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Abstract

Background. Methicillin- resistant Staphylococcus aureus (MRSA) is a pathogenic bacteria involved in a wide spectrum of human 
diseases. Many virulence factors promote this widespread propagation. One important factor is acquiring antibiotic resistance 
genes, which leads to a reduction in the availability and efficacy of therapy options. Recently, research has suggested that the 
remarkable antimicrobial effect of antioxidants against superbugs such as MRSA shows synergistic effects when accompanied 
by antimicrobial therapy. This paper aims to examine the synergistic effects of ascorbic acid and nicotinamide with a panel of 
antibiotics used in antimicrobial therapy against MRSA.

Material and Methods. Two SCCmec type IV MRSA reference strains (EMRSA- 15 and USA300) and 10 MRSA clinical isolates 
feature in this paper. SCCmec typing was conducted on the 10 clinical isolates via multiplex PCR after identification. Synergy 
experiments on antioxidants and antibiotics were evaluated via checkerboard assay. The minimum inhibitory concentration 
(MIC) of each agent was determined in accordance with the Clinical and Laboratory Standards Institute (CLSI) M100 guidelines 
through twofold microdilution assay.

Results and Discussion. Synergy (FIC <0.5) was demonstrated for ascorbic acid (1/2 to 1/4 MIC) with rifampicin (1/2 to 1/8 MIC), 
and also ascorbic acid (1/2 to 1/16 MIC) when associated with vancomycin (1/2 MIC). Similarly, nicotinamide (1/2 to 1/16 MIC) 
showed a synergistic effect when paired with low concentrations of rifampicin (1/2 to 1/16 MIC), and also (at 1/4 to 1/16 MIC) 
with vancomycin (1/2 MIC). All reduced MICs due to synergistic combinations demonstrated statistical significance (P<0.05).

Conclusion. The synergistic activity demonstrated in associating antioxidants with antibiotics shows promise in managing 
superbugs. However, more research is required to better understand the mechanism of the synergy and for utilization in clini-
cal care.

DATA SummARy
Supplementary materials accompany this paper:

•	 File S1: extended range of MICs and FICs for all strains and crude statistical analysis.
•	 File S2: molecular analysis (SCCmec typing) of all strains with the reaction conditions used, gel electrophoresis pictures and 

SCCmec type identification key.
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InTRoDuCTIon
Methicillin- resistant Staphylococcus aureus (MRSA) is a pathogenic bacterium involved in a wide range of human diseases. 
The risk goes beyond healthcare settings into the community, and affects individuals without significant risk factors. Many 
virulence factors promote this widespread propagation, and one important factor is acquiring antibiotic resistance genes, 
which leads to a reduction in the availability and efficacy of therapy options [1].

Methicillin resistance in S. aureus is mainly facilitated via the mecA gene that is constituted in the staphylococcal chromo-
somal cassette (SCCmec) genetic element [2]. Furthermore, SCCmec elements vary in size amongst MRSA strains and can 
be categorized into more than 11 types; 1 of the most common is type IV in both healthcare settings (e.g. EMRSA- 15) and 
the community (e.g. USA300) [3].

Recently, antioxidants have been suggested to have a remarkable antimicrobial effect against superbugs like MRSA, showing 
synergistic effects when accompanied by antimicrobial therapy [4]. This feature is thought to be due to mechanisms such 
as increasing bacterial cell wall permeability, altering oxido- reduction reactions, decreasing the expression of adhesion 
molecules and minimizing proinflammatory cytokine production [5–7]. Indeed, investigating supplementary treatment for 
superbugs to improve the efficacy of current therapies is an important idea. Consequently, ascorbic acid and nicotinamide 
were considered in this study, not only due to their antimicrobial properties, but also because they are relatively cheap, 
widely available in a pure form, have low toxicity, and are supported in vegetarian and carnivorous diets, as well as being 
water- soluble compounds.

