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Since some types of honey interact synergistically at sub-lethal {sub minimum inhibitory 
concentration (MIC)} concentrations with antibiotics, the work tested this activity of six Egyptian 
honey brands; three of potent (fennel, 2 of anise & black seed) as well as three of fair antimicrobial 
activity (multi-floral) against two G-ve and two G+ve multi drug resistant bacterial strains [E. 
coli AUMC B-243, Klebsiella pneumonia AUMC B-257 and Strept. agalactiae AUMC B-253 and 
methicillin resistant Staphylococcus aureus (MRSA)] using agar dilution method. The four bacterial 
strains had high resistance index (RI) ranging from 0.18 up to 0.73. All tested honey brands had 
different potencies of antimicrobial activity against all bacterial strains with MICs values (6-15%), 
where the best overall MIC was with the use of anise & black seed II (8.5%) followed by fennel 
(9.5%). Either of potent or fair antimicrobial honey brands showed synergistic action with different 
antimicrobial agents against MRSA with synergistic index (SI) ranged from 0.17 up to 0.39, where 
the best overall SI of each honey brand against the tested antimicrobial agents was with the use 
of anise & black seed I (0.39) followed by fennel (0.37). None of the tested honey types showed

Abstract

2Agriculture Research Center, Plant Protection Research Institute, Egypt

CIENT PERIODIQUE



Abdul-Hafeez, M. M., et al. (2020). Synergistic Antimicrobial Effect of Egyptian Honey With Antibiotics 
and Its Capability to Restore MRSA Sensitive to Oxacillin. CPQ Medicine, 8(4), 01-12.

Abdul-Hafeez, M. M., et al., CPQ Medicine (2020) 8:4 Page 2 of 12

Bacterial Strains: Three reference strains (E. coli AUMC B-243, Klebsiella pneumonia AUMC B-257 and 
Strept. Agalactiae AUMC B-253) Kindly provided from Assiut University Mycological center (AUMC) as 
well as a clinical MRSA strain harboring both mecA and icaA genes obtained from author’s previous works 
originated form bovine subclinical mastitis [3] were used.

Synergism of this activity when be combined with other antimicrobial agents is fully studied with either 
Newzeland Manuka honey [10-16], Egyptian sesame, eucalyptus [17], sidr [18], Saudiansidr, sommor [19], 
Indian dabur & patanjali [20] or Malaysian trigona honey [21]. Consequently,the use of antimicrobial 
agent-phytochemical combinations that will neutralize the resistance mechanism, enabling the drug to still 
be effective against resistant microbes [22].

Honey Samples: The study was conducted with six different honey brands (through the preliminary work 
as three of them of potent antimicrobial activity; one of fennel and two of anise & black seed, while the 
other three were multi-floral having fair activity)were obtained from apiaries reared in different geographic 
locations in Egypt and kept in dark bottles away from direct sun light or any source of heat.

Antimicrobial Sensitivity Testing: The four bacterial strains (two Gram’s positive and two Gram’s negative) 
were tested against 11 antimicrobial agents [Oxacillin (OX) 1μg, Ampicillin /Sulbactam (SAM) (20μg/disc 
- 10/10μg), Cefotaxime (CTX) 30μg, Ciprofloxacin (CIP) 5μg, Vancomycin (VA) 30μg, Rifamycin (RF) 
30μg, Doxycycline (DO) 30μg, Gentamicin (CN) 10μg, Oxytetracycline (T) 30μg, Penicillin (P) 10μg and 
Trimethoprim - Sulfamethoxazole (SXT) (25μg - 1.25/23.75μg); Bioanalyse, Turkey] using disc diffusion

Introduction

The emergence of drug-resistant bacteria is one of the most important global health crises [1] and searching 
for effective natural safe antimicrobials is of global concern [2]. Honey proved to have a potent natural in 
vitro antimicrobial activity either produced by Apis mellifera [3-6] or stingless Trigona spp. Bee [7-9].

The present work aimed to evaluate the possible the synergistic interaction of some Egyptian honey brands 
with common antibiotics against bacterial strains. Since methicillin resistant Staphylococcus aureus (MRSA) 
was classified by the World Health Organization (WHO) as one of twelve priority pathogens that threaten 
human health [23], the study was designed to examinecapability of the tested Egyptian honey types to 
restore a clinical stubborn multidrug resistant MRSA strain (harboring both mecA & icaA genes) sensitive 
to Oxacillin which is sensitive to all β-lactam antibiotics.

