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Antibiotic resistance: Some thoughts

The introduction of penicillin into therapeutics revolutionized medical practice.
Successive discoveries of newer antibiotics, of different typesand classes, and their
chemical modification enabled the medical profession to conquer most infectious
diseases. The topic has been reviewed elsewhere.! Successes of the mid-twentieth
century generated afeeling that the ultimate control of infections was at hand.?2 The
euphoria has now been shown to be misplaced. Studies of patterns of antibiotic
resistancein large hospital sthat maintain regul ar recordsreveal that multi-resistance
isrampant. Inthecaseof Gram-negativebacilli (GNB), polymixin/colistinaretheonly
antibioticsthat haveretained auniformly goodlevel of sensitivity, apart fromthevery
new agents such as tigecycline.® In fact, the prevalence of antibiotic resistance has
prompted the use of these agents (polymixin/colistin) in extreme cases with often
satisfactory results and the realization that earlier fear of their high toxicity was
exaggerated.* Resistanceto even thisclassof antibioticsisnow present; onesuch case
was quoted in an editorial.® As a result, we are facing ‘an epidemic of antibiotic-
resistant infections'.® This has generated numerous reports of impending doomin the
print and electronic media on the subject.”

Antibiotic resistance was recognized soon after the therapeutic use of penicillin.
Barber® demonstrated in vitro that even anovel antibiotic could generate antibiotic
resistance. She showed that resistance to methicillin, the then recently introduced
semi-synthetic penicillin, could be generated inthelaboratory. It hasbeen shown that
even pre-antibiotic erastrains or strainsfrom locales where clinical antibiotic usage
was absent showed resistant strainsin environmental and commensal flora. D’ Costa
et al. studied samples of permafrost core and showed that * antibiotic resi stance genes
predate our use of antibiotics'.° They could produce evidence for the existence of
antibiotic-resistant genes (including those conferring vancomycin resistance) in
bacteriathat had remainedfrozenfor around 30 000years. Theevolution of community-
associated methicillin-resistant Saphyl ococcusaureus(CAMRSA ) and itssubsequent
spread have shown the proclivity of resistant clones to proliferate and dominate.™
Similarly, fluoroquinoloneresistance hasprogressed from adaptationto chromosomal
resistance and, now, to transmissible resistance.*>** No wonder, antibiotic resistance
emerges and builds up in antibiotic-charged environments that offer a selective
advantage to the carriers of resistance factors. There is, however, considerable
variation in the rate of acquisition of clinically important resistance. While some
organisms(e.g. Sreptococcuspyogenes) haveremained sensitiveintheantibioticera,
others (e.g. S. pneumoniae) have taken a longer time and yet others have quickly
becomeresistant (e.g. Shigellae, Klebsiella, Pseudomonas, etc.). Environmental non-
fermentershave al so shown such ability and emerged as problematic agentsin critical
environments.** A common community infection such as gonorrhoea is affected by
developing antibiotic resistance. The changing susceptibility pattern of Neisseria
gonorrhoeae has decreased the options for oral antibiotic treatment.”> This has
resulted in ‘a post-antibiotic era’, a situation caused by the clash of decreasing
effective antibiotic resources with burgeoning bacterial antimicrobial resistance.
Livermore* examines this and presents an optimistic scene in the case of Gram-
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positive bacteria but a gloomier picturein the case of GNB. The decreasing interest
of thepharmaceutical industry inthe* non-profitable’ endeavour of antibiotic devel op-
ment has stimul ated the establishment of global funding mechanisms, particularly for
developing drugs for infections which are widely prevalent and are public health
problems, such as malaria, tuberculosis, etc. The British Society for Antimicrobial
Chemotherapy hasinitiated a campaign to induce State action in thisfield.’