This paper aims to examine the synergistic effect of antioxidants (ascorbic acid and nicotinamide) with a panel of antibiotics 
used in antimicrobial therapy against MRSA.

mETHoDS
Bacterial isolates
Clinical strains
Ten consecutive, non- duplicate SCCmec type IV MRSA strains isolated from skin and soft tissue infections (SSTIs) swabs 
between December 2020 and April 2021 were obtained from the Microbiology Laboratory at Salmaniya Medical Complex 
(SMC), Kingdom of Bahrain. All strains were identified as MRSA via the BD Phoenix automated microbiology system (BD 
Diagnostic Systems, Sparks, MD, USA); SCCmec typing was conducted via multiplex PCR in accordance with Boye et al. [8]. 
Primers, reaction conditions and gel pictures can be seen in File S2, available in the online version of this article).

Reference strains
In this study, two MRSA reference strains were investigated; EMRSA- 15 and USA300 are SCCmec type IV MRSA refer-
ence strains, obtained courtesy of MRSA Reference Laboratory, Department of Microbiology, School of Medicine, Kuwait 
University.

Table 1. Dissolution conditions for agents used in this study

Agent Dissolution

Chloramphenicol Dissolved in absolute ethanol, then diluted with distilled water to maintain a stock concentration of 1000 µg ml−1

Ciprofloxacin Dissolved by glacial acetic acid, then diluted with distilled water to maintain a stock concentration of 1000 µg ml−1

Linezolid Dissolved in distilled water

Norfloxacin Dissolved by glacial acetic acid, then diluted with distilled water to maintain a stock concentration of 1000 µg ml−1

Oxacillin Dissolved in distilled water

Rifampicin Dissolved in methanol, then diluted with distilled water to maintain a stock concentration of 1000 µg ml−1

Tetracycline Dissolved in methanol, then diluted with distilled water to maintain a stock concentration of 1000 µg ml−1

Vancomycin Dissolved in distilled water

Nicotinamide Dissolved in distilled water

Ascorbic acid Dissolved in distilled water
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Stock preparation
In this study, two antioxidants (Sigma- Aldrich) were used individually (nicotinamide and ascorbic acid) and eight antibiotics 
(Sigma- Aldrich) were used (chloramphenicol, ciprofloxacin, linezolid, norfloxacin, oxacillin, rifampicin, tetracycline and 
vancomycin).

A 1000 µg ml−1 stock concentration was prepared for each antibiotic, as mentioned in Andrews [9]. Antioxidants were 
prepared as needed in stocks of 20 and 500 mg ml−1 for ascorbic acid and nicotinamide, respectively. Agents were dissolved 
according to the conditions listed in Table 1.

Checkerboard assay
The synergistic activity between antibiotics (compound A) and antioxidants (compound B) was tested via checkerboard assay 
in accordance with Garcia and Isenberg [10]. Each antioxidant (compound B) was paired with one antibiotic (compound 
A); thus, eight combinations were employed per antioxidant (Table 2).

A twofold serial microdilution was prepared in Muller–Hinton (MH) broth (Sigma- Aldrich) for each compound and dispensed 
in the corresponding well in a microtitre plate (Fig. 1). All combinations were tested in triplicate. The lowest concentration 

Table 2. Compounds used in the checkerboard assay

Compound A (starting concentration) Compound B (starting concentration)

Chloramphenicol (128 µg ml−1) Ascorbic acid (10 mg ml−1)

Ciprofloxacin (128 µg ml−1) Nicotinamide (250 mg ml−1)

Linezolid (16 µg ml−1)

Norfloxacin (128 µg ml−1)

Oxacillin (128 µg ml−1)

Rifampicin (1 µg ml−1)

Tetracycline (4 µg ml−1)

Vancomycin (4 µg ml−1)

Fig. 1. Checkerboard assay template.



4

AlSaleh et al., Access Microbiology 2023;5:000475.v4

preventing turbidity development after 24 h was regarded as the minimum inhibitory concentration (MIC). Microtitre plates 
were analysed via a Titertek Viewer plate reader (Titertek- Berthold, Germany).

The MICs of compounds A and B were determined in row H and column 12, respectively (Fig. 1). Bacterial inoculum at 
1×105 colony- forming units (c.f.u.) ml−1 was added to the microtitre plates in accordance with the Clinical and Laboratory Stand-
ards Institute (CLSI) guidelines, and the well at 12 h served as a positive control [11].