Material and Methods

bactericidal action and all had bacteriostatic activity but the interesting wonderful observation 
as that all tested Egyptian honey brands (either with of potent or fair activity) restored MRSA 
(methicillin resistant Staphylococcus aureus) sensitive to Oxacillin being MESSA (methicillin 
sensitive Staphylococcus aureus). The study concluded that all six tested honey either of potent or fair 
antimicrobial activity honey brands had variable synergistic activity with antibiotics against MRSA 
and restored it sensitive to Oxacillin.
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Bactericidal and Bacteriostatic Study: It was adopted for all six honey brands against the above referred 
MRSA strain as follows; 50% (v/v) in deionized distilled water of each six honeys brand were dispensed 
into sterile tubes. Then 0.1ml MRSA strain containing 5x105 was inoculated into those tubes and incubated 
for 24 h at 37ºC. This concentration resulted in the complete inhibition of bacterial growth. In order to 
verify whether the honey has a bacteriostatic/bactericidal, 1ml was added to 9ml broth without honey and 
incubated for 24, 48 and 72 h.; 0.1ml of those cultures was placed on nutrient agar (free of honey) for 24 h to 
check for signs of bacterial growth. If growth had occurred the honey type was considered as bacteriostatic 
and bactericidal when inhibition of growth persisted [27].

sensitivity method according to Kirby-Bauer as described in the guidelines of the National Committee 
for Laboratory Standards [24]. For Oxacillin inhibition zones Ø around the disc were measured after 24 
and 48 h using the following breakpoints: susceptible ≥ 13mm and resistance ≤ 11mm [25]. Antimicrobial 
resistance index (RI) of each tested bacterial strain was calculated.

Honey Minimum Inhibitory Concentration (MIC) Determination: Agar dilution method was done as 
each honey brand was dissolved in sterile deionized water to prepare a stock solution of 20% (v ⁄ v) honey 
immediately before use. Further dilutions were prepared by adding honey and sterile deionized water to 
sterile 10-ml volumes of molten double-strength nutrient agar (Oxoid) at 50ºC and pouring immediately 
to produce a range of plates containing honey at 2% (v ⁄ v) intervals between 2 and 20% (v ⁄ v). Plates were 
dried at 37ºC for 15 min before use. Undiluted overnight broth cultures of MRSA, E. coli AUMC B-243, 
Klebsiella pneumonia AUMC B-257 and Strept. Agalactiae AUMC B-253 was inoculated onto dried honey-
containing plates as 0.3μl spots. Plates were incubated at 37ºC for 24 h before visual assessment. Any visible 
bacterial growth against any honey concentration, higher concentration was tried till reached complete 
growth inhibition. Two replicate plates were used at each concentration of honey and the experiment was 
repeated at least twice [26].

Honey Antibiotics Synergism Study Against MRSA: Synergy assay was based on previously described 
procedures [28], where the above mentioned MRSA strain was used. The synergistic action of six types 
of honeys with the mentioned antimicrobial agents was assayed by the disc diffusion method on Mueller-
Hinton agar. After determination of MIC of honey, various concentrations of honey, 1% below their 
MIC were prepared (which permitted bacterial growth). Plates containing sub-inhibitory concentrations 
of honeys, as well as control plates without honey, were seeded with MRSA (5x105 CFU/ml) and the 
previously antimicrobial discs were placed onto the seeded plates. Plates were incubated 24 h at 35°C. The 
effect of honey was measured by the relation of diameters of the growth inhibition zones around the discs in 
the presence of honey to the diameters of the growth inhibition zones around the discs without the presence 
of honeys.

The maximized antimicrobial activity of different antibiotics by adding honey with subMIC and synergistic 
index (SI) is calculated as:-

A BSI
C
−

=
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Honey has been increasingly recognized as a potential therapeutic agent [29] due to its antibacterial 
activity as the most investigated biological property by the action of phytochemical contents [30] that differ 
geographically or seasonally [29]. So, the present work investigated 6 Egyptian honey brands for different 
views of their antimicrobial activity against multidrug resistant bacterial strains. The tested strains had RI 
0.18 - 73 (Table 1), as high index values since RI just ≥0.2 is considered high resistant strain [31] that might 
be originated from environments with misuse of antibiotics where resistance developed and spread [32]. 
Against these resistant bacterial strains, all tested Egyptian honey brands had potent antimicrobial activity 
with MIC values 6-15% (Fig. 1), where the least MIC (the most potent antibacterial action) appeared 
with the use of Anise and Black seed II (6%) followed by fennel (8%) against either MRSA or Klebsiella 
pneumoniae and the least activity was related to the three multi-floral honey brands (15%) against E. coli as 
shown in (Fig. 1). Moreover, the least overall MIC (most potent) against all tested bacterial strains as of that 
of anise and black seed II (8.5%) followed by fennel honey (9.5%). Anise and black seed lack documentary, 
while the antimicrobial activity of Egyptian fennel honey has been documented against MRSA [3] or 
different G +ve and G -ve bacterial strains [33-35].

Results & Discussion

A: inhibition zones Ø of sub MIC honey with antimicrobial agent.
B: inhibition zones Ø of antimicrobial agent only.
C: break point of inhibition zones Ø as reference [25].

