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ABSTRACT
Background: Drug resistance is widely believed to be an increasingly serious 
threat to global public health. We have previously reported that short term exposure of 
microorganisms to diagnostic ultrasound waves could significantly alter their sensitiv-
ity to antibiotics. In our previous studies, Klebsiella pneumoniae showed major differ-
ences in the sensitivity to antibiotics in exposed and non-exposed samples. This study 
was aimed at investigating the alteration of antibiotic resistance of Klebsiella pneumo-
nia, after exposure to Wi-Fi 2.4 GHz electromagnetic radiofrequency radiation.
Materials and Methods: In this in vitro study, three replicate agar plates were 
used for each test. The antibiotic susceptibility test was carried out using disc diffusion 
method on Mueller Hinton agar plates and the inhibition zones in both control and 
exposed groups were measured. A common Wi-Fi router was used in this study as the 
radiofrequency exposure source. Irradiated samples were exposed to Wi-Fi radiofre-
quency radiation for 3, 4.5 and 8 hours. 
Results: Statistically significant variations of sensitivity to antibiotics were found 
for all studied antibiotics after 4.5 hours of RF exposure, compared to non-exposed 
bacteria. Interestingly, the mean diameters of the inhibition zones after 3 hours of ex-
posure were less than those exposed for 4.5 hours. Following this rise in the sensitivity 
to antibiotics, a fall was observed in the bacteria exposed for 8 hours for all studied 
antibiotics. 
Conclusion: The findings of this study show a statistically significant rise in the 
sensitivity of Klebsiella pneumoniae to different antibiotics after 4.5 hours of exposure 
to 2.4 GHz Wi-Fi radiation, followed by a fall after 8 hours of exposure. These obser-
vations can be interpreted by the concept of non-linearity in the responses of Klebsiella 
pneumoniae to different antibiotics after exposure to electromagnetic radiofrequency 
radiation. As in this study a minimum level of effect was needed for the induction of 
adaptive response, these results also confirm the validity of the so-called “window 
theory”.
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Introduction

The genus Klebsiella, a member of the family Enterobacteria-
ceae,  are nonmotile, rod-shaped, gram-negative bacteria with a 
prominent polysaccharide capsule which frequently cause human 

nosocomial infections including urinary tract, intraabdominal and upper 
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respiratory tract infections (nosocomial pneu-
monia). Respiratory tract infections caused by 
Klebsiella pneumoniae couple with high rates 
of mortality and morbidity. Due to increasing 
frequency rate of strains which are resistant to 
multiple antimicrobial agents, management of 
these infections is a challenging issue in mi-
crobiology.

Furthermore K. pneumoniae is a potential 
community-acquired pathogen. The current 
hypothesis is based on this fact that these 
bacteria acquire multidrug resistance (MDR) 
through horizontal transfer from antimicrobial 
resistance genes. Several genes are involved 
in MDR pattern to commonly antimicrobial 
agents. Although, high prevalence of drug re-
sistance has been reported in MDR K. pneu-
moniae strains, there is limited information 
about the genomic features which can be re-
sponsible for the high-level of resistance.

We and other investigators have previously 
reported that radiofrequency radiation can in-
duce adaptive response phenomena [1-6]. We 
have previously shown that the dose window 
theory that is well discussed for adaptive re-
sponses induced by ionizing radiation is also 
valid for non-ionizing radiation [7]. As dis-
cussed by RE Mitchel, “the adaptive response 
in mammalian cells and mammals operates 
within a certain window that can be defined 
by upper and lower dose thresholds, typically 
between about 1 and 100 mGy for a single low 
dose rate exposure” [8]. On the other hand, 
as indicated by investigators who worked on 
ionizing radiation-induced adaptive responses 
[9-11], some of the findings on RF pre-expo-
sures support this theory that the induction of 
adaptive response requires a minimum level of 
damage to trigger this phenomenon [7, 12]. In 
this light, we have reported that there are simi-
lar patterns for induction of adaptive response 
by ionizing and non-ionizing radiations.