The microtitre plates were incubated at 37 °C for 24 h to determine the fractional inhibitory concentration (FIC). The ∑FIC was 
calculated as follows:

 ΣFIC = FICA + FICB = CA
MICA

+ CB
MICB   

where MICA and MICB are the MICs of compound A and B alone, respectively; and CA and CB are the concentrations of the 
compounds in combination, respectively, in the well corresponding to an MIC.

Cutoffs of ∑FIC:

synergy = <0.5

antagonism = >4

additive or indifference=0.5–4

∑FICmin=the lowest calculated value of fractional inhibitory concentration

∑FICmax=the highest calculated value of fractional inhibitory concentration

Statistical analysis
Statistical analysis (descriptive statistics and the unpaired t- test) was conducted using Microsoft Excel 365. All experiments 
were performed in triplicate and the data are expressed as the mean±sd whenever applicable. Differences between values 
were considered to be significant when the P- value was <0.05. Statistical analysis data are included in File S1.

Fig. 2. ∑FICmin results of incorporating ascorbic acid with antibiotics, synergistic FIC values falling in the gold region <0.5. The mean (& median) is 
represented by the line inside the box, and the whiskers represent the standard error bars.
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RESuLTS AnD DISCuSSIon
Ascorbic acid (vitamin C) and nicotinamide (vitamin B3) are essential micronutrients widely used in the food, pharmaceutical 
and cosmetics industries. Currently, ascorbic acid is one of the most widely used vitamin supplements in the world, and 
has demonstrated remarkable antimicrobial activity that has been shown to result from many factors, notably its ability 
to damage bacterial DNA and plasmids [12–14]. Similarly, nicotinamide has shown positive prognosis, especially against 
Mycobacterium tuberculosis infections and dermatological conditions [15, 16].

In the present study, ascorbic acid and nicotinamide were tested individually for synergistic activity with a panel of antibi-
otics, including chloramphenicol, ciprofloxacin, linezolid, norfloxacin, oxacillin, rifampicin, tetracycline and vancomycin, 
against SCCmec type IV MRSA strains. Synergy (FIC<0.5) was demonstrated for ascorbic acid (Fig. 2) and nicotinamide 

Fig. 3. ∑FICmin results of incorporating nicotinamide with antibiotics, synergistic FIC values falling in the gold region <0.5. The mean (& median) is 
represented by the line inside the box, and the whiskers represent the standard error bars.

Table 3. ∑FIC
min

 values of the checkerboard assay conducted for 10 clinical isolates

Isolate Ascorbic acid Nicotinamide

Rifampicin Vancomycin Rifampicin Vancomycin

∑FICmin sd ∑FICmin sd ∑FICmin sd ∑FICmin sd

1 0.4 0.1 0.4 0.08 0.1 0.08 0.3 0.05

2 0.2 0.03 0.5 0 0.1 0.04 0.5 0.03

3 0.3 0.1 0.3 0.03 0.1 0.05 0.3 0.03

4 0.4 0.1 0.3 0 0.1 0 0.3 0.18

5 0.4 0.13 0.7 0.13 0.1 0 0.3 0

6 0.4 0.07 0.8 0.2 0.1 0.03 0.3 0.05

7 0.5 0.18 0.4 0.15 0.1 0 0.4 0.1

8 0.3 0 1 0.15 0.1 0.02 0.4 0.06

9 0.3 0.1 0.4 0.5 0.1 0.15 0.4 0.01

10 0.4 0.15 0.3 0.05 0.5 0.2 0.6 0.2
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(Fig. 3) when associated with rifampicin and vancomycin via checkerboard assay. Consequently, demonstrated synergistic 
combinations were applied to 10 clinical isolates from the same SCCmec type for further verification (Table 3). The MIC of 
each agent (Table 4 and File S1) was determined via twofold serial microdilution in accordance with CLSI guidelines [17].

