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INTRODUCTION

Mobile phone was established in 1982 in Europe with a view of 

improving communication [1]. Presently it has become one of the 

most indispensable devices for professional and social life. It has been 

discovered that mobile phone harbours diff erent type of organism 

that are of public health importance [2] through the activities of the 

handlers. Th e regular usage and handling of this device, provides 

an opportunity for the transmission of infections [3-5]. Some of 

the bacteria reported to be associated with mobile phone include; 

Klebsiella sp., Salmonella sp., Staphylococcus aureus, Bacillus cereus 

etc. Muktar et al. [6] reported that the rate of bacterial contamination 

of mobile phones is very high and that the resistance pattern 

observed among the bacteria associated is also a huge challenge to the 

commonly available drugs. 

In Nigeria, which is a part of Africa, mobile phone users have 

increased dramatically. Th e activities of the phone users play critical 

role in the contamination of phones and spread of pathogens. Hence, 

this could enhance transmission of diseases [7]. Th ere has been 

marked antibiotic resistance in bacteria isolated from mobile phones 

[8]. Also, gross resistance to Ampicillin, Penicillin, Cloxacillin and 

Cefuroxime has been documented [9]. Th erefore, the work was 

designed to investigate bacteria associated with mobile phones of 

diff erent users from rural community and pathogenicity study were 

subsequently studied.

MATERIALS AND METHODS

Sample collection

Study was conducted in Oyo State, Nigeria. A total of forty (40) 

mobile phones were randomly selected from diff erent phone handlers 

(All the phone users in the selected professions were included in the 

study). Th e 10 samples were unbiased distributed among Meat Sellers 

(MS), Nursing Mothers (NM), Food Sellers (FS) and Commercial 

Bike Riders (CBR). Four (4) ml of sterile physiological saline was 

dispensed into a sterile swab stick container and used as a transport 

medium. Th e surface of the phones was thoroughly swabbed using 

swab sticks and then quickly put into its container, sealed and was 

transported immediately to the laboratory. 

Isolation of bacteria

Sample was inoculated into Nutrient Agar and MacConkey Agar 

using 0.5 ml as the inoculum. Th e plates were incubated at 37°C for 

24-48 hours. Th e appearance of the colonies on MacConkey agar 

were monitored and recorded. Distinct colonies were sub-cultured 

onto Nutrient agar therefore the pure culture were subjected to 

morphological and biochemical tests according to [10,11] (Table 1).

Maintenance of the experimental albino rat

Male albino rats, rattus norvergicus albinos, (5 weeks old) 

weighing 120-200 g were purchased from Department of Veterinary 

Pathology, University of Ibadan, Ibadan. Th ey were housed in the 

Animal House, Department of Chemical Sciences, Ajayi Crowther 

University, Oyo and maintained on the formulated rat feed (Protein 

21% min, fat 3.5% min, fi bre 6.0% max, calcium 0.8%) from Ladokun 

feeds Ltd, Ibadan, Adequate water was also provided during the 

study. Animal experiments and housing procedures were performed 

in accordance to the animal care and ethical rules.

Inoculation of bacterial isolates into experimental albino 
rat 

Th e pure culture of bacterial isolates was suspended in 0.95% 

normal saline corresponds to 0.5 McFarland which corresponds to 

1.5×108 bacterial suspension/ ml. Th e animals were divided into six 

(6) group with two (2) animals in each group and were inoculated 

orally based on their weight. Th e weight of the animals that received 

single dose ranges from (120 g-148 g) while for double dose ranges 

from (150 g-196 g). Control group was also set up.

Parameters for haematological study

One ml of blood sample was collected from each rat in replicate by 

inserting a capillary tube into the media canthus of the eye and blood 

fl owed through the capillary tube into an EDTA (50 μl/ ml) tube for 

haematological analysis. Th is analysis was carried out according to 

method of Schalm et al. [12]. Erythrocyte and Total leucocytes count 

was done using haemocytometer [13]. Haemoglobin concentration 

and packed cell volume were also determined.

Parameters for histopathological study

Th e eff ect of the bacteria isolates on the organ functions were 

investigated by examining organs like; Liver, Kidney, Spleen, Lungs 

and Small intestine. Th e animals were sacrifi ced using cervical 

dislocation method. A ventral midline incision was made with scalpel 

blade from the xiphoid cartilage to the pelvic area. Th e fi ve organs 

(liver, kidney, spleen, lungs and small intestine) were harvested 

and fi xed in 10% formalin labeled bottles and histopathological 

examination was carried out according to method of Adetunji and 

Anyanwu [13]; Lillie et al. [14].
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RESULT

Determination of bacteria occurrence in the cell phone 
swabs

Eighty eight (88) bacteria were obtained in this study in which 

eighty four (84) were Gram positive and four (4) were Gram 

negative (Table 2). Th e occurrence of bacteria across the selected 

mobile phone users (CBR, FV, MS and NM) showed Bacillus spp. 

