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A B S T R A C T 
 
Bacterial infections have increased due to overuse of antibiotics and this issue has caused 

problems. One of the methods for destroy of infection is Ultraviolet radiation which can 
cause various behaviors in Bacteria and may eventually lead to genetic mutation  . In this 
paper we study two types of bacteria such as Bacillus cereus and Bacillus Subtilis 
resistance before and after Ultraviolet radiation (UV-C). The susceptibility and resilience 
of bacteria to UV light were examined using four different kinds of antibiotics. Two 
strains were irradiated with Ultraviolet radiation and they were cultured in Mueller-
Hinton Agar (MHA) and they were stored at 370 C and the growth of these two Bacteria 
was measured before and after irradiation. Irradiation was performed by using UV-C 

lamp. Antibiotic susceptibility of these two strains was investigated by using disk 
diffusion. Ultraviolet radiation and adding Antibiogram disks to the MHA culture caused 
Bacteria resistant to some disks. Bacterial colonies have become larger than before the 
ultraviolet radiation. According to the data, the number of bacteria declines as radiation 
exposure duration rises, suggesting that radiation could alter bacterial physiology. 
 

 

Introduction 

acterial resistance to drugs has seen 

abundance today. micro-organisms, like 
Bacteria may change after different 

times of radiation (Oskouee et al., 2020). 

The wavelength of  non- ionizing ultraviolet 

radiation is various that divided in to UV-A, UV-
B and UV-C, UV-A include(315-400nm), UV-B 

include(280-315nm) and UV-C include(100-

280nm) (KASRA et al., 2005). Annihilation of 

micro-organisms depends on the dose of UV 
radiation. In the case the UV radiation be in touch 

with micro-organisms, there are the most effect 

and damage it may change, this radiation has the 
most effect (Mousavi, Golbabaei, Pourmand, 

Rezaei, Hosseini, Helmi Kohneh Shahri, et al., 

2017). DNA damage and genetic mutation are all 

caused by UV radiation (Asgarani et al., 2006). 
micro-organisms can show various responses, 

including antibiotic resistance (Erfani et al., 

2007). Bacillus Cereus and Bacillus Subtilis are 
gram- positive, aerobic, spores and saprophytes 

that are found everywhere (Molayi Kohneshahri 
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et al., 2015) (Pajohi et al., 2010).The coating on 
the spores makes   the spores resistant to hard 

conditions(Ulrich et al., 2018). One of the agents 

with effect on food poisoning is Bacillus Cereus 

can produces toxic toxins that eventually lead to 
diarrhea and nausea, and most of these Bacteria 

are live in the soil  (Yeo et al., 2011). The 

composed spore species can tolerance hard 
conditions such as high temperature and dryness 

(Pajohi et al., 2010). 

Treatment with antibiotics should be done as 
needed because extreme use causes 

resistance(Kumar & Tripathi, 2017). Bacterial 

infections and inaccurate use of antibiotics have 

caused Bacterial show resistance to antibiotics 
(Norouzi et al., 2004). Micro-organisms show 

various sensitivities to radiation which depends 

on environmental agents (Kotiranta et al., 1999). 
The anti-oxidant compounds in the intra-cellular 

material of radiation resistant Bacteria have made 

them resistant to oxidative stress (Zamanian & 
Etemadifar, 2016). Recently, the abundant of 

resistance genes has reduced the performance of 

antibiotic (Berahou et al., 2007). Antibiotics can 

prevent Bacteria from reproduction and 
annihilate them (Kumar & Tripathi, 2017). 

Resistance to Bacterial drugs causes a major 

challenge in healthcare field and infection and 
forces lots of heath costs. This study was 

performed to investigate the susceptibility form 

to UV radiation of these two strains that will be 

discussed in the following.  

Methods 

Collecting and identification of bacterial 

samples 

This research is an experimental study that was 

performed by sampling from laboratory that has a 

radiation source. This sampling was performed to 
different areas: lamp key, lamp, latchkey, spring 

protection, door spring(inside), the floor and 

elevator. The sampling method was swab 

specimen that has contact with these areas. Swabs 
were cultured as sterile samples on MHA plates. 