In this study, synergy (FIC <0.5) was demonstrated for ascorbic acid (1/2 to 1/4 MIC) with rifampicin (1/2 to 1/8 MIC) 
against EMRSA- 15, USA300 and 80 % of clinical isolates (Fig. 2 and Table 4). Similarly, 1/2 to 1/16 MIC of ascorbic acid, 
when associated with vancomycin at 1/2 MIC, demonstrated synergy against reference MRSA strains as well as 60 % of 
incorporated clinical isolates. Similar findings have been reported, as subinhibitory concentrations of ascorbic acid increased 
the efficacy of rifampicin and isoniazid against S. aureus and M. tuberculosis [18, 19]. Further, synergy with chloramphenicol, 
kanamycin, streptomycin and tetracycline was recorded against multi- resistant Pseudomonas aeruginosa [20]. In clinical 
settings, vitamin C vaginal suppositories showed comparable efficacy to metronidazole against bacterial vaginosis (BV); 
in fact, another paper recorded a better prognosis for BV when co- administering vitamin C and metronidazole [21, 22]. 
Additionally, co- administration of ascorbic acid with vancomycin has been associated with preserved renal function and 
reduced vancomycin- associated nephrotoxicity in animal models and critically ill patients [23, 24].

Likewise, nicotinamide (1/2 to 1/16 MIC) showed a synergistic response when paired with low concentrations of rifampicin 
(1/2 to 1/16 MIC) against 90 % of clinical isolates, as well as reference strains (Fig. 3 and Table 4). In addition, synergy was 
recorded against 80 % of clinical isolates and the reference strains when associating nicotinamide (1/4 to 1/16 MIC) with 
vancomycin (1/2 MIC). Unfortunately, we could not find articles in the literature that evaluate the synergistic effect of 
nicotinamide with antibacterial agents. It is worth noting that the discrepancy in the percentage of clinical isolates affected 
by the synergistic interaction might be because clinical isolates may harbour various virulence factors that may have hindered 
the demonstration of synergy.

All in all, there is no concrete explanation as to why ascorbic acid and nicotinamide synergize with the aforementioned 
antibiotics against MRSA. However, a few theories have been elucidated; antioxidants at subinhibitory concentrations in an 
iron- rich environment may act as pro- oxidants rather than antioxidants pleiotropically, generating oxidative stress (ROS 
production) that in turn inhibits bacterial biofilm and capsule formation by inhibiting efflux pumps, and also downregulating 
biofilm gene expression [25]. In addition, this oxidative stress would impair bacterial cell signalling, lipid alteration and 
ultimately lead to DNA damage [14, 26]. Even though the aforementioned explanations were examined against M. tuberculosis, 
Escherichia coli and Klebsiella pneumoniae, a similar paradigm might have occurred in our study, especially because we used 
MH broth, an iron- rich medium, and further the synergy only manifested at subinhibitory concentrations of the incorporated 
vitamins (1/2 to 1/16 of MIC). Hence, more research must be conducted to better understand the mechanism behind the 
demonstrated synergy so it can be used in clinical care.
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Table 4. MIC values for tested MRSA strains

Agent EMRSA- 15 USA300 Clinical isolates

MIC SD

Chloramphenicol (µg ml−1) 8 16 –

Ciprofloxacin (µg ml−1) 0.25 16 –

Linezolid (µg ml−1) 4 4 –

Norfloxacin (µg ml−1) 1 32 –

Oxacillin (µg ml−1) 128 48 –

Rifampin (µg ml−1) 0.5 0.32 0.24 0.16

Tetracycline (µg ml−1) 0.5 0.5 –

Vancomycin hydrochloride (µg ml−1) 2 2 1.5 0.5

Nicotinamide (mg ml−1) 60 60 60 0

Ascorbic acid (mg ml−1) 2.5 2.5 2.5 0



7

AlSaleh et al., Access Microbiology 2023;5:000475.v4

Author's contribution
Conceptualization and Methodology, A. Al- Saleh and M. Shahid; Data Curation, A. Al- Saleh and N. Kamal; Formal Analysis, A. Al- Saleh and M. Shahid; 
Writing and Editing, A. Al- Saleh, M. Shahid and K. Bindayna; Review, A. Al- Saleh, M. Shahid, E. Farid and K. Bindayna.

Conflicts of interest
The authors declare that there are no conflicts of interest.

References
 1. Asokan GV, Ramadhan T, Ahmed E, Sanad H. WHO global priority 

pathogens list: a bibliometric analysis of medline- PubMed for 
knowledge mobilization to infection prevention and control prac-
tices in Bahrain. Oman Med J 2019;34:184–193. 

