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Abstract 

Background: Propolis and honey are natural bee products with wide range of biological and 
medicinal properties. The study investigated antimicrobial activity of ethyl alcohol extraction 
of propolis collected from Saudi Arabia (EEPS) and from Egypt (EEPE), and their synergistic 
effect when used with honey. Single and polymicrobial cultures of antibiotic resistant human 
pathogens were tested. 
Material and methods; Staphylococcus aureus (S. aureus),), Escherichia coli (E. coli) and Can-
dida albicans (C.albicans) were cultured in 10-100% (v/v) honey diluted in broth, or 0.08-1.0% 
(weight/volume) EEPS and EEPE diluted in broth. Four types of polymicrobial cultures were 
prepared by culturing the isolates with each other in broth (control) and broth containing 
various concentrations of honey or propolis. Microbial growth was assessed on solid plate 
media after 24 h incubation. 
Results; EEPS and EEPE inhibited antibiotic resistant E.coli, and S.aureus, and C.albicans in 
single and polymicrobial cultures. S.aureus became more susceptible when it was cultured with 
E.coli or C.albicans or when all cultured together. C.albicans became more susceptible when it 
was cultured with S.aureus or with E.coli and S. aureus together. The presence of ethyl alcohol 
or honey potentiated antimicrobial effect of propolis toward entire microbes tested in single 
or polymicrobial cultures. EEPS had lower MIC toward E.coli and C.albicans than EEPE. When 
propolis was mixed with honey, EEPS showed lower MIC than EEPE. In addition, honey 
showed lower MIC toward entire microbes when mixed with EEPS than when it was mixed 
with EEPE. 
Conclusion; 1) propolis prevents the growth of the microorganisms in single and mixed 
microbial cultures, and has synergistic effect when used with honey or ethyl alcohol, 2) the 
antimicrobial property of propolis varies with geographical origin, and 3) this study will pave 
the way to isolate active ingredients from honey and propolis to be further tested individually 
or in combination against human resistant infections. 
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Introduction 
Propolis is a resinous natural substance pro-

duced by honeybees from plant exudates, beeswax, 
and bee secretions. Propolis is composed of 50% resin, 

30% wax, 10% essential and aromatic oils, 5% pollen, 
and 5% other substances. However, the composition 
varies according to the geographical and plant 
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sources, and the collection season. The main function 
of propolis in honey bee hives is to control tempera-
ture, light, and humidity. Furthermore, it protects 
hives from pathogens and some colony invaders. 
Propolis has wide range of biological activities which 
include antimicrobial, antioxidant, anti-inflammatory, 
anaesthetic and anticancer properties. 

The antimicrobial activities of propolis toward 
various pathogens have been widely investigated. 
Propolis poses bacteriostatic activity against different 
bacteria, and in high concentration it has a bactericid-
al activity (1,2). However, few studies have been pub-
lished regarding its effects against multi-resistant 
pathogens. It was found that propolis can inhibit flu-
conazole-resistant Candida glabrata (3). Other studies 
showed that ethanol extract of propolis inhibits drug 
multi-resistant bacteria, MRSA, Enterococcus spp. and 
Pseudomonas aeruginosa (4-8). A study on the effect of 
ethanolic extract of propolis (collected from Turkey) 
against 39 microorganisms (14 resistant or drug mul-
ti-resistant to antibiotics) showed significant antimi-
crobial activities against Gram-positive bacteria and 
yeasts, while Gram-negative bacteria were less sus-
ceptible (9). 

Synergism between propolis and antibacterial 
agents has been observed (10-12). In this regard, it was 
found that there is synergism between propolis and 
antimicrobial drugs against S. aureus especially those 
agents that interfere on bacterial protein synthesis 
(12). Data showed that the combinations of propolis 
extract plus clarithromycin improved inhibition of H. 
pylori with synergistic or additive activity (13). A 
study investigating the possible synergism between 
propolis (collected in Brazil and Bulgaria) and anti-
biotics acting on the ribosome (chloramphenicol, tet-
racycline and neomycin) against Salmonella showed 
that Bulgarian propolis had antibacterial action, as 
well as a synergistic effect with antibiotics acting on 
the ribosome (14). 

Regarding polymicrobial culture, so far there is 
no study investigating the effect of propolis on the 
growth of multiple pathogens cultured together on 
the same media. In addition, to our knowledge there 
is no study investigating the synergism between 
propolis and honey. 