Table 1: Antimicrobial study of the tested strains

Bacterial strains 
CTX

Ø zone of inhibition of the tested bacterial strains against tested 
antibiotics (mm) RI

P CIP VA SXT RF SAM CN T OX DO

G + ve
Strept.  

agalactiae 15 23 27 22 8 17 18 16 11 8 17 0.73

MRSA 14 23 31 23 30 35 20 18 40 11 36 0.36

G - ve
E. coli 8 8 26 20 8 15 8 21 25 8 30 0.55

Klebsiella 
pneumoniae 14 40 31 25 22 28 34 30 38 8 40 0.18

Underlined: resistant results RI: resistance index
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About the bactericidal study, neither potent nor fair antimicrobial honey brands had bactericidal action, 
but all of them showed bacteriostatic activity against the tested MRSA strain. The interesting promising 
observed result was that all tested honey (either with potent or fair antimicrobial activity) restored MRSA 
sensitive to oxacillin being MESSA which is sensitive to all β-lactam antibiotics penicillin derivatives, 
cephalosporins, monobactams, carbapenems and carbacephems [25]. (Table 2 & Fig 2,3) As documentary 
studies, both potent antimicrobial Saudian honey types (Sidr and Nigella sativa) had only bacteriostatic 
activity not as manuka honey which is widely documented as the most antimicrobial honey [27]. Synergistic 
susceptibility pattern of several microbes towards the natural antimicrobials and their combinations is 
indicated by significant decline in MIC or sub-lethal [18].

Figure 1: Minimum inhibitory concentration (MIC) of different honey brands against multidrug resistant bacte-
rial strains

Table 2: Synergistic effect of honey (↑) and the antimicrobial agents against MRSA

Antimicrobial 
agents

BP Antimicrobial 
disc only

Tested honey brand

Funnel
Anise and 
Black seed 

I

Anise and 
Black seed 

II

Multifloral  
I

Multifloral 
II

Multifloral 
III

Ø zone of inhibition of the tested antimicrobial agents(mm)
CTX 23 14 26 ↑ 21↑ 32↑ 14 16↑ 18↑

P 29 23 26↑ 28↑ 28↑ 24↑ 24↑ 32↑
CIP 21 31 40↑ 45↑ 33↑ 34↑ 33↑ 40↑
VA 12 23 30↑ 28↑ 26↑ 29↑ 24↑ 32↑

SXT 16 30 33↑ 30↑ 30↑ 35↑ 35↑ 35↑
RF 20 35 42↑ 45↑ 38↑ 40↑ 38↑ 40↑

https://en.wikipedia.org/wiki/Penicillin
https://en.wikipedia.org/wiki/Cephalosporin
https://en.wikipedia.org/wiki/Monobactam
https://en.wikipedia.org/wiki/Carbapenem


Abdul-Hafeez, M. M., et al. (2020). Synergistic Antimicrobial Effect of Egyptian Honey With Antibiotics 
and Its Capability to Restore MRSA Sensitive to Oxacillin. CPQ Medicine, 8(4), 01-12.

Abdul-Hafeez, M. M., et al., CPQ Medicine (2020) 8:4 Page 6 of 12

Against MRSA, all examined honey brands (both with potent and fair antimicrobial activity) showed syner-
gistic action with the tested antibiotics (Table 3, Fig 4 & 5). Moreover, the tested strain which was resistant 
against Cefotaxime (CTX), still resistant with sub-MIC of four honey types but only with fennel or anise 
and black seed II it showed sensitive activity (Fig 4). Also, against penicillin (P) still resistant except with 
multifloral III, while against Ampicillin /Sulbactam (SAM) appeared to still resistant only with Anise and 
Black seed II and restored sensitive with other honey types (Table 2). It is obvious that both potent and 
fair antimicrobial honey brands had variable synergistic activity with SI of each honey brand against each 
antimicrobial agent (0.17 - 0.39), where the three potent antimicrobial honey types had high SI more than 

Figure 2: Multifloral I (honey of fair antimicrobial action)

SAM 29 20 30↑ 33↑ 28↑ 30↑ 25↑ 30↑
CN 15 18 24↑ 26↑ 28↑ 24↑ 22↑ 18
T 19 40 45↑ 46↑ 44↑ 40↑ 40↑ 42↑

OX 13 11 18↑ 19↑ 18↑ 16↑ 16↑ 16↑
DO 19 36 45↑ 45↑ 45↑ 38↑ 42↑ 40↑

MRSA bacteriostatic action √ √ √ √ √ √
MRSA bactericidal action --- --- --- --- --- ---

Underlined: resistant results (↑): positive synergism 
B P: Breakpoint of Ø inhibition zone sensitivity [25]

Figure 3: Anise and black seed II (honey of potent antimicrobial action) restored MRSA sensitive to Oxacillin.
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Table 3: Synergistic index (SI) of the tested honey brands with antimicrobial agents against MRSA.