 2. Gordon RJ, Lowy FD. Pathogenesis of methicillin- resistant Staphy-
lococcus aureus infection. Clin Infect Dis 2008;46 Suppl 5:S350–9. 

 3. Udo EE. Community- acquired methicillin- resistant Staphylococcus 
aureus: the new face of an old foe? Med Princ Pract 2013;22 Suppl 
1:20–29. 

 4. Shahzad S, Ashraf MA, Sajid M, Shahzad A, Rafique A, et al. Evalu-
ation of synergistic antimicrobial effect of vitamins (A, B1, B2, 
B6, B12, C, D, E and K) with antibiotics against resistant bacterial 
strains. J Glob Antimicrob Resist 2018;13:231–236. 

 5. Pandit S, Ravikumar V, Abdel- Haleem AM, Derouiche A, Mokkapati  
VRSS, et al. Low concentrations of vitamin C reduce the synthesis of 
extracellular polymers and destabilize bacterial biofilms. Front Micro-
biol 2017;8:2599. 

 6. Tintino SR, Morais- Tintino CD, Campina FF, Pereira RL, Costa M do S, 
et al. Action of cholecalciferol and alpha- tocopherol on Staphylococcus 
aureus efflux pumps. EXCLI J 2016;15:315–322. 

 7. Kawata A, Murakami Y, Suzuki S, Fujisawa S. Anti- inflammatory 
activity of β-Carotene, Lycopene and Tri- n- butylborane, a scavenger 
of reactive oxygen species. In Vivo 2018;32:255–264. 

 8. Boye K, Bartels MD, Andersen IS, Møller JA, Westh H. A new multi-
plex PCR for easy screening of methicillin- resistant Staphylococcus 
aureus SCCmec types I- V. Clin Microbiol Infect 2007;13:725–727. 

 9. Andrews JM. Determination of minimum inhibitory concentrations. 
J Antimicrob Chemother 2004;48 Suppl.

 10. Garcia LS, Isenberg HD. Clinical Microbiology Procedures Handbook. 
2010. 

 11. CLSI. Performance Standards for Antimicrobial Susceptibility Testing, 
M100. 31st. edn. Wayne, PA: Clinical and Laboratory Standards 
Institute; 2021.

 12. Naidu KA. Vitamin C in human health and disease is still a mystery? 
An overview. Nutr J 2003;2:2–7. 

 13. Amábile- Cuevas CF, Heinemann JA. Shooting the messenger of 
antibiotic resistance: plasmid elimination as a potential counter- 
evolutionary tactic. Drug Discov Today 2004;9:465–467. 

 14. Vilchèze C, Hartman T, Weinrick B, Jacobs WR. Mycobacterium tubercu-
losis is extraordinarily sensitive to killing by a vitamin C- induced Fenton 
reaction. Nat Commun 2013;4:1881. 

 15. Murray MF. Nicotinamide: An Oral Antimicrobial Agent With Activity 
Against Both Mycobacterium tuberculosis and Human Immunodeficiency 
Virus. Clinical infectious diseases : an official publication of the Infec-
tious Diseases Society of America, 2003, pp. 453–460.

 16. Rolfe HM. A review of nicotinamide: treatment of skin diseases and 
potential side effects. J Cosmet Dermatol 2014;13:324–328. 

 17. CLSI. Methods for Dilution Antimicrobial Susceptibility Tests for 
Bacteria That Grow Aerobically. 31st edn. edn. Wayne, Pennsylvania 
19087 USA: Clinical and Laboratory Standards Institute; 2021.

 18. Khameneh B, Fazly Bazzaz BS, Amani A, Rostami J, 
Vahdati- Mashhadian N. Combination of anti- tuberculosis drugs with 
vitamin C or NAC against different Staphylococcus aureus and Myco-
bacterium tuberculosis strains. Microb Pathog 2016;93:83–87. 

 19. Vilchèze C, Kim J, Jacobs WR. Vitamin C potentiates the killing of 
Mycobacterium tuberculosis by the first- line Tuberculosis drugs 
isoniazid and Rifampin in mice. Antimicrob Agents Chemother 
2018;62:e02165- 17. 