Bacteria were identified by gram straining 

(Kiyani et al., 2017). 

 

 

Antibiogram test 

Antibiogram test  is a quick  way to determine the 

susceptibility of various micro-organisms to  

different antibiotics (Fatemi Motlagh et al., 2010) 

the diffusion disk method was used according to 
the CLSI guidelines to measure the resistance. 

Initially, the equivalent to half McFarland 

turbidity was prepared according to the protocol 
of MHA cultivation company (Erfani et al., 2008) 

and then the Bacterial suspension equivalent to 

half McFarland by the means swap, it was 
cultivated in a grassy manner on MHA culture 

(Saadat et al., 2014) and after that 

AZM(Azithromycin)-PRL (Piperacillin)-PB 

(Polymyxin-B)-OX (Oxacillin) disks (from 
medicine antibody company) were placed on the 

culture medium and using a sterile pence for do 

it.  

Assessing the antibiotic susceptibility of 

strains to ultraviolet radiation 

The samples were irradiated in two times )10 and 
20 minutes( that the plates were opened in sterile 

condition during irradiation so whole plate was 

irradiated completely under radiation with 0/25 
J
M−2Sec−1
⁄    intensity by UV lamp  that oriented 

in distance of 40 cm from the radiation source. 

During irradiation, doors of case and control 
plates were open. The plates were directly under 

UV lamp. After irradiation, The samples were 

incubated for 18 hours at 370C then the inhibition 
zone diameter were measured using a growth 

measuring ruler (KASRA et al., 2005). Then by 

the means of a ruler, the inhibition zone diameter 
of bacterium was measured in millimeter and 

susceptibility changes were measured before and 

after irradiation. 

 

Results and Discussion 

 The susceptibility to Bacteria can change and 

even annihilate over a period of time under 
radiation and can be resistant or susceptible 

depending on where they have already grown. 

The Bacillus cereus and Bacillus Subtilis grow 
after a first irradiation and their number after the 

second irradiation decrease. If the Bacteria are 

more resistant to antibiotics, they will live longer 

and if they are less resistant, they will die sooner 
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(Norouzi et al., 2004). These two strains are very 
important because of their spores and toxicity 

(Hosseini Doust et al., 2016). Spores can survive 

in difficult conditions and be present everywhere 

(Setlow, 2001). UV radiation, in addition to 
causing free radicals and damage to substances 

such as proteins and nucleic acids, as a result it 

disrupts and can lead to mutation (Ghafari, 2015). 
A study in 2017 showed the density of micro-

organisms such as Bacillus Subtilis, Aspergillus 

Niger, Penicillin and Staphylococcus epidermis 
decreased after 60-90-120 minutes after UV 

radiation (Mousavi, Golbabaei, Pourmand, 

Rezaei, Hosseini, Helmi Kohneshahri, et al., 

2017). Studies have shown that the resistance or 
susceptibility of Bacteria depends on their living 

environment; UV radiation can cause problems in 

these bacteria and depends on the irradiation time 
(Gayán et al., 2013). In 2020 an article evaluated 

the antibiotic susceptibility of resistant 

staphylococcus aureus Bacteria with six different 
antibiotics (Azithromycin- Piperacillin- 

Oxacillin- Trimethoprim- Rifampin- Polymyxin 

B) under the gamma radiation (300Gy). After 

irradiation (by gamma cell) it became resistant to 
Piperacillin and Polymyxin B and susceptible to 

Oxacillin and Rifampin and Azithromycin 

(Oskouee et al., 2020). The results of this research 
are consistent with the results of Tamizi et al 

(2017) with the difference that in this article 

different doses of ultraviolet radiation were 

investigated.  
Study of mutated Bacteria with two types of UV 

and gamma radiation was shown the resistant to 

Arsenic toxicity. The results showed within 3 
minutes of gamma irradiation and 120 minutes of 

UV irradiation, in addition to Bacterial resistance, 

the bacterial population were increased compared 
to the prototype (shafaei et al., 2017). In 2015, 

Yelmeh et al. Investigated the effect of UV 

radiation on the Escherichia Coli and Bacillus 

cereus Bacteria in milk and rice, which result 
shown Bacillus cereus is more resistant and the 

growth and number of Bacteria decreased 
(Yolmeh et al., 2015). This result are consistent 

with our results and after ultraviolet irradiation, 

the number of Bacteria were decreased by 

increasing irradiation. In 2010, Marko et al. 
Studied Bacillus Subtilis Bacterium under 

ultraviolet radiation that Bacterial population 

have increased compared to bacteria have not 
exposed to UV radiation (control group) 

(Wassmann et al., 2010). 