the other fair types, but with the highest overall SI values as with the use of anise & black seed I (0.39) 
followed by fennel (0.37) as shown in table (3). Against MRSA, Manuka honey showed synergistic action 
with linezolid [14], Oxacillin [10,13] and rifampicin [11]. Moreover, it showed active synergism with cipro-
floxacin, ceftazidime, and tobramycin against P. aeruginosa [16]. Against S. aureus, Malysian trigona honey 
with ampicillin [21], Saudi sidr and sommor honey with Ofloxacin, Pipracillin, Amoxicillin plus Clavulanic 
acid or Sulphamethoxazole plus trimethoprim [19], or multifroral Algrian honey with Amoxicillin plus 
Clavulanic acid, Gentamicin, and trimethoprim plus Sulfamethoxazole [36] proved good synergistic ac-
tions. Also Egyptian sesame and eucalyptus with Ciprofloxacin, Cifotaxim and Tobramycin against different 
Clostridium Spp. [17] or Egyptian undefined floral honey with Ceftazidime, Cefoperazone, Cefoxitin and 
Imipenem against Strept.pyogenes [37] showed promised synergistic activity. Manuka honey interacts syn-
ergistically at sub-lethal (sub MIC) concentrations with Oxacillin, restoring the drug’s effectiveness against 
MRSA [10,13].

Antimicrobial 
agents

SI values of the tested honey brand

Funnel Anise and 
Black seed I

Anise and 
Black seed II

Multifloral  
I

Multifloral 
II

Multifloral 
III

CTX 0.52 0.30 0.78 0.00 0.09 0.17
P 0.10 0.17 0.17 0.03 0.03 0.31

CIP 0.43 0.67 0.10 0.14 0.10 0.43
VA 0.58 0.42 0.25 0.50 0.08 0.75

SXT 0.19 0.00 0.00 0.31 0.31 0.31
RF 0.35 0.50 0.15 0.25 0.15 0.25

SAM 0.34 0.45 0.28 0.34 0.17 0.34
CN 0.40 0.53 0.67 0.40 0.27 0.00
T 0.26 0.32 0.21 0.00 0.00 0.11

OX 0.46 0.54 0.46 0.31 0.31 0.31
DO 0.47 0.47 0.47 0.11 0.32 0.21

Overall SI 0.37 0.39 0.32 0.22 0.17 0.29
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It is documented that the activated ArlR recognizes a 20-bp imperfect inverted repeat sequence in the ica 
operon, which is involved in intercellular adhesion polysaccharide production [41]. The over expression of 
spx in arlRS gene [42] could be affected by Manuka honey [10] restoring Oxacillin resistance in MRSA. 
Manuka honey affects (down regulation) MRSA accessory gene regulator genes (agrB, agrC, agrD) 
responsible for virulence and biofilm formation and cidB responsible for bacterial cell division [43]. The 
reversion of Oxacillin resistance to Oxacillin susceptibility owing to a reduced expression of mecR1 caused 
by Manuka honey [10] may have resulted from a down-regulation of agr. Reversal of oxacillin resistance in 
MRSA not only achieved by Manuka honey [10,13,44] but also it has been reported using some medicinal 
extracts (green tea, red sage or Chinese liquorice) [45]; owing to the affected mecAgene, MRSA (either 
from human origin or bovine mastitic milk) missed mecA gene using PCR testing after exposure to sidr 
honey by the combinations of different phytochemicals with antibiotics, since after exposure of MRSA

Figure 4: Synergistic action of anise and black seed II

Figure 5: Synergistic action of anise and black seed II honey with CTX against MRSA. Honey with RF against 
MRSA

β-lactam antibiotics (e.g. Oxacillin) target enzyme penicillin-binding proteins (PBPs), the enzyme encoded 
SCCmec including mecA that conferring resistance to the entire class of β-lactam drugs [38] - the gene which 
is regulated by mecR1 gene [39] - prevents peptidoglycan synthesis, this explain the role of mecA in Oxacillin 
resistance [40]. The restore MRSA Oxacillin resistance (being MESSA) is due to the down regulation of 
mecR1 affecting mecA through regulation of arlRS gene which is necessary for MRSA adhesion, biofilm 
formation, and virulence [41].
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7. Nishio, E. K., Ribeiro, J. M., Oliveira, A. G., et al. (2016). Antibacterial synergic effect of honey from two 
stingless bees: Scaptotrigona bipunctata Lepeletier, 1836, and S. postica Latreille, 1807. Scientific Reports, 6, 
21641.

1. Raval, Y. S., Mohamed, A., Zmuda, H. M., et al. (2019). Hydrogen-Peroxide-Generating Electrochemical 
Scaffold Eradicates Methicillin-Resistant Staphylococcus aureus Biofilms. Global Challenges, 3, 1800101.

to different Sidr honey, mecA gene was absent, this indicates that sidr honey has an inhibitory effect on 
mecA gene of MRSA [46]. Otherwise different Sidr honey brands inhibited coa (coagulase) and spa (staph 
binding protein) genes of MRSA (originated from catfish) responsible for some of its virulence but did not 
affect mecA gene responsible for Oxacillin resistance [18], the issue which needs more investigation using 
the same honey brands against MRSA of different origins. Despite of that all the tested honey brands 
were bacteriostatic, it is of great interest that all tested Egyptian honey brands restored MRSA sensitive to 
Oxacillin regardless to its mechanism.

