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Antibiotic abuse: post-antibiotic apocalypse, superbugs and superfoods

Renu Bisht and Priti Saxena

Cases of antibiotic abuse have reached a phenomenal level worldwide and become a global health concern
affecting a larger number of people than those affected by the disease itself. Facilitating generation of mul-
tidrug-resistant superbugs, antibiotic misuse practices are a pressing issue worldwide, with the threat to
developing South Asian countries like India, being insurmountable. This commentary summarizes our know-
ledge about this global pandemic, its causes, effects and severity, and discusses the preventive measures
taken to curb antibiotic abuse. We highlight emergence of superfoods as natural antibiotics (or alternative

medicine) that hold potential to change the face of modern therapeutics.

Surprisingly, antibiotics which had
emerged as a boon for curing bacterial
infections are now the root cause of in-
fections leading to death among humans
globally'. The severity of the situation
can be measured by the findings of Cen-
ters for Disease Control and Prevention
(CDC), USA, which declared the use of
two-third of the antibiotics as inappro-
priate or unnecessary. What is more
alarming is the overuse or misuse of
antibiotics which causes more morbidity
than cancer and gives rise to some of the
deadliest pathogens known as superbugs.
Antibiotics are generally prescribed to
treat bacterial infections such as tubercu-
losis, pneumonia, gonorrhoea, typhoid,
stomach ulcers, strep throat, etc. It bene-
fits the host by fighting infection either
through Dbacteriostatic or bactericidal
mode of action. In parallel, some bacteria
escape treatment and develop resistance
against the given antibiotic. Bacteria
propagate, unaffected by the action of
antibiotics and generate more of their
kind. Antibiotic resistance thus is an in-
evitable process, leading to the formation
of dangerous strains of bacteria, like me-
thicillin-resistant Staphylococcus aureus,
vancomycin-resistant Enterococci, multi-
drug-resistant Mycobacterium tuberculo-
sis, and drug-resistant Streptococcus
pneumoniae, Pseudomonas aeruginosa
and Neisseria gonorrhea, to name a
few'. The menace is further augmented
as antibiotic-resistant bacteria, armed
with better survival strategies, aid other
bacteria in acquiring resistance genes
through horizontal gene transfer, thereby
producing a platoon of antibiotic-resis-
tant bacteria. Unexpectedly, it is not the
use of antibiotics, but their abuse which
has been the root cause of generating an-
tibiotic-resistant bacteria. Many factors
are involved in the genesis of antibiotic
abuse. Developing countries are more

affected due to easy availability of over-
the-counter drugs, lack of required
knowledge, over dosage or inappropriate
usage of antibiotics®>. One of the leading
abuses is self-medication, especially to
treat viral infections that are naturally in-
sensitive to antibiotics. India itself hous-
es the most dangerous antibiotic-resistant
bugs of the century, some which are even
resistant to colistin, the most potent and
toxic antibiotic known to humankind.
Recent reports have revealed the pres-
ence of genes like NDMI1 (New Delhi
metallo-beta-lactamase-1) in Klebsiella
pneumonia and other Gram-negative ba-
cilli, and ESBL (extended spectrum beta-
lactamase) in Escherichia coli**. These
genes confer total resistance on the host
organism giving rise to totally resistant
bacteria. Laxity in regulatory policies,
ignorance of healthcare providers, poor
sanitation, easy access to strong antibio-
tics, overly long and improper treatment
regimens and unawareness among gener-
al public have made India the antibiotic
capital of the world™®. Antibiotic resis-
tance is a global health crisis and hence
requires mutual efforts. Antibiotic abuse
is also highly prevalent in livestock
maintenance, food industry, and human
and animal healthcare settings. Due to
serious health concerns of antibiotic
abuse, the World Health Organization
(WHO) has announced ‘the beginning of
post-antibiotic era’, with rise in deaths by
infections caused by superbugs (http:/
www.who.int/mediacentre/factsheets/anti-

biotic-resistance/en/). A 2016 report pre-
dicted around 10 million deaths due to
antimicrobial resistance (AMR) by 2050
(ref. 7). Given the magnitude of damage
caused by AMR, it is imperative to find
new antibiotics. However, over the last
five decades no new antibiotic has been
launched in the market after fluoroquino-
lone in 1962 (ref. 8). This is mainly due
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to factors such as cost-ineffectiveness,
lower efficacies and less interest among
big pharmaceutical companies. The sit-
uation demands prompt actions to curb
the misuse of antibiotics and preserve
their effectiveness in treating microbial
infections, before the most potent anti-
biotics become futile’.

