanitizer after rotation in the various 
wards (p<0.0001). Both the mobile phones that were 
decontaminated with alcohol-based sanitizer and mobile 
phones that were not decontaminated had similar propor-
tion of organisms isolated (p=0.693). Importantly, 17 stu-
dents (21.5%) reported cleaning their phones by wiping on 

Figure 1 Average IPC awareness scores and IPC practical scores for medical students.

Table 3 Antibiotic Susceptibility of Selected Gram-Negative Bacteria to Selected Antibiotics

Organism (N) Antibiotics (% Susceptible)

CRO CAZ FEP TPZ IMP MER CN AK CIP SXT

Acinetobacter spp. (13) 31 15 31 38 69 54 85 100 62 23

Pseudomonas stutzeri (1) NA 100 100 100 100 100 100 100 100 0
Pantoea agglomerans (3) 33 33 67 67 100 100 100 100 100 100

Klebsiella ozaenae (1) 100 100 100 100 100 100 100 100 100 100

Citrobacter youngae (1) 0 0 0 0 0 0 0 100 0 0

Abbreviations: CRO, ceftriaxone; CAZ, ceftazidime; FEP, cefepime; TPZ, piperacillin-tazobactam; IMP, imipenem; MER, meropenem; CN, gentamicin; AK, amikacin; CIP, 
ciprofloxacin; SXT, cotrimoxazole.
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their coats. Up to 13 of the 17 (76.5%) students had 
phones contaminated with organisms. Eleven (84.6%) of 
the phones had polymicrobial contamination.

Sources of IPC Information
The most common source for IPC information reported was 
formal training in the classroom (76, 96.2%). Other sources 
reported included social media (30, 38%), scientific confer-
ences (23, 29.1%) and mainstream media (21, 26.6%).

Discussion
Mobile phones have improved the point of clinical care 
decision-making and overall patient outcomes. 

However, frequent handling of mobile phones by 
healthcare workers, including final-year medical stu-
dents in their clinical rotation, has led to their 
increased contamination with organisms from the hos-
pital environment, which may be antimicrobial resis-
tant. This is a public health concern, which predisposes 
the hospital community to HAI. To our knowledge, this 
is among the few studies to be carried out in East 
Africa, which describes the microbiological profile of 
the bacteria isolated from final-year medical students’ 
phones, and evaluates the students’ awareness of infec-
tion prevention and control regarding mobile phone use 
in a hospital setting.

Table 4 Infection Prevention and Control Awareness of General Concepts Regarding Phone Use in the Hospital

Question (Correct Answer) General Med Ped Obs/Gyn Surg p-value

N (%) N (%) N (%) N (%) N (%)

1. I can spread bacteria through hands (Yes) 77 (97.5) 11 (91.7) 33 (100) 14 (100) 19 (95.0) 0.245

2. I can spread bacteria using phones (Yes) 76 (96.2) 11 (91.7) 33 (100) 14 (100) 18 (90.0) 0.143
3. I know the WHO five moments of hand hygiene (Yes) 65 (82.3) 8 (66.7) 31 (94.0) 12 (85.7) 14 (70.0) 0.045

4. Hand hygiene can be achieved by:
a. Handwashing: water only (No) 45 (57.0) 6 (50.0) 16 (48.5) 10 (71.4) 13 (65.0) 0.663

b. Handwashing: soap and water (Yes) 77 (97.5) 12 (100) 31 (93.9) 14 (100) 20 (100) 0.786

c. Alcohol-based hand sanitizer (Yes) 75 (94.9) 11 (91.7) 32 (97.0) 14 (100) 18 (90.0) 0.631

5. I know what Standard precautions means (Yes) 62 (78.5) 10 (83.3) 26 (78.8) 12 (85.7) 14 (70.0) 0.744

6. I know the composition and function of IPC committee (Yes) 27 (34.2) 5 (41.7) 11 (33.3) 6 (42.9) 5 (25.0) 0.685
7. There is an IPC guide on the Ward I am rotating in (Yes) 32 (40.5) 5 (41.7) 16 (48.5) 7 (50.0) 4 (20.0) 0.360