Conclusion

The study concluded that the tested Egyptian honey brands have good antimicrobial activity against 
multidrug resistant bacterial strains. All these honey types (either of potent or fair antimicrobial action) 
showed synergistic action with antimicrobial agents against MRSA and restored it sensitive to Oxacillin. 
Subsequently, the study recommended the use of honey either solo or together with the effective antimicrobial 
agents since it has direct action against MRSA over its MIC or even with sub MIC, it results synergism of 
antimicrobial action.

Conflicts of Interests

2. Abdul-Hafeez, M. M. (2019). Testimony for veterinary apitherapy. International Journal of Complementary 
& Alternative Medicine, 12(1).

3. Hamouda, S. M., Abd El Rahman, M. F., Abdul-Hafeez, M. M., et al. (2018). Egyptian fennel honey and/
or propolis against MRSA harboring both mecA&icaA genes. Int J Complement Alt Med., 11(3), 180-185.

4. Girma, A., Seo, W. & She, R. C. (2019). Antibacterial activity of varying UMF-graded Manuka honeys. 
Plos One.

5. Ghramh, H. A., Khan, K. A., Mohammed, A., et al. (2019). Antibacterial potential of some Saudi honeys 
from Asir region against selected pathogenic bacteria. Saudi Journal of Biological Sciences, 26, 1278-1284.

6. Hermanns, R., Cremers, N. A. J., Leeming, J. P., et al. (2019). Sweet Relief: Determining the antimicrobial 
activity of medical grade honey againstvaginal Isolates of Candida albicans. J. Fungi., 5, 85.

Bibliography

The authors declare that there is no conflict of interests regarding the publication of this article.

https://www.nature.com/articles/srep21641
https://www.nature.com/articles/srep21641
https://www.nature.com/articles/srep21641
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6551415/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6551415/
https://medcraveonline.com/IJCAM/IJCAM-12-00442.pdf
https://medcraveonline.com/IJCAM/IJCAM-12-00442.pdf
https://pdfs.semanticscholar.org/f8a7/9bfcd861138da92f91c59917746d92a3e879.pdf
https://pdfs.semanticscholar.org/f8a7/9bfcd861138da92f91c59917746d92a3e879.pdf
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0224495
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0224495
https://www.ncbi.nlm.nih.gov/pubmed/31516358
https://www.ncbi.nlm.nih.gov/pubmed/31516358
https://www.ncbi.nlm.nih.gov/pubmed/31505796
https://www.ncbi.nlm.nih.gov/pubmed/31505796


Abdul-Hafeez, M. M., et al. (2020). Synergistic Antimicrobial Effect of Egyptian Honey With Antibiotics 
and Its Capability to Restore MRSA Sensitive to Oxacillin. CPQ Medicine, 8(4), 01-12.

Abdul-Hafeez, M. M., et al., CPQ Medicine (2020) 8:4 Page 10 of 12

9. Ngalimat, M. S., Abd. Rahman, R. N. Z. R., Yusof, M. T., et al. (2019). Characterisation of bacteria iso-
lated from the stingless bee, Heterotrigonaitama, honey, bee bread and propolis.

10. Jenkins, R. E. & Cooper, R. (2012). Synergy between oxacillin and manuka honey sensitizes methicillin-
resistant Staphylococcus aureus to oxacillin. J Antimicrob Chemother., 67, 1405-1407.

13. Liu, M., Lu, J., Müller, P., et al. (2015). Antibiotic-specific differences in the response of Staphylococcus 
aureus to treatment with antimicrobials combined with manuka honey. Frontiers in Microbiology, 5(779), 1.

12. Campeau, M. E. M. & Patel, R. (2014). Antibiofilm Activity of Manuka Honey in Combination with 
Antibiotics. International Journal of Bacteriology, 2014(795281), 1-7.

14. Hayes, G., Wright, N., Gardner, S. L., et al. (2018). Manuka honey and methylglyoxal increase the sen-
sitivity of Staphylococcus aureus to linezolid. Lett Appl Microbiol., 66(6), 491-495.

11. Müller, P., Alber, D. G., Turnbull, L., et al. (2013). Synergism between Medihoney and Rifampicin 
against Methicillin-Resistant Staphylococcus aureus (MRSA). Plos One., 8(2), e57679.

16. Roberts, A. E. L., Powell, L. C., Pritchard, M. F., et al. (2019). Anti-pseudomonad Activity of Manuka 
Honey and Antibiotics in a Specialized ex vivo Model Simulating Cystic Fibrosis Lung Infection. Frontiers 
in Microbiology, 10(869).

15. Liu, M. Y., Cokcetin, N. N., Lu J. (2018). Rifampicin-Manuka Honey Combinations Are Superior to 
Other Antibiotic-Manuka Honey Combinations in Eradicating Staphylococcus aureus Biofilms. Frontiers in 
microbiology, 8(2653).