Other researchers and the authors have demon-
strated that honey has a potent antimicrobial activity 
(15-20). In addition, we have found that honey has 
considerable antimicrobial activity against fungi and 
bacteria when cultured together (21). Honey was 
mentioned in the Holy Quran 1400 years ago (And thy 
LORD taught the bee to build its cells in hills, on trees 
and in men’s habitations, then to eat of all the produce 

of the earth and find with skill the spacious paths of 
its LORD, there issues from within their bodies a 
drink of varying colors, wherein is healing for men, 
verily in this is a sign for those who give thought). It is 
also mentioned in the Talmud. Hippocrates and Cel-
sus used honey for wounds and ulcers. Prophet Mo-
hammed recommended honey for the treatment of 
diarrhea. 

The objectives of the present work are: 1) the 
investigation of the antimicrobial activity of propolis 
collected from King Saudi Arabia against drug re-
sistant bacteria and fungi and comparison with the 
antimicrobial activities of propolis collected from 
Egypt, 2) the study of the antimicrobial effect of 
propolis against antibiotic resistant polymicrobial 
cultures, and 3) the study of synergism between 
honey and propolis toward single microbial and 
polymicrobial cultures. Therefore, this is the first 
study investigating the synergism between propolis 
and honey and their effects on polymicrobial cultures. 

Materials and Methods 
Propolis preparation 

Propolis was crushed after freezing with liquid 
nitrogen to make a powder. The latter was added to 
70% ethyl alcohol and kept in a beaker covered with 
aluminum foil for one week at room temperature. The 
alcohol was evaporated and propolis was weighed 
and subjected to one of two methods of propolis con-
centration preparation; 
• Propolis in ethyl alcohol; The powder was dis-

solved in 70% ethyl alcohol to make propolis 
concentration 4.5% (weight/volume) and then 
various concentrations were made after dilution 
with nutrient agar (0.05 to 1.0%). 

• Propolis in broth; the powder was dissolved in 
70% ethyl alcohol and then kept in bathwater at 
37 o C in order to evaporate ethyl alcohol. The 
powder was weighted and dissolved in nutrient 
broth to make a concentration of 4.5% 
(weight/volume) and various concentrations 
were made after dilution with nutrient agar (0.05 
to 1.0%). 
In the first method, a minute amount of ethyl 

alcohol remained in the various concentrations of 
propolis, while in the second method ethyl alcohol 
was evaporated before dilution in the nutrient broth, 
so that pure propolis/nutrient broth was obtained. 

Honey sampling 
Sumra honey (Acacai Tortilis) was collected from 

Tahama, King Saudi Arabia. It was dark amber in 
color and it showed no sign of granulation or fer-
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mentation. Analysis of honey was done and revealed 
TDS 84.6, moisture 15.1, pH 3.66, glucose 32.3%, 
fructose 35.4%, sucrose 3%, Na 488 mg/100g of honey, 
Mg 2.1 mg/100g of honey, K 499 mg/100 gram honey, 
Ca 16.2 mg/100g of honey, Mn 0.10 mg/100g of 
honey, Cu 0.172 mg/100g of honey and Zn 0.283 
mg/100g of honey. The volume of honey necessary to 
achieve the required concentrations (10-100%, v/v) 
was aseptically added into sterile test tubes and nu-
trient broth was added to obtain the required honey 
concentration. Honey broth solutions were mixed by 
stirring with vortex. 

Preparation of Human pathogen cultures  
Fresh cultures of human pathogens, which in-

cluded S.aurues, E. coli and C. albicans, were obtained 
from the Microbiology Department, Bee Research 
Unit, King Saud University, Riyadh. The isolates were 
identified by the standard bacteriological techniques. 
The Kirby-Bauer method was used to test antibiotic 
sensitivity. Using a 10 microliter standard loop, a 
colony of each isolate was picked from the plate and 
transferred into 10 ml nutrient broth, and this broth 
culture was used after 24 h incubation in 37o C. Bacte-
rial growth was assessed visually on solid media as: 0 
colonies=no growth, 1-5 colonies=little growth, 6-20 
colonies =mild growth, 21-50 colonies=moderate 
growth, >50 and uncounted colonies=heavy growth 
and uncounted colonies+ full streak growth= very 
heavy growth. The experiment was performed in du-
plicate for each culture to verify the results. The cul-
tural media and materials were ready made and sup-
plied by the King Saud University store department.  