Immediate and coordinated cross-
country measures are needed to combat
antibiotic abuse, the global health pro-
blem of modern age. WHO has initiated
a Global Action Plan on antimicrobial
resistance to improve awareness, optimize
use of antibiotics, conduct proper surveil-
lance of infection and control its spread,
besides suggesting economic policies for
investment in medicines, diagnostic
tools, vaccines and other interventions
(http://www.who.int/antimicrobial-resi-
stance/global-action-plan/en/). Similarly,
India is also geared up to fight against
AMR with its first National Action Plan
to combat antimicrobial resistance
(2017-21). The plan includes measures
to prevent misuse of antibiotics by doc-
tors, consumers and healthcare institu-
tions, and aims to alter prescription
practices and consumer behaviour to-
gether with scaling up infection control
and antimicrobial surveillance pro-
grammes’. There is also room for law-
makers and healthcare providers to
analyse the current situation and design
proper guidelines, and ensure fulfilment
of rules by healthcare institutions, phar-
maceuticals and general public.

Importantly, a mindset of ‘prevention
is better than cure’, is the need of the
hour. It is not only the era of ‘super-
bugs’, but also ‘superfoods’, which by
definition are foods packed with maxi-
mum nutrition and low calorie content.
Superfoods have created enough buzz in
the media due to their health-benefitting
activities; however, they should not be

1055



COMMENTARY

identified as miracle food to cure diseas-
es. These foods if taken in regular diet
can improve overall health and reduce
the chances of infection. The health-
improving potential, easy availability
and no side effects make superfoods a
preferred diet choice in society. Some of
these famous superfoods packed with vita-
mins, minerals and antioxidants are
wheatgrass, Echinacea, cranberry, apple
cider vinegar, garlic, onion, honey, tur-
meric, extra virgin coconut oil, grape
fruit seed extract, blueberry, cinnamon,
avocado, broccoli, rabe, etc. Superfoods
which can act as natural antibiotics are
now becoming a focus of research. Gar-
lic is the most ancient natural antibiotic,
and contains allicin and other sulphur
compounds which impart the characteris-
tic aroma and strong antimicrobial, anti-
mycotic, and immune system stimulating
propertiesm'] !. Turmeric is another medi-
cinally important spice having anti-
bacterial, antifungal and antiviral
activities'>'*. The rhizome extract of
Curcuma longa has shown antibacterial
activity even against the clinical isolates
of S. aureus, suggesting that it has a
broad-spectrum role'®. Coconut oil is
packed with lauric acid which has been
found to be effective against bacteria
causing acne and tooth cavities, and also
effectively inhibits the growth of S. au-
reus and Staphylococcus epidermidis in
both in vitro and in vivo studies'>'®. The
extract of grapefruit seeds is a rich
source of antioxidants and polyphenols,
and possesses strong antibacterial activi-
ty against Salmonella, Staphylococcus
and E. coli infections'”. Among all the
superfoods, honey is a natural anti-
oxidant containing hydrogen peroxide
(inhibine) that exhibits antibacterial
potential'®. Cranberries are a rich source
of antioxidants possessing antibacterial
activity against a wide range of bacterial
species'®. Green tea is loaded with co-
pious amounts of ‘catechins’ that impart
antimicrobial properties and other health
benefits to it, which prevents bacterial
infections®®. The active compounds thy-
mol and carvacrol in oregano oil have

shown potent antibacterial activity
against P. aeruginosa and S. aureus®'.
Additionally, herbs like goldenseal and
Echinacea have antimicrobial properties,
and are treated as new-age natural anti-
biotics®*?,

Superfoods have prolific amounts of
antioxidants, vitamins and minerals,
which make them quality food and im-
part positive health benefits to the con-
sumers. With regard to the antibiotic
properties of these superfoods, their in-
take should be encouraged among people
for longevity and general health im-
provement®*. Additionally, proper exer-
cise, enough sleep, diet, meditation and
yoga would also aid in achieving whole-
some health and in reducing the risk of
many common infections®. In the world
of choices, the aim should be to propa-
gate alternative medicines with less/no
side effects, low pricing and easy availa-
bility to common man, while sale of an-
tibiotics must be regulated strictly in
accordance with regulatory policies and
must be against the prescription of a reg-
istered medical practitioner (http:/www.
who.int/medicines/areas/rational_use/en/).