17. Hegazi, A., Abd El-Moez, S. I., Abdou A. M., et al. (2014). Synergistic Antibacterial Activity of Egyp-
tian Honey and Common Antibiotics against Clostridium Reference Strains. Int. J. Curr. Microbiol. App. 
Sci., 3(8), 312-325.

18. Enany, M. E., Algammal, A. M., Shagar, G. I., et al. (2018). Molecular typing and evaluation of Sidr 
honey inhibitory effect on virulence genes of MRSA strains isolated from catfish in Egypt. Pak. J. Pharm. 
Sci., 31(5), 1865-1870.

20. Saha, A. & Mandal, S. (2015). In vitro Assessment of Two commercial Honey Samples for Antibacterial 
and Antioxidant Activities. Austin J Trop Med & Hyg., 1(1).

21. Wen-Jie, N., Ping-Ying, L., Yek-Jia, C., et al. (2017). Synergistic Effect of Trigona Honey and Ampicillin 
on Staphylococcus aureus Isolated from Infected Wound. International Journal of Pharmacology, 13(4), 403-407.

19. Masoud, E. A., Alqurashi, A. M. & Alamin, A. A. (2015). Synergistic Effects of Honeys and Commonly 
Used Antibiotics on Gram Positive Bacteria. Egypt. Acad. J. Biolog. Sci., 7(1), 101-109.

8. Amin, F. A. Z., Sabri, S., Mohammad, S. M., et al. (2018). Therapeutic Properties of Stingless BeeHoneyin 
Comparison with European Bee Honey. Advances in Pharmacological Sciences, 2018(6179596), 1-12.

https://www.ncbi.nlm.nih.gov/pubmed/31497388
https://www.ncbi.nlm.nih.gov/pubmed/31497388
https://www.ncbi.nlm.nih.gov/pubmed/22382468
https://www.ncbi.nlm.nih.gov/pubmed/22382468
https://www.ncbi.nlm.nih.gov/pubmed/25674077
https://www.ncbi.nlm.nih.gov/pubmed/25674077
https://www.hindawi.com/journals/ijb/2014/795281/
https://www.hindawi.com/journals/ijb/2014/795281/
https://www.ncbi.nlm.nih.gov/pubmed/29575121
https://www.ncbi.nlm.nih.gov/pubmed/29575121
https://www.ncbi.nlm.nih.gov/pubmed/23469049
https://www.ncbi.nlm.nih.gov/pubmed/23469049
https://www.ncbi.nlm.nih.gov/pubmed/31105667
https://www.ncbi.nlm.nih.gov/pubmed/31105667
https://www.ncbi.nlm.nih.gov/pubmed/31105667
https://www.ncbi.nlm.nih.gov/pubmed/29375518
https://www.ncbi.nlm.nih.gov/pubmed/29375518
https://www.ncbi.nlm.nih.gov/pubmed/29375518
https://www.ijcmas.com/vol-3-8/Ahmed%20Hegazi%2C%20et%20al_.pdf
https://www.ijcmas.com/vol-3-8/Ahmed%20Hegazi%2C%20et%20al_.pdf
https://www.ijcmas.com/vol-3-8/Ahmed%20Hegazi%2C%20et%20al_.pdf
https://www.ncbi.nlm.nih.gov/pubmed/30150182
https://www.ncbi.nlm.nih.gov/pubmed/30150182
https://www.ncbi.nlm.nih.gov/pubmed/30150182
https://pdfs.semanticscholar.org/3717/eabdfb707287c73164bab6fbf6c0d1343ca6.pdf%3F_ga%3D2.264330248.669689322.1580727312-380640355.1580727312
https://pdfs.semanticscholar.org/3717/eabdfb707287c73164bab6fbf6c0d1343ca6.pdf%3F_ga%3D2.264330248.669689322.1580727312-380640355.1580727312
https://scialert.net/abstract/?doi=ijp.2017.403.407
https://scialert.net/abstract/?doi=ijp.2017.403.407
https://eajbsg.journals.ekb.eg/article_16491.html
https://eajbsg.journals.ekb.eg/article_16491.html
https://www.hindawi.com/journals/aps/2018/6179596/
https://www.hindawi.com/journals/aps/2018/6179596/


Abdul-Hafeez, M. M., et al. (2020). Synergistic Antimicrobial Effect of Egyptian Honey With Antibiotics 
and Its Capability to Restore MRSA Sensitive to Oxacillin. CPQ Medicine, 8(4), 01-12.

Abdul-Hafeez, M. M., et al., CPQ Medicine (2020) 8:4 Page 11 of 12

24. NCCLS (2000). Performance Standards for Antimicrobial Disk Susceptibility Test. Approved Standard 
M2 - A7, M100 - S10. PA: National Committee for Laboratory Standards.

22. Ayaz, M., Ullah, F., Sadiq, A., et al. (2019). Synergistic interactions of phytochemicals with antimicrobial 
agents: Potential strategy to counteract drug resistance. Chemico-Biological Interactions, 308(1), 294-303.