Over the past years,  our laboratory has fo-
cused on studying the health effects of expo-
sure of laboratory animals and human to some 
common sources of electromagnetic fields 

such as mobile phones [4, 13-18] and their 
base stations [19], laptop computers [20], and 
MRI [21], as well as occupational exposure to 
electromagnetic fields generated by cavitrons 
[17] or radar [22]. On the other hand, over the 
past several years we have developed tech-
niques for changing the sensitivity of bacte-
ria to antibiotics, heat and UV using physical 
stressors. Recently, we have shown that short 
term exposure of bacteria to mechanical waves 
generated by diagnostic ultrasonic devices 
could significantly alter their sensitivity to an-
tibiotics. In this paper we present our findings 
on non-linear responses and window theory in 
hormetic responses of K. pneumoniae to an-
tibiotics after exposure to electromagnetic ra-
diofrequency radiation.

Material And Methods

Isolation and identification of 
isolates

This in vitro case control study was per-
formed at the Ionizing and Non-ionizing Ra-
diation Protection Research Center (INIR-
PRC), Shiraz University of Medical Sciences 
(SUMS), Shiraz, Iran in 2015. The bacterial 
strains were obtained from the Pasteur In-
stitute of Iran (Klebsiella pneumonia ATCC 
700603).The samples were cultured on blood 
agar and MacConkey agar was used for the 
isolation of microorganism. The culture plates 
were incubated at 35°C for 18-24 hours and 
observed for the presence or absence of visible 
bacterial growth.

Antibiotic susceptibility tests
Antimicrobial susceptibility assay of K. 

pneumoniae was carried out using disc dif-
fusion method on Mueller Hinton agar plates 
(Figure 1). The fresh cultures of K. pneumo-
nia were diluted in Mueller Hinton Broth and 
matched with the 0.5 MacFarlaned turbidity 
standards to get 1×108 CFU/mL as total count. 
Bacterial suspensions were spread on mueller-
hinton agar (Lio, Italy). The antibiotic discs 
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were placed over the lawn and incubated at 
35 °C for 18-24 h. The inhibition zone around 
each an antibiotic disc was measured in mil-
limeter. 

Drug susceptibility test was performed for 
Aztreonam (AZT 30 μg), Cefteriaxone (CTR 
30 μg), Imipenem (IMI 10μg), Piperacilline 
(PIPRA 100 μg), and Cefotaxime (CTX 30μg) 
for this bacteria. All culture media and antibi-
otic discs were purchased from ROSCO Di-
agnostica (DK-2630 Taastrup, Denmark). Re-
sults of antibiotic susceptibility assay before 
and after exposure to Wi-Fi radiofrequency 
radiation were recorded and analyzed. The in-
hibition zone of each plate was recorded as the 
average of two diameters (in mm) measured 
at right angles to one another. Three replicate 
agar plates were used for each regime, accord-
ing to the Clinical and Laboratory Standard 
Institute (CLSI) guidelines (2013). 

Wi-Fi Router
A D-Link Wi-Fi router (D-Link, D-Link 

Corporation, Taiwan) was used in this study 
as the RF exposure source. This modem was 
exchanging data with a laptop computer that 
was placed in another room (5 meters away 
from the Wi-Fi router) during the exposure pe-

riod. The Wi-Fi router operated on power level 
of 1W and the Specific Absorption Rate at the 
distance of 5 cm in bacterial suspension (broth 
medium). 

Statistical Methods
The mean diameters of inhibition zones of 

the 3 replicates in exposed and non-exposed 
groups were compared using the non-paramet-
ric Mann-Whitney test. The significance level 
was considered at P < 0.05.