Conflict of interest: The authors declare
that they have no conflict of interest.

1. Ventola, C. L., Pharm. Ther., 2015, 40,
2717.

2. Abdulah, R., Pharm. Regul. Aff., 2012, 1,
1000e1106.

3. Jamal, W. Y., Albert, M. J. and Rotimi,
V. O., PLoS ONE, 2016, 11, e0152638.

4. Shaheen, B. W., Nayak, R. and Boothe,
D. M., Antimicrob. Agents Chemother.,
2013, 57, 2902-2903.

5. Raghunath, D., J. Biosci., 2008, 33, 593—
603.

6. Kumar, S. G. et al., J. Natl. Sci. Biol.
Med., 2013, 4, 286.

7. O’Neill, J., Tackling drug-resistant
infections globally: Final report and
recommendations, HM Government and
Wellcome Trust, UK, 2016.

8. Andriole, V. T., Clin. Infect. Dis., 2005,
41, S113-S119.

9. Dutta, S. S., Br. Med. J. (online), 2017,
357.

10. Petrovska, B. B. and Cekovska, S.,
Pharmacogn. Rev., 2010, 4, 106.

11. Elnima, E., Ahmed, S., Mekkawi, A. and
Mossa, J., Die Pharm., 1983, 38, 747—
748.

12. Gul, P. and Bakht, J., J. Food Sci.
Technol., 2015, 52, 2272-2279.

13. Zorofchian Moghadamtousi, S. et al.,
BioMed. Res. Int., 2014,

14. Gupta, A., Mahajan, S. and Sharma, R.,
Biotechnol. Rep., 2015, 6, 51-55.

15. Nakatsuji, T. et al., J. Invest. Dermatol.,
2009, 129, 2480-2488.

16. Bergsson, G., Arnfinnsson, ],
Steingrimsson, O. and Thormar, H.,
Antimicrob. Agents Chemother., 2001,
45, 3209-3212.

17. Cvetnic, Z. and Vladimir-Knezevic, S.,
Acta Pharm., 2004, 54, 243-250.

18. White Jr, J. W., Subers, M. H. and

Schepartz, A. 1., Biochim. Biophys.,
1963, 73, 57-70.
19. Coté, J., Caillet, S., Dussault, D.,

Sylvain, J.-F. and Lacroix, M., Food Res.
Int., 2011, 44, 2922-2929.

20. Reygaert, W. C., Front.
2014, 5, 434.

21. Lambert, R., Skandamis, P. N., Coote, P.
J. and Nychas, G. J., J. Appl. Microbiol.,
2001, 91, 453-462.

22. Kirby-Lee, K. A., Peer J., Preprints,
2017, 5, e€3373v; https://doi.org/10.7287/
peerj.preprints.3373v1.

23. Rangineni, J., Effect of Goldenseal
(Hydrastis canadensis) on bacterial multi
drug resistant efflux pumps, 2011.

24. Boone, L. Powerful Plant-Based
Superfoods: The Best Way to Eat for
Maximum Health, Energy, and Weight
Loss, Fair Winds Press, MA, USA, 2013.

25. Ross, A. and Thomas, S., J. Altern.
Complement. Med., 2010, 16, 3—12.

Microbiol.,

ACKNOWLEDGEMENTS. P.S. thanks the
Department of Biotechnology (DBT), Gov-
ernment of India for the Innovative Young
Biotechnologist Award and South Asian Uni-
versity, New Delhi for providing funds and
support for this study.

Renu Bisht and Priti Saxena™ are in the
Chemical Biology Group, Faculty of Life
Sciences and Biotechnology, South Asian
University, New Delhi 110 021, India.
*e-mail: psaxena@sau.ac.in

1056

CURRENT SCIENCE, VOL. 116, NO. 7, 10 APRIL 2019




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