27. Almasaudi, S. B., Alaa, A. M., Al-Nahari, Abd El-Ghany, E. M., et al. (2019). Antimicrobial effect of 
different types of honey on Staphylococcus aureus. Saudi Journal of Biological Sciences, 24, 1255-1261.

35. Nahed, M., Wahba, El Nisr, N. A., Hamouda, S. M., et al. (2011). Intramammary honey infusion: A new 
trend in the management of subclinical mastitis. Journal of Animal and Veterinary Advances, 10(20), 2740-
2744.

33. Ali, M. M., Nahed, M., Wahba Abdel-Rahman, M. F., et al. (2005). Antibacterial Activity of Honey for 
Treatment of Subclinical Bovine Mastitis:1- In vitro study of bacterial inhibins and chemical bioassay of 
some different honeys. 8th Cong. Egyptian Society Of Cattle Diseases, 11, Assiut , Egypt.

29. Hussain, M. B., Kamel, Y. M., Ullah, Z., et al. (2019). In vitro evaluation of methicillin-resistant and 
methicillin-sensitive Staphylococcus aureus susceptibility to Saudi honeys. BMC Complementary and Alternative 
Medicine., 19, 185.

23. Craft, K. M., Nguyen, J. M., Berg, L. J., et al. (2019). Methicillin-resistant Staphylococcus aureus (MRSA): 
antibiotic-resistance and the biofilm phenotype. The Royal Society of Chemistry 2019, Med. Chem. Commun.

25. Quinn, P. J., Carter, M. E., Markey, B. & Carter, G. R. (2004). Bacteriology: Clinical veterinary 
microbiology. (6thEd.) Mosby Edinburgh London New York Oxford Philadelphia St Louis Sydney Toronto.

26. Cooper, R. A., Molan, P. C., Harding, K. G., et al. (2002). The sensitivity to honey of Gram-positive cocci 
of clinical significance isolated from wounds. J. Appl. Microbiol., 93(5), 857-863.

30. Bucekova, M., Jardekova, L., Juricova, V., et al. (2019). Antibacterial Activity of Di_erent Blossom 
Honeys : New Findings. Molecules, 24, 1573.

31. Subramani, S. & Vignesh, S. (2012). MAR index study and MDR character analysis of a few golden 
Staph isolates. Asian Journal of Pharmacy and Life Science, 2(2).

32. Murugan, K., Kavitha, K. & Al-Sohaibani, S. (2015). Rifampicin resistance among multi-resistant 
MRSA clinical isolates from Chennai, India, and their molecular characterization. Genet Mol Res., 14(1), 
2716-2725.

34. Sayed, S. M., Ghada, A., Abou El-Ella, et al. (2009). Immune defense of rats immunized with fennel 
honey, propolis, and bee venom against induced staphylococcal infection. J Med Food., 12(3), 1-7.

28. Stepanović, S., Antić, N., Dakić, I., et al. (2003). In vitro antimicrobial activity of propolis and synergism 
between propolis and antimicrobial drugs. Microbiol. Res., 158, 353-357.

https://www.ncbi.nlm.nih.gov/pubmed/31158333
https://www.ncbi.nlm.nih.gov/pubmed/31158333
https://www.ncbi.nlm.nih.gov/pubmed/28855819
https://www.ncbi.nlm.nih.gov/pubmed/28855819
https://medwelljournals.com/abstract/%3Fdoi%3Djavaa.2011.2740.2744https://medwelljournals.com/abstract/%3Fdoi%3Djavaa.2011.2740.2744
https://medwelljournals.com/abstract/%3Fdoi%3Djavaa.2011.2740.2744https://medwelljournals.com/abstract/%3Fdoi%3Djavaa.2011.2740.2744
https://medwelljournals.com/abstract/%3Fdoi%3Djavaa.2011.2740.2744https://medwelljournals.com/abstract/%3Fdoi%3Djavaa.2011.2740.2744
https://www.ncbi.nlm.nih.gov/pubmed/12392533
https://www.ncbi.nlm.nih.gov/pubmed/12392533
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6514785/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6514785/
http://www.ajpls.com/admin/Issues/PIssue167.pdf
http://www.ajpls.com/admin/Issues/PIssue167.pdf
https://www.ncbi.nlm.nih.gov/pubmed/25867420
https://www.ncbi.nlm.nih.gov/pubmed/25867420
https://www.ncbi.nlm.nih.gov/pubmed/25867420
https://www.ncbi.nlm.nih.gov/pubmed/19627205
https://www.ncbi.nlm.nih.gov/pubmed/19627205
https://www.ncbi.nlm.nih.gov/pubmed/14717457
https://www.ncbi.nlm.nih.gov/pubmed/14717457


Abdul-Hafeez, M. M., et al. (2020). Synergistic Antimicrobial Effect of Egyptian Honey With Antibiotics 
and Its Capability to Restore MRSA Sensitive to Oxacillin. CPQ Medicine, 8(4), 01-12.