8. I am aware of an IPC program in the hospital which I am studying in (Yes) 35 (44.3) 7 (58.3) 15 (45.5) 9 (64.3) 4 (40.0) 0.043

Table 5 Infection Prevention and Control Practical Skills Regarding Phone Use in the Hospital

Question (Correct Answer) General Med Ped Obs/Gyn Surg p-value

N (%) N (%) N (%) N (%) N (%)

1. I use my phone in hospital wards during rounds (No) 5 (6.3) 1 (8.3) 2 (6.1) 1 (7.1) 1 (5.0) 1.000

2. I use my phone in wards to

a. Check time (No) 17 (21.5) 4 (33.3) 7 (21.2) 2 (14.3) 4 (20.0) 0.707

b. Make calls (No) 12 (15.2) 1 (8.3) 5 (15.2) 1 (7.1) 5 (15.2) 0.556
c. Examine patients (No) 22 (27.9) 4 (33.3) 5 (15.2) 6 (42.9) 7 (35.0) 0.144

3. I clean my phone after rounds using
a. Alcohol-based sanitizer (Yes) 40 (50.6) 7 (58.3) 17 (51.5) 7 (50.0) 9 (45.0) 0.923

b. Wipe it on my coat (No) 62 (78.5) 11 (91.7) 26 (78.8) 12 (85.7) 13 (65.0) 0.329

4. While rotating on the wards, I have access to:

a. Gloves (Yes) 59 (74.7) 11 (91.7) 22 (66.7) 13 (92.7) 13 (65.0) 0.100
b. Handwashing sink (Yes) 42 (53.2) 7 (58.3) 16 (48.5) 9 (64.3) 10 (50.0) 0.753

c. Alcohol-based hand sanitizer (Yes) 71 (89.9) 11 (91.7) 30 (90.9) 13 (92.7) 17 (85.0) 0.907

5. I share my mobile phone with colleagues (No) 12 (15.2) 1 (8.3) 2 (14.3) 6 (18.2) 3 (15.0) 0.968
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Seventy (88.6%) phones of medical students from the 
medicine, pediatric, surgery, and obstetrics/gynecology 
wards were contaminated with at least one organism. 
Similar contamination rates have been reported in 
Nigeria, which found a percentage prevalence of 80.6% 
organisms on the mobile phones of their medical 
personnel.28 Our prevalence of bacterial contamination of 
healthcare workers’ phones was higher than 79%, 63.3%, 
and 79%, which was found in Zambia, Saudi Arabia and 
India, respectively.18,29,30 However, it was lower than that 
in a study carried out in Ethiopia, which found an overall 
prevalence of 94.2%.12 A study carried out in Malaysia 
found bacterial agents on all the mobile phones that were 
tested.31 The studies with higher contamination rates 
included other health professionals in their studies. 
Furthermore, the differences in the prevalence in the dif-
ferent studies may reflect the differences in adherence to 
IPC policies in the different hospital settings. There was 
no significant difference between the proportions of 
mobile phones with and without organisms for the differ-
ent wards of rotation, marital status, and gender. This was 
similar to the study carried out in Zambia, which showed 
no significant association between phone contamination 
and demographics.18 Therefore, IPC measures for phone 
hygiene are required in all hospital wards and departments.