(36.3%) had the highest proportion while other bacteria occurred 

as follows: Staphylococcus sp. (39.7%), Staphylococcus aureus (9%), 

Corynebacterium xerosis (3.4%), Corynebacterium kutsceri (3.4%), 

Citrobacter freundii (1.1%), Salmonella sp. (1.1%), Serratia fonticola 

(1.1%) and Enterobacter sp. (1.1%). 

Determination of changes in the body weight of the 
experimental albino rats

In the animal study, the reduction in body weight was observed in 

the animal inoculated with Staphylococcus sp. as the weight dropped 

from 172 g to140 g and 120 g to 81.6 g respectively over the period 

of three weeks. Similarly, animal challenged with Citrobacter sp. had 

its weight reduced from 196 g to 144 g over the same period (Figure 

1). Interestingly, animals that received dose of Bacillus sp, initially 

had slight increase in weight in the fi rst week but thereaft er, weight 

reduced. Animal without bacteria inoculation served as control 

and for the period of experimental procedure the animal remained 

healthy, the feeding response did not change and the weight of 

the animal increased as time progresses (Plate 1).  Abnormal neck 

twisting was also observed in the rat inoculated with Bacillus cereus 

(Plate 2).

Determination of hematological indices in the experimen-
tal albino rats

In the haematological study, there was slight reduction in the 

Pack Cell Volume (PCV), Hemoglobin (HB), White Blood Cell 

(WBC) but slight increase in the number of platelets in the animal 

inoculated with Bacillus sp., Bacillus cereus, caused decrease in the 

PCV, HB, RBC, WBC, Lymphocyte and Neutrophil but slight increase 

in Monocyte while Eosinophil remain unchanged as observed in the 

control. Staphylococcus sp. and Salmonella sp. stimulated decrease 

in PCV, HB and WBC but increase in RBC and Platelet in the rat 

model (Table 3). Th ere was decrease in Lymphocyte, Monocyte and 

Eosinophil but increase in Neutrophil in albino rat inoculated with 

Staphylococcus aureus (Table 4). 

Determination of histopathological parameters in the 
experimental albino rats

From the histopathological study, the gut-associated lymphoid 

tissue was large and had prominent germinal centers with moderate 

numbers of villi which are short and stunted, low cryptal depth 

with necrotic debris in the lumen as demonstrated by Bacillus 

Table 1: Morphological and biochemical characterization of the bacteria isolated from selected phone handlers.

Characteristics Bacillus 
cereus

Bacillus sp Corynebacterium sp Staphylococcus sp
Staphylococcus 

aureus
Salmonella sp Enterobacter sp Citrobacter sp

Number 01 41 07 38 06 01 01 01

Gram reaction + + + + + - - -

Spore Staining + + - - - NP NP NP

Morphology Rod rod Rod cocci cocci rod rod Rod

Catalase + + + + + + + +

Oxidase NP NP NP NP NP - - -

Mannitol NP NP NP - + NP NP NP

Lactose NP NP NP NP NP - - +

Sucrose NP NP NP NP NP + + +

Glucose NP NP NP NP NP + + +

H2S NP NP NP NP NP + - +

Gas production NP NP NP NP + + + +

Coagulase NP NP NP +/- - NP NP NP

Starch hydrolysis + + + NP NP NP NP NP

MR +/- +/- + NP NP NP NP NP

VP +/- +/- - NP NP NP NP NP

Motility NP NP NP NP NP + + +

Indole NP NP NP NP NP - - -

Citrate NP NP NP NP NP + + +
NP – Not performed (NB: some of the tests were not performed because they are not required for the identifi cation e.g. coagulase test for differentiate coagulase 
positive Staphylococcus).

Table 2: Frequency of occurrence of bacterial isolates from different phone 
handlers.

Bacteria Commercial 
Bike Riders

Meat 
Sellers

Food 
Vendors

Nursing 
Mothers

Bacillus spp 14 11 05 04

Staphylococcus sp 05 09 06 15

Staphylococcus aureus 01 03 03 01

Corynebacterium sp 03 01 Nil 02

Citrobacter freundii Nil Nil Nil 01

Salmonella sp Nil Nil Nil 01

Serratia fonticola Nil Nil Nil 01

Enterobacter sp Nil Nil Nil 01
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Table 3: Total parameters of blood count in albino rat before and after inoculation.