Table 1 shows the results  of the susceptibility and 
resistance of Bacillus Subtilic and Bacillus 

Cereus before and after irradiation versus 

millimeters on Bacteria. In figure 1 for Bacillus 

Cereus It was not formed any zone for PB and OX 
in control group and after UV they became 

susceptible. PRL and AZM after irradiation they 

were susceptible than control group. OX had 
mobility after irradiation and formed two zones. 

PRL has mobility before irradiation and after UV 

radiation the mobility has decreased. AZM forms 
two zones before irradiation with small colonies 

and colonies disappear after irradiation. For 

Bacillus Subtilis in figure 1 it was found that the 

susceptibility to OX, PB and PRL after UV 
radiation was decreased and the susceptibility for 

AZM after irradiation was increased. OX has 

small colonies before irradiation and after 
irradiation the number of colonies increased and 

also had mobility. The mobility of PB after 

irradiation has lost and is closer to the disk. PRL 

protect the mobility before and after irradiation 
but the mobility after radiation was decreased. 

AZM formed two zones after the irradiation 

although in control group there was only one 
zone. In figure 3 Bacteria colonies have also 

become larger and their growth increase than 

before ultraviolet radiation. In control group (A), 
the colonies are very small than the others and 

after irradiation the small colonies have changed 

as figures 3-B and 3-C. But after 20 minutes the 

number of colonies was decreased.  
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Table1. The inhibition zone diameter before and after UV 

*first sample is Bacillus Cereus, second sample is Bacillus Subtilis, 1=large colonies, 2=small 

colonies 

Figure1. Bacillus Cereus Bacterium before UV irradiation and after 10 minutes’ irradiation, A) 

before irradiation (control group) that is cultured in MHA plates and B) the antibiogram test 

after 10 minutes irradiation 

 
Figure2.Bacillus subtilis Bacterium test before and after UV irradiation, A) the control group B) after UV 

irradiation. (MHA culture), *= area of two zones 

 

Antibiotic  

Before UV(Control group)(mm) After UV(mm) 

Sample MHA1 Sample MHA2 Sample MHA1 Sample MHA2 

AZM 35 24 30 1= 35, 2=30 

OX - 20 14 1=16,2=8 

PRL 29 20 25 18 

PB - 6 10 - 
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Figure3. A) Control group, B) 10 minutes’ test C) 20 minutes’ test. MHA culture (MHA with the density 
of half McFarland) as it seen the Bacterial colonies are small in control group and after irradiation, 

dimensions of colonies were changed and became larger 

Conclusions 

This study was performed to investigate the effect 

of UV-C radiation on induction of antibiotic 

resistance of Bacillus Cereus and Bacillus 

Subtilis Bacteria. Ultraviolet radiation showed 
the susceptibility to OX and PB disk in Bacillus 

Cereus were increased and the susceptibility to 

PRL, OX and PB disk in Bacillus Subtilis were 
decreased and this is in turn promotes the spread 

and resistance to antibiotic. The present study 

showed that Bacteria behave differently against 
radiations. It is probability that the Bacteria were 

previously exposed to gamma radiation (Cs-137 

source - 100 mCi), in fact the Bacteria have been 

irradiated twice(UV irradiation after gamma 
irradiation ). They were first exposed to gamma 

radiation and then exposed to UV radiation. As a 

result, radiation resistance can indirectly transfer 
resistance to antibiotics and due to expression in 

the environment, the strain can have speared and 

resistance. The innovation of this article is that it 
has investigated the change in the behavior of 

bacteria due to gamma and ultraviolet radiation. 

First, the bacterial samples were irradiated by 

gamma radiation and then they were irradiated to 
ultraviolet radiation to investigate the change in 

their behavior. 
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