 20. Cursino L, Chartone- Souza E, Nascimento AMA. Synergic interaction 
between ascorbic acid and antibiotics against Pseudomonas aerugi-
nosa. Braz Arch Biol Technol 2005;48:379–384. 

 21. El- Saied N, Amer M, Elbohoty A, Saad M, Mansour M. Efficacy of 
vitamin C vaginal suppository in treatment of bacterial vaginosis a 
randomized controlled trial. J Gynecol Res 2016;2. 

 22. Mohammad- Alizadeh S, Dokhanchi T, Hakimi S, Javadzadeh Y, 
Takallu L, et al. The addition of vitamin C vaginal tablets to oral metro-
nidazole and its effect on the treatment and recurrence of bacterial 
vaginosis: a randomized triple- blind clinical trial. Int J Women’s Health 
Reprod Sci 2017;5:193–199. 

 23. Hesham El- Sherazy N, Samir Bazan N, Mahmoud Shaheen S, 
A Sabri N. Impact of ascorbic acid in reducing the incidence of vanco-
mycin associated nephrotoxicity in critically ill patients: a preliminary 
randomized controlled trial. F1000Res 2021;10:929. 

 24. Takigawa M, Yatsu T, Takino Y, Matsumoto S, Kitano T, et al. High- dose 
vitamin C preadministration reduces vancomycin- associated nephro-
toxicity in mice. J Nutr Sci Vitaminol 2019;65:399–404. 

 25. Xu C, Dong N, Chen K, Yang X, Zeng P, et al. Bactericidal, anti- biofilm, 
and anti- virulence activity of vitamin C against carbapenem- resistant 
hypervirulent Klebsiella pneumoniae. iScience 2022;25:103894. 

 26. Shivaprasad DP, Taneja NK, Lakra A, Sachdev D. In vitro and in situ 
abrogation of biofilm formation in E. coli by vitamin C through ROS 
generation, disruption of quorum sensing and exopolysaccharide 
production. Food Chem 2021;341:128171. 

Five reasons to publish your next article with a microbiology Society journal
1.  When you submit to our journals, you are supporting Society activities for your community.
2.  Experience a fair, transparent process and critical, constructive review.
3.   If you are at a Publish and Read institution, you’ll enjoy the benefits of Open Access across 

our journal portfolio.
4.  Author feedback says our Editors are ‘thorough and fair’ and ‘patient and caring’.
5.  Increase your reach and impact and share your research more widely.

Find out more and submit your article at microbiologyresearch.org.



8

AlSaleh et al., Access Microbiology 2023;5:000475.v4

Peer review history

VERSIon 3

Editor recommendation and comments

https://doi.org/10.1099/acmi.0.000475.v3.1
© 2022 Munnoch J. This is an open access peer review report distributed under the terms of the Creative Commons Attribution 
License.

John Munnoch; University of Strathclyde, SIPBS, UNITED KINGDOM, Glasgow

Date report received: 19 December 2022
Recommendation: Accept

Comments: This study would be a valuable contribution to the existing literature. This is a study that would be of interest to the 
field and community. Dear Abdullah AlSaleh, Thank you for your responses, these are very much appreciated as well as your 
experimental efforts.  Both reviewers and myself are satisfied with your edits and as a result formally accept the manuscript. Best 
wishes, John.

Author response to reviewers to Version 2

Response to Reviewers:

Greetings

Thank you considering this manuscript entitled “Synergistic antimicrobial effect of ascorbic acid and nicotinamide with rifampicin 
and vancomycin against SCCmectype IV Methicillin- Resistant Staphylococcusaureus(MRSA)”. We do apologize for the delay, but as 
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and antagonism simultaneously. Since it was confus-
ing (rightfully so), we opted to only represent the 
mean minimum value (FICmin) which basically is 
the most important value of synergy via the check-
erboard assay (Table4), (Supplementary material 1)

Figures 2 and 3 clearly illustrate the FIC values the 
authors intend to present, however are presented 
without error bars.

Standard error bars and the mean were added to the 
figures, with their corresponding numerical values

Can the authors present these values as mean MIC/
FIC plus standard error or deviation.

All the values were changed from ranges to means ± 
standard deviation

If the authors measured the turbidity of the wells at 
the endpoint of their assay, could they provide this 
data (e.g. in the form of a heatmap)?