Antimicrobial Effects of honey on single cul-
tures of human pathogens 

In order to study the antimicrobial activity of the 
selected honey on the pathogenic isolates and to 
measure MIC the broth macro-dilution method was 
used. Specimen of each microorganism was taken 
from pure culture grown in 10 ml nutrient broth as 
described above. These specimens were cultured in 
broth containing different concentrations of honey by 
using a standard loop (10 μl). The cultures were in-
cubated at 37 o C for 24 h. Then after a loopful (10 μl) 
of the cultures of each of the specimens of microor-
ganisms was streaked onto agar plates. The streaked 
plates were incubated aerobically at 37o C and in-
spected after 24 h to measure MIC.  

Antimicrobial Effect of propolis on single cul-
tures of human pathogens 

In order to study the antimicrobial activity of the 
propolis from Saudi Arabia and from Egypt on the 

pathogenic isolates specimen of each pathogen was 
cultured in broth containing different concentrations 
of EEPS or EEPE to measure MIC. After incubation at 
37 o C for 24 h, a loopful of the cultures of each of the 
specimen microorganisms was streaked onto agar 
plates, incubated aerobically at 37 o C, and inspected 
after 24 h for microbial growth.  

Antimicrobial Effect of honey and propolis on 
polymicrobial culture 

Four types of mixed microbial cultures were 
prepared: mixture 1 contained S. aureus and S. E.coli; 
mixture 2 contained S. aureus and C. albicans; mixture 
3 contained E.coli and C. albicans; and mixture 4 con-
tained all three isolates. A loopful (10 μl) of fresh 
culture of each isolate was used for cultivation. Each 
mixture was cultured into broth (control) and into 
tubes containing various honey, EEPS and EEPE 
concentrations in broth. These cultures were incu-
bated at 37°C for 24 h. Then a loopful of the cultures of 
each of the specimen of the mixture was streaked onto 
appropriate solid agar plates to assess the viability of 
the isolates. Solid media included a mannitol salt agar 
for S. aureus, a MacConkey agar medial for E. coli, and 
Sabouraud media for C. albicans. The streaked plates 
were incubated aerobically at 37°C and inspected after 
24 h. 

Antimicrobial Synergism of honey and propo-
lis toward human pathogens 

After determination of MIC of honey and prop-
olis, various concentrations of honey and propolis 
below their MIC were prepared. Mixtures of honey 
and propolis were prepared by mixing various con-
centrations of honey with various concentrations of 
EEPS or EEPE (below their MIC). These mixtures were 
tested against the same pathogens as described above 
to identify whether there was synergism between 
honey and propolis. Synergism was identified when 
the MIC of honey or propolis in combination was 
lower than the MIC of honey or propolis alone.  

Effects of ethyl alcohol on microbial growth 
This experiment was designed to test if ethyl al-

cohol used to dissolve propolis before various con-
centrations were prepared in nutrient broth would 
pose anti-microbial effect. Specimen of each pathogen 
was cultured in broth containing different concentra-
tions of ethyl alcohol similar to those obtained after 
re-dissolving propolis and dilution to measure MIC 
toward single and polymicrobial cultures of the iso-
lates. After incubation at 37o C for 24 h, a loopful of 
the cultures of each of the specimen microorganisms 
was streaked onto agar plates, incubated aerobically 
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at 37°C, and inspected after 24 h for microbial growth. 
Four types of mixed microbial cultures were prepared 
as above. Each mixture was cultured onto broth (con-
trol) and onto tubes containing various ethyl alcohol 
concentrations in broth. These cultures were incu-
bated at 37°C for 24 h. Then a loopful of the cultures of 
each of the specimen of the mixture was streaked onto 
appropriate solid agar plates to assess the viability of 
the isolates. The streaked plates were incubated aero-
bically at 37°C and inspected after 24 h. 

Results 
Antimicrobial resistance testing showed that 

S.aureus was resistant to cefuroxime, amoxicillin, am-
picillin, and chloramphenicol while E.coli was re-
sistant to linezolid, vancomycin, erythromycin, ce-
furoxime, ampicillin, and kanamycin.  