Most of the bacteria that we isolated in this study 
were Gram-positive bacteria, the majority being CNS. 
CNS are the predominant organisms isolated from stu-
dies in Ethiopia, Nigeria, Egypt, Kuwait, Saudi Arabia 
and India.12,16,17,29,30,32 We isolated only one S. aureus 
(0.7%) which was sensitive to methicillin. This was 
unlike the studies carried out in Ethiopia, Zambia, 
Nigeria, Egypt and India in which S. aureus was 
among the top most organisms isolated.12,18,30,32 In addi-
tion to medical students, these studies included other 
healthcare workers and patients in their sample. Kuwait 
and Saudi Arabia reported comparably low prevalence of 
S. aureus.16,29 Bacillus spp. and Micrococcus spp. were 
also predominant isolates in our study. The Micrococcus 
spp. isolation rate in the study conducted in Kuwait was 
28.6%.16 CNS and Micrococcus spp. are normal flora on 
the hands and human skin, and Bacillus sp are sporulat-
ing bacteria that are ubiquitous in nature. Indeed, it is 
not surprising that CNS, Micrococcus spp. and Bacillus 
spp. are among the bacteria that are most frequently 
isolated in contaminated blood cultures.33 However, 
notably, CNS has been associated with HAI, especially 
severe foreign body-related infections in patients with 

indwelling medical devices.34 Bacillus spp. and 
Micrococcus spp. have been implicated in bloodstream 
infections among immunocompromised patients.35,36

The most frequently isolated Gram-negative bacteria in 
our study were the NFGNB (79.2%). Of these, 
Acinetobacter spp. were the most common. This was dif-
ferent from the findings from studies in Ethiopia, Nigeria 
and Egypt which had a predominance of 
Enterobacteriaceae, the most common being 
E. coli.12,17,32 We isolated five bacteria belonging to the 
Enterobacteriaceae. None of them were E. coli. The study 
in Kuwait reported more NFGNB compared to 
Enterobacteriaceae of which Acinetobacter spp. (2.8%) 
were the most predominant.16 NFGNB have been impli-
cated in nosocomial infections among immunosuppressed 
and intensive care unit patients.37–39 They are also intrin-
sically resistant to many antibiotics, complicating manage-
ment of infections caused by these pathogens.39 More than 
half of the Gram-negative bacteria isolated in our study 
were multidrug resistant. This is similar to the findings of 
other studies in Ethiopia, Nigeria and Saudi Arabia.12,29,32 

For the majority of the infections caused by resistant 
Gram-negative bacteria, carbapenems remain the antibiotic 
of choice for treatment.40 Importantly, in our study, up to 9 
(37.5%) Gram-negative bacteria were resistant to 
carbapenems.

We isolated Candida sp. from one of the mobile 
phones. A study in Poland that focused on isolation of 
Candida sp from mobile phones reported a significant rate 
(74.9%) of mobile phones colonized with Candida sp.41 In 
a study carried out in Indonesia, most of the fungi isolated 
from mobile phones were molds.14 However, this study 
focused on mobile phones used by laboratory officers and 
administrative officers in the education area. It is not 
unusual to find molds in the environment. Most of the 
studies on mobile phone contamination have focused on 
bacteria. However, it should be noted that fungi are poten-
tial pathogens on mobile phones that can be transmitted to 
especially immunocompromised patients in whom they 
cause significant morbidity and mortality.42

Generally, while final-year medical students were 
aware of the basic IPC topics, our findings showed that 
the students had overall poor IPC practical skills regarding 
mobile phone use and hygiene irrespective of the ward of 
rotation. This is similar to what other studies have 
found,23,43,44 and shows the gaps in the medical curricu-
lum, which does not assess the practical skills to the same 
extent it does knowledge and awareness. As has been 
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demonstrated in other studies, there are gaps in the prac-
tical skills of final-year medical students in crucial topics 
addressing antimicrobial resistance, antimicrobial steward-
ship, and IPC.45 Similarly, lack of awareness of IPC pro-
grams/guidelines in the hospital may reflect the state of 
IPC program in the teaching hospital in general. A study at 
Lira University Hospital showed that the IPC compliance 
level was basic with no IPC committee, no IPC team, no 
IPC training for the health workers at the hospital, and no 
IPC surveillance systems.46 Teaching hospitals need acces-
sible and functional IPC committees and guidelines.46 

However, it is important to note that the difference 
between IPC awareness and IPC practical skills scores 
shows that awareness of guidelines does not impact com-
pliance with infection prevention and control guidelines. 
Specific training on practical skills is necessary. This 
should start in the medical school.