An extended synergy tables was added to supple-
mentary material 1 for all strains included in the 
study. These table illustrate all the concentrations of 
all the combinations that yielded FICs under 0.5

I would however like to see justification as to why 
they chose to examine vitamin C and nicotinamide 
in particular.

We included the reasoning in the introduction.
Basically, they are cheap, abundant and most im-
portantly water- soluble, so they are versatile to 
work with in microbiological assays (e.g., dissolve in 
broths and conventional bacterial media). (P3L16-
 21)

Stock concentrations of antioxidants should be 
stated

We added the stock concentrations of antioxidants 
(P4L11- 13)

There is no reference for the determination of frac-
tional inhibitory concentration

There was at the beginning of the checkerboard as-
say paragraph.
“Garcia LS, Isenberg HD. Clinical Microbiology 
Procedures Handbook. Third Edition ed. Washing-
ton DC: ASM Press; 2010” (P4L16)

Can the authors comment on why there is no MIC 
data for clinical isolates against several antibiotics in 
Table 2?

Because the 10 clinical isolates were not tested 
against antibiotics other than Rif and Van, however, 
the clinical AST of these isolates was available, and 
we incorporated the results into supplementary 
material 1

There are no labels for axes and no explanation of 
how the data is presented which is very confusing 
for the reader

We added labels to the axis and all the necessary ele-
ments of the figures (Figure2&3)
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In general, the order of antibiotics and data presen-
tation should be consistent across all tables to allow 
ease of comparison for the reader.

This inconsistency is fixed, now all the tables and 
figures follow the same order of agents

can the authors comment whether they are referenc-
ing the fact that FIC ranges used to demonstrate 
synergy have an upper figure greater than the cut- off 
for synergy?

These ranges were meant to represent two different 
values FICmin and FICmax (synergy vs antago-
nism), we believe presenting the data in this form 
have made it very confusing, so, we opted to only 
present FICmin (synergy indicator) and rework all 
the tables and figures (table4)

Can the authors comment why they used LB instead 
of MHB in this study?

We actually didn’t use LB broth we only used MHB 
in this study, it was all a mistake in writing, be-
cause we simultaneously were working on inducing 
staphylococcal toxins via LB broth incubation for 
another project, so the names were interchanged in 
the writing process. Very sorry about that (P4L19)
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Comments: 1. Methodological rigour, reproducibility and availability of underlying data Materials and methods: Stock concentra-
tions of antioxidants should be stated There is no mention of how many replicates of the Checkerboard assay were performed. 
There is no reference for the determination of fractional inhibitory concentration General comments on data in Tables: Can the 
authors comment on why there is a range for some MICs and for the majority of FICs in Tables 2 and 3?   Following on from 
above, if the cut- off for additive or indifference for FIC is 0.5- 4, and the FIC range provided includes numbers greater than 
0.5, how can synergy be specifically stated? (e.g. supplementary material 1, bottom row of USA300- range is 0.156- 1)  Can the 
authors comment on why there is no MIC data for clinical isolates against several antibiotics in Table 2?  If it is because they 
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Greater explanation of the data is needed.  There are no labels for axes and no explanation of how the data is presented which 
is very confusing for the reader. If these graphs represent the data in supplementary material, how do the numbers in the range 
translate across?  There may be a better way to present the data rather than what looks like a bar graph. More information is 
needed Supplementary data: Presentation in excel sheets is inconsistent and not labelled clearly. Any highlighted cells in the 
spreadsheet should be clearly labelled with what the highlight means, in addition to an explanation of what the data is.  In general, 
the order of antibiotics and data presentation should be consistent across all tables to allow ease of comparison for the reader.    
In supplementary materials 1 and 2, MIC and FIC tabs are reversed, and due to an error there are no antibiotics listed apart 
from ciprofloxacin in supplementary material 1.   In supplementary material 2 under the vancomycin/ascorbic heading there 
are two columns, one containing " >1 " for all isolated- it is not clear what this means. 3. How the style and organization of the 
paper communicates and represents key findings Presentation of data has made it hard for the reader to interpret key findings. 
4. Literature analysis or discussion Results and Discussion comments: The discussion around "The discrepancy in the percentage 
of clinical isolates affected by the synergistic interaction might be due to human error" in lines 25 and 27, and lines 27 and 28 "It 
could also be because clinical isolates might harbour various virulence factors which might have hindered the demonstration 
of synergy"  doesn't fit with the rest of the discussion, which very much implies that synergy findings are demonstrated. The 
overall message of the discussion is that the findings show synergy, but then these sentences don't seem to fit- can the authors 
comment whether they are referencing the fact that FIC ranges used to demonstrate synergy have an upper figure greater than 
the cut- off for synergy? This is not clear and a bit confusing.  The language used in Lines 27 and 28 is also a bit confusing. Do 
the authors mean that there may be virulence factors present which protect against the synergistic effects of combined antibiotic 
and micronutrient treatment?  The authors mention using LB in their discussion, and the CLSI paper referenced in the methods 
describes using Muller- Hinton Broth.  Can the authors comment why they used LB instead of MHB in this study? 5. Any other 
relevant comments It is important to identify alternative/supplemental treatments for AMR infections. From this standpoint the 
aims of this paper are relevant and timely.