Regarding the effect of ethyl alcohol prepared to 
dissolve propolis on the pathogens, the result showed 
that similar concentrations of ethyl alcohol in nutrient 
broth did not show anti-microbial effects. EEPS in-
hibited E.coli, S.aureus and C.albicans in single micro-
bial culture and in polymicrobial culture (Table 1). 
S.aureus became more susceptible to EEPS when cul-
tured with E.coli or C.albicans or when all cultured 
together. C.albicans became more susceptible to EEPS 
when it was cultured with S.aureus or with E.coli and 
S. aureus together. This showed that polymicrobial 
culture increases microbial susceptibility toward 

propolis collected in Saudi Arabia. EPPS, after va-
porization of ethyl alcohol showed similar inhibitory 
properties toward single microbial culture of the iso-
lates tested (Table 1,2). Regarding polymicrobial cul-
tures, the presence of ethyl alcohol in various con-
centrations of popolis prepared in nutrient broth de-
creased MIC of EEPS towards most of the cultures 
(Table 1,2). MIC of both EEPS and honey (when 
mixed together) was lower than their MIC (when 
tested individually) toward entire microbes tested in 
single or polymicrobial cultures (Tables 3, 4).  

EEPE inhibited all pathogens in single or 
polymicrobial cultures (Table 5). E.coli and S.aureus 
were more susceptible to EEPE when they were cul-
tured with C.albicans. When C.albicans and E.coli cul-
tures combined; E.coli became more susceptible to 
EEPE. This showed that polymicrobial culture in-
creases microbial susceptibility toward EEPS. MIC of 
EEPE and honey toward all the microorganisms was 
lower, when EEPE and honey combined, than MIC of 
honey or EEPE alone (Table 6). This might reveal 
synergism between them. 

EEPS had lower MIC toward E.coli and C.albicans 
than EEPE. When propolis mixed with honey, EEPS 
showed lower MIC than EEPE; this means that EEPS 
exhibited stronger synergism than EEPE. In addition, 
honey showed lower MIC toward entire microbes 
when mixed with EEPS than when it was mixed with 
EEPE (Table 7). 

 

Table 1. MIC of propolis (collected in Saudi Arabia) dissolved in ethyl alcohol toward single or polymicrobial cultures. VH: 
very heavy growth;*** not tested. 

Pathogens Control culture 
growth 

MIC when propolis dis-
solved in ethyl alcohol 
used in single culture 

MIC when propolis dissolved in ethyl alcohol used in polymicrobial cultures 
E.coli + C. albicans E.coli + S. aureus C. albicans + S. 

aureus 
E.coli + C. albicans + S. 
aureus 

E.coli VH 0.15 0.15 0.15 *** 0.15 
S.aureus VH 0.15 **** 0.10 0.10 0.10 
C.albicans VH 0.20 0.20 *** 0.18 0.15 

 
 

Table 2. MIC of propolis (collected in Saudi Arabia) dissolved in broth toward single or polymicrobial cultures. VH: very 
heavy growth, *** not tested. 

Pathogens Control cul-
ture growth 

MIC when propolis dis-
solved in broth used in 
single culture 

MIC when propolis dissolved in broth used in polymicrobial cultures 
E.coli + C. albicans E.coli + S. aureus C. albicans + S. aureus E.coli + C. albicans + S. 

aureus 
E.coli VH 0.15 0.20 0.20 *** 0.20 
S.aureus VH 0.15 *** 0.15 0.15 0.15 
C.albicans VH 0.20 0.20 *** 0.20 0.20 
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Table 3. MIC of honey and propolis (collected in Saudi Arabia) alone or combined with honey toward single microbial 
culture. 

Pathogens MIC when honey or propolis was used  MIC (%) when combination used  
Honey Propolis Honey Propolis 

E.coli 30 0.15 15 0.08 
S.aureus 30 0.15 15 0.08 
C.albicans 30 0.20 15 0.10 

 

Table 4. MIC (%) of honey and propolis (collected from Saudi Arabia) when combined together toward polymicrobial 
cultures, *** not tested. 

Pathogens MIC when honey or 
propolis was used in 
single microbial culture 

MIC (%) when combination used in polymicrobial cultures 
 E.coli + C. albicans E.coli + S. aureus C. albicans + S. aureus E.coli + C. albicans + S. aureus 

Honey Propolis Honey Propolis Honey Propolis Honey Propolis Honey Propolis 
E.coli 30 0.15 15 0.08 15 0.08 *** *** 15 0.08 
S.aureus 30 0.15 *** *** 10 0.08 10 0.08 10 0.05 
C.albicans 30 0.20 15 0.08 *** *** 15 0.10 15 0.10 

 

Table 5. MIC (%) of propolis (collected in Egypt) toward single or polymicrobial cultures. VH: very heavy growth, *** not 
tested. 