Animal Code
PVC H.B RBC WBC Platelet

* ** * ** * ** * ** * **

1 45.00 49.00 15.30 15.30 7.44 7.64 11000.00 11000.00 100000.00 180000.00

2 40.00 48.00 13.80 13.40 6.59 11.48 9900.00 14050.00 113000.00 126000.00

3 39.00 33.00 13.40 10.20 6.31 10.88 11600.00 9850.00 101000.00 120000.00

4 40.00 39.00 13.70 11.20 6.57 5.63 8850.00 9950.00 150000.00 160000.00

5 47.00 34.00 15.60 10.50 7.47 6.44 14050.00 9650.00 169000.00 102000.00

6 48.00 30.00 14.30 11.80 6.41 6.42 14180.00 10000.00 118000.00 130000.00

7 35.00 40.00 13.80 10.00 6.31 8.48 11550.00 11500.00 105000.00 101000.00

8 42.00 38.00 14.30 13.40 7.21 6.67 9950.00 9655.00 142000.00 112000.00

9 40.00 41.00 13.70 10.60 7.43 9.28 11200.00 8850.00 105000.00 110000.00

10 38.00 32.00 14.80 11.50 6.21 7.21 9850.00 9450.00 101000.00 111000.00

11 45.00 31.00 15.30 10.50 7.44 8.28 11000.00 8880.00 100000.00 150000.00

PCV: Pack Cell Volume; HB: Haemoglobin; RBC: Red Blood Cell; WBC: White Blood Cell
KEY *Before Inoculation **After Inoculation.

Table 4: Total count humoral immune cells in albino rat before and after inoculation.

Animal Code
LYMP NEUT MONO EOS

* ** * ** * ** * **

1 68.00 68.00 30.00 30.00 1.00 1.00 1.00 1.00
2 66.00 50.00 29.00 38.00 3.00 2.00 2.00 1.00
3 64.00 43.00 32.00 21.00 1.00 3.00 3.00 1.00
4 61.00 49.00 35.00 29.00 2.00 2.00 2.00 1.00
5 60.00 47.00 31.00 31.00 1.00 2.00 2.00 2.00
6 68.00 51.00 28.00 27.00 1.00 2.00 1.00 1.00
7 59.00 38.00 33.00 28.00 3.00 3.00 2.00 1.00
8 65.00 40.00 29.00 31.00 2.00 2.00 1.00 1.00
9 61.00 50.00 35.00 22.00 1.00 1.00 3.00 1.00

10 66.00 41.00 31.00 35.00 2.00 - 2.00 1.00
11 68.00 42.00 30.00 21.00 1.00 3.00 1.00 1.00

LYMP: Lymphocyte; NEUT: Neutrophil; MONO: Monocyte; EOS: Eosinophil 
KEY *Before Inoculation **After Inoculation.
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ANIMALS CODE IDENTITY

WEEK 1 WEEK 2 WEEK 3
1  

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

CONTROL ANIMALS 

ANIMALS INOCUALTED 
WITH Bacillus sp. 

ANIMALS INOCUALTED 
WITH Bacillus cereus 

ANIMALS INOCUALTED 
WITH Citrobacter sp. 

ANIMALS INOCUALTED 
WITH Staphylococcus sp. 

ANIMAL INOCUALTED 
WITH Salmonella sp. 

Figure 1: Comparison of Weight of the Animal during the Period of Bacterial 
Infection

Plate 1: Animal without Bacteria Inoculation (Control).

Plate 2: Animal Showing Abnormal Neck Twisting after challenged with 
Bacillus cereus two weeks after inoculation.
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Plate 7: Mice infected with Citrobacter sp. showed bronchioles and alveoli are 
clear However, there are a few foci of mild thickening of alveolar interstitium 
(arrow).

Plate 8: Mice infected with Citrobacter sp. showed over-distended 
(emphysema) of the alveoli due to some foci of thickening of alveolar wall 
(star).

Plate 9: Mice infected with Staphylococcus few foci of hepatocellular necrosis 
hepatocytes. (arrows) 3 – 10 at 400X.

Plate 10: Mice infected with Staphylococcus sp. sp. showed a showed 
extensive foci of moderate vacuolar change of.

Plate 5: The mice infected with B. cereus showed multiple foci of tubules 
with Sloughed. Affected tubules (arrows)  appear cystic and dilated (Kidney).

 
Plate 6: The mice infected with B. cereus showed There are multiple foci of 
moderate fl attening of tubular epithelium. Affected tubules appear dilated off 
epithelium (Kidney).

Plate 3: Mice infected with Bacillus sp. showed moderate numbers of villi with 
a low cryptal depth.

Plate 4: Mice infected with Bacillus sp. showed numerous closely-packed 
villi. The gut-associated lymphoid tissue (star) is large and has prominent 
germinal centres.
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Plate 11: Mice infected with Salmonella sp. large and discrete lymphoid 
follicles (arrow) centre.