Abdul-Hafeez, M. M., et al., CPQ Medicine (2020) 8:4 Page 12 of 12

39. Hou, Z., Zhou, Y., Wang, H., et al. (2011). Co-blockade of mecR1/blaR1 signal pathway to restore 
antibiotic susceptibility in clinical isolates of methicillin-resistant Staphylococcus aureus. Arch Med Sci., 7(3), 
414-422.

36. Laallam, H., Boughediri, L., Bissati, S., et al. (2015). Modeling the synergistic antibacterial effects of 
honey characteristics of different botanical origins from the Sahara Desert of Algeria. Front Microbiol., 6, 
1239.

41. Ouyang, Z., Zheng, F., Chew, J. Y., et al. (2019). Deciphering the activation and recognition mechanisms 
of Staphylococcus aureus response regulator ArlR. Nucleic Acids Res., 47(21), 11418-11429.

46. Enany, M. E., AL-Gammal, A. M., Hanora, A. M., et al. (2015). Sidr Honey Inhibitory Effect on 
Virulence Genes of MRSA Strains From Animal and Human Origin. SCVMJ., XX(2), 23-30.

37. Abdel-Shafi, S., Al-Mohammadi, A. R., Hamdi, S., et al. (2019). Biological Characterization and 
Inhibition of Streptococcus pyogenes ZUH1 Causing Chronic Cystitis by Crocus sativus Methanol Extract, 
Bee Honey Alone or in Combination with Antibiotics: An In Vitro Study. Molecules, 24(16), Pii : E2903.

38. Lakhundi, S. & Zhang, K. (2018). Methicillin-Resistant Staphylococcus aureus: Molecular Characterization, 
Evolution, and Epidemiology. Clin Microbiol Rev., 12, 31(4), pii: e00020-18.

40. Reichmann, N. T. & Pinho, M. G. (2017). Role of SCCmec type in resistance to the synergistic activity 
of oxacillin and cefoxitin in MRSA. Sci Rep., 7(1), 6154.

42. Bai, J., Zhu, X., Zhao, K., et al. (2019). The role of ArlRS in regulating oxacillin susceptibility in methicillin-
resistant Staphylococcus aureus indicates it is a potential target for antimicrobial resistance breakers. Emerg 
Microbes Infect., 8(1), 503-515.

43. Jenkins, R., Burton, N. & Cooper, R. (2014). Proteomic and genomic analysis of methicillin-resistant 
Staphylococcus aureus (MRSA) exposed to manuka honey in vitro demonstrated down-regulation of virulence 
markers. J Antimicrob Chemother., 69(3), 603-615.

44. Cooper, R. A., Jenkins, L. & Henriques, A. F. (2010). Absence of resistance to medical grade manuka 
honey. Eur J Clin Microbiol Infect Dis., 29(10), 1237-1241.

45. Meng, J., Hu, B., Liu, J., et al. (2006). Restoration of oxacillin susceptibility in methicillin-resistant 
Staphylococcus aureus by blocking the mecR1-mediated signalling pathway. J Chemother., 18, 360-365.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3258742/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3258742/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3258742/
https://www.ncbi.nlm.nih.gov/pubmed/26594206
https://www.ncbi.nlm.nih.gov/pubmed/26594206
https://www.ncbi.nlm.nih.gov/pubmed/26594206
https://academic.oup.com/nar/article/47/21/11418/5584646
https://academic.oup.com/nar/article/47/21/11418/5584646
https://www.academia.edu/38545819/SCVMJ_XX_2_2015_23_Sidr_Honey_Inhibitory_Effect_on_Virulence_Genes_of_MRSA_Strains_From_Animal_and_Human_Origin
https://www.academia.edu/38545819/SCVMJ_XX_2_2015_23_Sidr_Honey_Inhibitory_Effect_on_Virulence_Genes_of_MRSA_Strains_From_Animal_and_Human_Origin
https://www.ncbi.nlm.nih.gov/pubmed/31405067
https://www.ncbi.nlm.nih.gov/pubmed/31405067
https://www.ncbi.nlm.nih.gov/pubmed/31405067
https://www.ncbi.nlm.nih.gov/pubmed/30209034
https://www.ncbi.nlm.nih.gov/pubmed/30209034
https://www.ncbi.nlm.nih.gov/pubmed/28733674
https://www.ncbi.nlm.nih.gov/pubmed/28733674
https://www.ncbi.nlm.nih.gov/pubmed/30924407
https://www.ncbi.nlm.nih.gov/pubmed/30924407
https://www.ncbi.nlm.nih.gov/pubmed/30924407
https://www.ncbi.nlm.nih.gov/pubmed/24176984
https://www.ncbi.nlm.nih.gov/pubmed/24176984
https://www.ncbi.nlm.nih.gov/pubmed/24176984
https://www.ncbi.nlm.nih.gov/pubmed/17024790
https://www.ncbi.nlm.nih.gov/pubmed/17024790

	_GoBack
	_GoBack
	_GoBack