Pathogens Control MIC when propolis used 
in single culture 

MIC when propolis used in polymicrobial cultures 
E.coli + C. albicans E.coli + S. aureus C. albicans + S. au-

reus 
E.coli + C. albicans + S. au-
reus 

E.coli VH 0.25 0.15 0.25 *** 0.25 
S.aureus VH 0.15 *** 0.15 0.15 0.15 
C.albicans VH 0.25 0.15 *** 0.25 0.25 

 

Table 6. MIC of honey and propolis (collected in Egypt) alone or combined toward single microbial culture. 

Pathogens MIC when honey used  MIC when propolis used MIC when combination used  
Honey Propolis 

E.coli 30 0.25 20 0.20 
S.aureus 30 0.15 25 0.15 
C.albicans 30 0.25 25 0.20 

 

Table 7. Comparison between MIC of propolis collected from Saudi Arabia or Egypt toward single microbial culture when 
used alone or combined with honey. 

Pathogens MIC when propolis used MIC when propolis combined with honey 
Propolis collected from 
Saudi Arabia 

Propolis collected from 
Egypt 

Propolis collected from Saudi 
Arabia 

Propolis collected from 
Egypt 

E.coli 0.15 0.25 0.08 0.20 
S.aureus 0.15 0.15 0.08 0.15 
C.albicans 0.20 0.22 0.10 0.20 

 

Discussion 
There published many studies suggesting that 

propolis exerts a strong anti-bacterial activity, in ad-
dition to antifungal, antiviral and antiprotozoal 

properties. However, so far no study has been con-
ducted to investigate the antimicrobial influence of 
propolis on mixed microbial culture. This is the first 
study to report the effect of propolis on polymicrobial 
culture collected from human specimens. 
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In one study by Stepanovic et al., the MIC of 
propolis against Gram-positive bacteria was 
0.078%-1.25% and against yeasts was 0.16%-1.25%, 
while against Gram-negative bacteria was less, 1.25%- 
5%. Enterococcus faecalis was the most resistant 
Gram-positive bacterium, Salmonella spp. the most 
resistant Gram-negative bacteria, and C. albicans the 
most resistant yeast (11). In another study conducted 
in Portugal it was found that C. albicans was the most 
resistant and S. aureus the most sensitive to propolis 
collected from Portugal (30). In the present study MIC 
of propolis against Gram-positive S. aureus was 
0.15%-0.25%, against Gram-negative E.coli was 0.15% 
and against yeast C.albicans was 0.20%-0.22%. 

In the majority of the in vitro studies the antimi-
crobial activity of honey is measured by the size of the 
inhibition zone. For this purpose, the agar dilution 
assay technique or a disc impregnated in honey added 
to the agar inoculated with the microorganism was 
used. However, it was found that a disc impregnated 
with various concentrations of honey added to an 
agar plate became dry because of vaporization of fluid 
from the disc when the media were incubated at 73°C 
for 24 hours (22). Therefore, a series of various con-
centrations of honey or propolis in nutrient broth, in 
which the culture was grown, were used in the pre-
sent study. By using this method, it was easy to find 
the MIC of honey or propolis that inhibited the 
growth of pathogens. The more potent the antimicro-
bial activity of honey or propolis is, the greater the 
dilution that inhibited the growth of microorganisms. 
Furthermore, many studies have diluted honey with 
distilled water to obtain various v/v concentrations of 
honey (23-29). In the present study broth was used for 
dilution that closely matches wounds, which was a 
suitable medium for microbial growth. 

The mechanism of propolis antimicrobial activi-
ty is complex and might be attributed to the synergis-
tic activity between its various potent biological in-
gredients such as phenolics and flavonoids (31, 32). 
Basically, the antimicrobial properties of propolis are 
related to the synergistic effect of its various com-
pounds (33).It was found that propolis affects the cy-
toplasmic membrane , and it inhibits bacterial motili-
ty, enzyme activity, cell division, and protein synthe-
sis (34,35). Galagin and caffeic acid derived from 
propolis are enzymatic inhibition agents in bacteria 
(36, 37). Propolis inhibits RNA-polymerase which can 
explain partially the synergism of propolis with drugs 
that act by inhibiting protein synthesis (35). 