Results
Findings of this study are summarized in 

Table 1. Compared to the results obtained 
from unexposed bacteria, statistically sig-
nificant variations of sensitivity to antibiotics 
were found for all of the 5 antibiotics after 4.5 
hours of RF exposure. As shown in Figure 1 
the mean diameters of the inhibition zones ei-
ther after 3 hours or 8 hours of exposure were 
less than those of 4.5 hours of exposure.

Discussion
Altogether the findings of this study show a 

rise in the sensitivity of Klebsiella to differ-
ent antibiotics after 4.5 hours of exposure to 
2.4 GHz Wi-Fi radiation, followed by a fall 

 

Figure 1: Inhibition zone diameters before and after exposure to Wi-Fi radiofrequency radiation 
for 3, 4.5 and 8 hours.
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after 8 hours of exposure. These findings can 
be clearly interpreted by the concept of non-
linearity in the responses of these bacteria to 
antibiotics after exposure to electromagnetic 
radiofrequency radiation. These results also 
confirm the validity of the so-called “window 
theory” in hormetic responses to low levels 
of either ionizing or non-ionizing radiation. 
Mitchel has previously stated that the adaptive 
response in mammalian cells and mammals 
appears within a certain window with specific 
upper and lower dose thresholds (typically the 
upper and lower levels are 1 and 100 mGy, re-
spectively for a single low dose rate exposure) 
[8]. Furthermore, reserachers who worked on 
ionizing radiation-induced adaptive responses 
[9, 11, 23], has shown that the induction of 
adaptive response requires a minimum level 
of effect (damage) to trigger this phenomenon. 
Mortazavi has recently discussed that there are 
similar patterns for the induction of adaptive 
response by ionizing and non-ionizing radia-
tions [7]. As in this study we observed a rise in 

the diameters of inhibition zone (i.e. sensitiv-
ity of K. pneumoniae to different antibiotics) 
after 4.5 hours of exposure to 2.4 GHz Wi-Fi 
radiation, followed by a fall after 8 hours of 
exposure, it shows that these bacteria need a 
minimum level of damage for becoming resis-
tant to antibiotics. It seems that there are spe-
cific mechanisms for the induction of bacterial 
resistance after exposure to radiation. All of 
the antibiotic discs used in this study played 
their role through disrupting the cell wall syn-
thesis. Therefore, it can be concluded that per-
meability of the bacterial cell wall may be af-
fected by radiofrequency radiation. Hence, the 
entrance and exit of substrates by channels like 
efflux pumps in the cell wall can be altered by 
radiation. Based on these findings, we believe 
that exposure to 2.4 GHz Wi-Fi radiation as 
a physical method of altering the susceptibil-
ity of microorganisms to antibiotics, can open 
new horizons in challenging fields such as an-
tibiotic therapy of a broad range of diseases.

Taheri M. et al

Table 1: Antimicrobial susceptibility pattern of K. pneumoniae on disc diffusion.

Exposure Time Drug
Control

(Mean ±SD)

Exposure

(Mean ±SD)
P value

3 h

AZT 35.3 ±0.58 31.3±0.58 0.099
CTR 27.7±0.58 30±0 0.034*
IMI 27.7±0.58 30±0 0.034*

PIPRA 27.3±0.58 27.7±0.58 0.456
CTX 32.3±0.58 32.3±0.58 0.999

4.5 h

AZT 35.3 ±0.58 34.3±0.58 0.043*
CTR 27.7±0.58 31.7±0.58 0.043*
IMI 27.7±0.58 31.7±0.58 0.043*

PIPRA 27.3±0.58 30.3±0.58 0.043*
CTX 32.3±0.58 35.3±0.58 0.043*

8 h

AZT 35.3 ±0.58 30.3±0.58 0.999
CTR 27.7±0.58 27.7±0.58 0.999
IMI 27.7±0.58 27.3±0.58 0.456

PIPRA 27.3±0.58 26.3±0.58 0.999
CTX 32.3±0.58 29.7±0.58 0.043*

*(significant p<0.05)
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