Plate 12: Mice infected with Salmonella sp. showed a few showed large and 
discrete lymphoid follicles with moth-eaten appearance of germinal (star).

cereus (Plates 3&4). Multiple foci of moderate fl attening of tubular 

epithelium with the aff ected tubules appearing dilated in the kidney 

and closely-packed hepatic plates (Plates 5&6). Th ere was appearance 

of large and discrete lymphoid follicles with moth-eaten appearance 

of germinal center of the spleen in the albino rat inoculated with 

Citrobacter sp. Th ere was over-distention (emphysema) of alveoli 

due to some foci thickening of alveolar wall of the Lung (Plates 7&8). 

However, albino Rat challenged with Staphylococcus sp. showed a few 

foci of hepatocellular necrosis of the liver. Th ere are a few foci of mild 

thinning of hepatic cords around the central veins resulting in dilated 

sinusoids in the liver of the albino rat inoculated with Bacillus sp. 

(Plates 9&10). Th e bacteria inoculation result in associated large and 

discreet lymphoid follicle with foci of pigment-laden macrophages in 

the spleen (Plates 11&12).

DISCUSSION 

Mobile phone is a potential source of disease transmission which 

plays the role of fomites. Pathogenic organisms have isolated from the 

swabbed samples of mobile phones as observed in our study which 

is similar to Famurewa and David, [15] that reported cell phone as a 

medium of transmission of pathogens. 

Girma et al. [16] reported contamination of cell phone and 

associated potential hazards. Th e fi ndings in this study showed that 

some of the pathogens present on the surface of the mobile phones 

were potential hazard if the organisms fi nd their ways into the 

susceptible host which could be animal or human especially whenever 

adequate hygiene is lacking. 

In the animal study, it was observed that there was reduction in 

the weight of the animal aft er the third week of inoculation which 

corresponds to the study conducted by Adetunji and Anyanwu 

[13]. Th ere was signifi cant reduction in the level of PCV, RBC and 

Hb in the rat inoculated with Bacillus sp., and Citrobacter sp. which 

is similar to the study of Anubama et al. [17] and Adetunji and 

Anyanwu [13]. Th e reduction of PCV, erythrocyte and Hb may be 

attributed to more than one factor, which is the failure to supply 

the blood circulation with cells from haem hepatic tissues, since 

the liver has an important role in the regeneration of erythrocyte or 

possible destructive eff ect on erythrocyte pathogenesis of the bacteria 

inoculated. Th ere was a signifi cant decrease in lymphocyte in all the 

animals inoculated with bacteria however, there was increase in the 

humoral immune response like neutrophil eosinophil and monocytes 

as observed in this study especially in rat inoculated with Citrobacter 

sp. and Staphylococcus sp. respectively. Th is is similar to report of 

Adetunji and Anyanwu [13].

Also, there were numerous closely-packed villi, gut-associated 

lymphoid tissue is large and prominent germinal centres which 

could account for reduced surface area thereby reducing rate re-

absorption of digested food. Some pathology revealed that wall of 

small intestine possesses moderate numbers of villi which are short 

and stunted. Necrotic debris in the lumen was observed in the study 

especially Bacillus cereus that showed sign of meningitis which has 

been sometime reported by Stevens et al. [18]. It was also observed 

that aff ected tubules of the kidney appeared dilated.

It was observed that alveoli of the lung become over-distended 

(emphysema) due to some foci of thickening of alveolar wall. Also, 

bronchioles and alveoli become marked with thickening of alveolar 

interstitium through inoculation with Citrobacter sp, Staphylococcus 

sp. similar to the result of Sherein et al. [19]. Th e hepatic plates of the 

liver become closely-packed together and few foci of hepatocellular 

necrosis due to inoculated Citrobacter sp and Staphylococcus sp. 

which is similar to the result obtained by Abdul-kareem [20] who 

inoculated rat with Enterobacter cloacae. It was also observed that 

there were large and discreet lymphoid follicles of the spleen which 

appeared moth-eaten at the centre revealing due to Citrobacter sp. 

and Staphylococcus sp.

CONCLUSION

Th is study showed that mobile phones may serve as a vehicle for 

the transmission of pathogenic organisms thereby resulting in disease 

condition. It can also be deduced that some of the bacteria associated 

with phone could have implication in condition that may be anaemic 

among infectious pathogens.  Th erefore, there is need to mount up an 

intervention programme to educate the people on impact of phone as 

a form of fomite and the hygienic way of handling hand set phones 

so as to minimize the risk of mobile phones as vehicles for disease 

transmission. 
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