Please rate the manuscript for methodological rigour
Poor

Please rate the quality of the presentation and structure of the manuscript
Poor

To what extent are the conclusions supported by the data?
Partially support

Do you have any concerns of possible image manipulation, plagiarism or any other unethical practices?
No

Is there a potential financial or other conflict of interest between yourself and the author(s)?
No

If this manuscript involves human and/or animal work, have the subjects been treated in an ethical manner and the authors complied 
with the appropriate guidelines?
Yes
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to prepare antibiotic stock solutions? (P.5. L.12 - P.6. L.7) With regards to the checkerboard assay, the preparation of the assay 
is adequately explained, however could the authors please elaborate on how they established growth inhibition - did they count 
colony forming units or measure optical density. If they assayed inhibition using a plate reader, what plate reader? There is also 
no mention of if/how many replicates were performed for each assay, nor any attempt at statistical analysis of the results.  2. 
Presentation of results Despite carrying out multiplex PCR to type their 10 clinical isolates, the authors have provided no results 
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of this PCR to confirm the isolates' typing.  (P.11) Tables 2 and 3 communicate the MIC and FIC values clearly, however I disagree 
with the authors' argument that vitamin C and nicotinamide are showing synergy with rifampicin and vancomycin (P.8). This 
is because, in Table 3, the authors report a range of FIC values both below and above the 0.5 cutoff for synergy.  (P.12) Figures 2 
and 3 clearly illustrate the FIC values the authors intend to present, however are presented without error bars.  (Supplementary 
Tables 1 and 2) Referring back to my comment on the number of replicates performed on the checkerboard assay for each strain, 
the MIC and FIC values for the compounds tested by the authors are presented as ranges. Can the authors present these values 
as mean MIC/FIC plus standard error or deviation.  If the authors measured the turbidity of the wells at the endpoint of their 
assay, could they provide this data (e.g. in the form of a heatmap)? This would make the data easier to interpret. 3. How the 
style and organization of the paper communicates and represents key findings The paper is logically ordered and structured, 
however the absence of evidence of the authors' typing of their clinical isolates is conspicuous. They clearly explain their logic 
and the experimental design is sound and clearly explained apart from the concerns I have already raised.    4. Literature analysis 
or discussion The introduction of the paper is succinct, covering the background of the study and what the authors aimed to 
achieve by screening antioxidant synergy. I would however like to see justification as to why they chose to examine vitamin C 
and nicotinamide in particular. The authors discuss nicotinamide's effects on fungal growth, however I am not sure that is a 
relevant comparison to the work they are presenting here.  (P.8.L26- 28) The authors postulate that some of their results may have 
been affected by human error - this is a serious concern and should be addressed to ensure there is no question as to the validity 
of their results.  5. Any other relevant comments Overall, I believe the work here requires substantial revisions, in particular to 
show statistical significance of any synergy observed.  The authors also need to clarify how they quantified growth in their plates.
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Is there a potential financial or other conflict of interest between yourself and the author(s)?
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If this manuscript involves human and/or animal work, have the subjects been treated in an ethical manner and the authors complied 
with the appropriate guidelines?
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