Many factors influence the antibacterial activity 
of propolis such as the propolis origin, bee species 
and extract preparation. The chemical composition of 
propolis demonstrates considerable geographic dif-

ferences. Propolis from Bulgaria, Turkey, Greece and 
Algeria contains mainly flavonoids and esters of caf-
feic and ferulic acids (38). Flavonoids (pinocembrin 
and galangin) and esters of phenolic acids of Euro-
pean propolis have been associated with the antibac-
terial activity (39). Austrian propolis has a potent ac-
tivity against C.albicans and German propolis was 
active against S.aureus and E. coli (40). In present 
study propolis collected from Saudi Arabia or Egypt 
has a potent antimicrobial activity against antibiotic 
resistant S. aureus and E.coli, and against C.albicans, 
tested in both single and polymicrobial cultures, and 
showed synergistic properties when they were mixed 
with honey. The effect of Brazilian propolis on H. py-
lori has been associated with lambdane-type diter-
penes and some prenylated phenolic compounds (41). 
The effect of Bulgarian propolis on H. pylori was sim-
ilar to that of Brazilian propolis fractions against oral 
anaerobic bacteria (MIC, 64–1024 μg ml−1) (33). 
Propolis collected from Saudi Arabia was more potent 
than that collected from Egyptian toward E.coli and 
C.albicans, and it exhibited stronger synergism when 
mixed with honey. Honey and propolis contains fla-
vonoids and phenolic compounds and this might ex-
plain in part their synergistic effects. In addition, both 
honey and propolis stimulate antibody production 
(42, 43). 

We have found for first time that honey collected 
from United Arab Emirates inhibits polymicrobial 
cultures as well as single microbial culture (21). In 
addition, polymicrobial culture of human pathogens 
increases their susceptibility to honey. Similar results 
were obtained in the present study; polymicrobial 
cultures increase the susceptibility of microorganisms 
to both propolis and honey. A great reduction was 
obtained in the growth of S. aureus when grown in the 
presence of E. coli. This reduction could not be ex-
plained by competition for nutrients because a higher 
grade of growth was obtained when S. aureus grew 
with other isolates (21). It was postulated that E. coli 
might secrete a Staphylococcus inhibitory factor that 
requires further investigation. Furthermore, studies 
have shown inhibition of S. aureus growth in mixed 
cultures with C. albicans (44). Pneudomonas aeruginosa 
produced substances that inhibited the growth of S. 
aureus (45). Significant suppression in the growth of C. 
pylori in the presence of Lactobacillus acidophilus was 
also observed (46). 

The variations in antibacterial activity of honey 
can be related to the amount of hydrogen peroxide 
and the presence of additional antibacterial compo-
nents derived from the nectar source. However, we 
have found that honey increased nitric oxide end 
products in various animals and humans’ biological 
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fluids and decreased prostaglandin concentration 
(47-49). 

The minor reduction in the growth of isolates 
when cultured together might be a result of competi-
tion for a limited nutrient resource. However, such 
reduction might be due to unidentified soluble sup-
pressor factors. Suppression of C. albicans by human 
salivary bacteria and by pure cultures of human oral 
strains of S. salivarius and S. mitior has been reported 
(50).  

The spread of antibiotic resistance is a global 
public health problem and a challenging issue (51). 
The U.S. Centers for Disease Control and Prevention 
(CDC, 2000) has described antibiotic resistance as one 
of the world’s most pressing health problems in the 
21st century (52,53). It is well established that the 
number of bacteria resistant to antibiotics has in-
creased, and many bacterial infections become re-
sistant to the antibiotic treatments. The WHO has 
identified antibiotic resistance as “one of the three 
greatest threats to human health”. Resistance includes 
agents used in the treatment of bacterial, fungal, par-
asitic, and viral infections. A wide range of biochem-
ical and physiological mechanisms may be responsi-
ble for resistance. A recent database revealed the ex-
istence of more than 20,000 potential resistance genes 
(r genes) of nearly 400 different types (54). Long list of 
pathogens are becoming resistant to antibiotics, in-
cluding Gram negative and Gram positive bacteria. It 
is clear that antibiotic resistance seems inevitable. 
Antibiotic resistance continues to rise, whereas de-
velopment of new agents to counter it has slowed. The 
European Commission decided on an unprecedented 
approach to drive the search for novel antibiotics by 
integrating the pharmaceutical industry, the research 
capacities of universities and small companies sup-
ported by public funding along with pric-
ing/reimbursement and regulatory bodies (55). 

Our finding can add valuable knowledge in the 
efforts to develop new antimicrobial substances for 
challenging infections. 
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