Our findings showed that 96.2% of the students were 
aware that their mobile phones were potential vehicles for 
organisms from the hospital environment to the patient. 
This was unlike a study carried out in Namibia in which 
only 24.1% of their students gave a correct answer to the 
question related to the environment as the major source of 
bacteria responsible for nosocomial infection.43 Even 
though more of the students in our study were aware that 
mobile phones were potential vehicles for organisms, the 
majority still used their phones in the hospital for, includ-
ing, clinical examination of patients. Studies have shown 
that the prevalence of smartphone ownership by medical 
students was high, with the majority using their smart-
phones for clinical work.24 Moreover, in our study, only 
slightly less than half of the students decontaminated their 
phones using an alcohol-based sanitizer. This finding has 
been demonstrated in other studies.12,18 While our study 
did not find a correlation between bacterial colonization of 
mobile phones and mobile phone decontamination, other 
studies like the one carried out in Ethiopia showed that 
absence of regular decontamination of phones was asso-
ciated with mobile phone contamination. The study in 
Ethiopia had a larger sample size and included all health 
professionals’ mobile phones.12 Unavailability of standard 
guidelines regarding phone hygiene leads to differences 
found in different institutions.18

Alarmingly, up to 17 (21.5%) students reported that 
they wiped their phones on their clinical coats. Clinical 
coats have been shown to carry bacteria implicated in 
HAI. A study carried out in Tanzania showed 73.3% 
(132/180) clinical coats were contaminated with bacteria 

that have been shown to be associated with HAI.47 We 
found that more of the phones that were wiped on clinical 
coats were contaminated with polymicrobial bacteria. 
A general poor attitude toward IPC has been shown 
among medical students elsewhere.23

The majority of the students reported sharing their 
phones with other students and with members of the com-
munity. Mobile phones are devices that can potentially 
transfer nosocomial pathogens from the hospital to the 
community.20,21 Furthermore, only slightly more than half 
of the students (53.2%) reported that they had access to 
handwashing sinks in the wards. While contaminated phones 
can effectively negate hand hygiene, contaminated hands 
can also negate good phone hygiene.48 Handwashing, 
a pillar of infection prevention and control programs reduces 
the risk of transmission of organisms associated with HAI.

All possible means of teaching and conveying mes-
sages on IPC should be adopted to bridge the gaps. 
While the main source of knowledge for IPC was reported 
to be formal training, other sources reported included 
mainstream media, conferences, and social media. Given 
the increased use of mobile phones among medical stu-
dents, IPC policy makers and curriculum developers 
should take advantage of social media, a fast and efficient 
way of communicating with not only the general popula-
tion but also health professionals.49

Our study was limited to final-year medical students. We 
did not include other clinical students, such as nurses, den-
tists and lab scientists. While we assessed awareness of IPC, 
we did not evaluate the in-depth knowledge of the students 
in IPC. However, the low score in IPC practical skills on 
mobile phone hygiene reveals gaps in knowledge of IPC, 
which should be addressed in the medical school curriculum.

Conclusion
There is a high prevalence of bacterial contamination from 
mobile phones of medical students. Gram-positive bacteria 
were the most bacteria isolated. Most of the Gram-negative 
bacteria isolated were multidrug resistant NFGNB. The stu-
dents had lower IPC practical scores compared to IPC aware-
ness scores irrespective of the ward of rotation. These gaps 
may reflect the gaps in the medical curriculum in which basic 
sciences are only taught in the early school years. IPC courses 
are mainly taught in the 2nd and 3rd year Microbiology class. 
Curriculum of final-year medical students should include IPC- 
related topics, which incorporate practical skills. Hospital IPC 
policies available to medical students should be put in place to 
address mobile phone hygiene and usage in and out of the 
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hospital environment. These policies should encourage medi-
cal students to use medical kits containing the appropriate 
clinical examination tools instead of using their mobile 
phones. IPC Policy makers should take advantage of the fast 
and efficient social media platforms and work with medical 
school curriculum developers to ensure that all final-year 
medical students are knowledgeable about hospital IPC 
guidelines.
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