Theidentificationin Sweden of anew metall o-betalactamase (MBL) intheclinical
cultures of a patient treated in India (last in New Delhi) and its designation as New
Delhi metallo-betalactamase-1 (NDM-1) ignited community awarenessand al so hurt
national pride.*”*® Since that time, NDM-1-bearing GNB have been identified the
world over except (at present!) in Central and South America. While the Indian
subcontinent islinked with asubstantial proportion of infections by NDM-1-bearing
GNB, other areas of endemicity too have been identified.™®

Thelink to travel in the Indian subcontinent in infected cases, even in the absence
of a history of prior hospitalization, and evidence of asymptomatic gut carriage
prompted a study on environmental dissemination of NDM-1-bearing bacteria. This
study, funded by the European Union and done by non-Indians, collected 171 swabs
of environmental seepage (100 ml per swab) and 50 tap water samples (15 ml per tap)
fromsiteswithina12 kmradiusin central New Delhi. Seventy sewage samplesfrom
Cardiff Waste Water Treatment Works served as controls and all the laboratory work
wasdonein Cardiff. It showed that NDM-1 ‘iswidely disseminated in New Delhi and
has spreadinto key enteric pathogens' while, asexpected, none of the Cardiff samples
yielded GNB-carrying NDM-1.2 The study wasdonein theimmediate post-monsoon
period when the study area would have had a mixing of environmental waters and
occasional breaching of tap water pipes. The result would probably have been
different if the study had been done in winter. In any case, the study would have had
greater force if it had been planned properly. In view of the comments on ‘ medical
tourism’ intheearlier paper,? themotive(s) of thisstudy isquestionable. Unpublished
observations, in the late 1970s and early 1980s, from environmental sources in the
Pune area on plasmid-mediated co-trimoxazole resistance showed that a similar
situation prevailed there. Mol ecul ar techni queswere not used inthosedays. The New
Delhi environmental study of Walsh et al.?° related to an areawith asimilar level of
environmental sanitation. These results, though more convincing because of the
modern technology used, were not surprising.

Based on the environment study, graveimplicationshave been forecast for residents
of New Delhi. Considering the wide dissemination of NDM-1-bearing organisms ab
initio? and the lack of evidence of an increase in difficult-to-treat infections since the
time NDM-1 started circulating, it is doubtful if the prophecy would be fulfilled.
Nevertheless, it hasto be conceded that the emergence of MBL s has changed the scene
of antibiotic therapy for serious GNB infections.® Obviously, in resource-constrained
situations, systemic infections caused by NDM-1-bearing GNB would be untreatable
and accompani ed by highmortality. Themediahascontributed tothehypeby projecting
estimates, based on dubious data, of 200 million carriers nationwide.

The NDM-1 controversy, however, has had a positive fallout. There has been an
upsurge of interest in antibiotic resistance in medical administrative and research
establishments. Efforts are being made to initiate laboratory networks and do a
detailed study of antibiotic resistancein avariety of pathogens. Itishoped that in due
coursetheseeffortswoul d enabl ethel ndian heal thcare community to gaugethe extent
of the problem and devise control measures. The mechanisms for studying specific
programme-rel ated organi smssuch asMycobacteriumtubercul osis, malarial parasites,
Leishmania donovani are already in place and yielding useful information.??

Thereasonsfor agenera high level of antibiotic resistance are many. Theseinclude
a high level of antibiotic stress that free-living organisms are facing in the milieu of
antibioticover usageinhumanand veterinary practice. Theuseof ‘ humanuse' antibiotics
in animal husbandry and poor hospital waste management are other drivers of the
phenomenon. The complete elimination of an antibiotic from the environment does
decreasethelevel of phenotypicresistanceto theantibiotic but resi stance genescontinue
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tocirculateat low levels. Thisisevident from thevariationin chloramphenicol resistance
in Salmonella typhi consequent to the practically universal discontinuation of the
therapeuti cuseof theantibiotic.Z2 Thisistheraisond’ étrefor theformulationof antibiotic
policiesat institutional, regional and national levels. The experience of The Netherlands
in controlling rising levels of methicillin resistance in Saphylococcus aureusisagood
example* Of course, Indiais not The Netherlands, but, thereis atarget to reach! This
would involve education of healthcare professionals as well as the public, control of
pharmaceutical industry and trade, particularly control of over-the-counter sales.

Itisclear that the basisof antibiotic resistanceisembeddedin prokaryotegenomes.
Theriseto clinically important levelsrequiresthese factorsto move between strains,
species, generaand rarely acrossorders. Thiscan only berestrained by themodalities
that come under the comprehensive head ‘infection control’. Above all, it would be
necessary to have a competent laboratory infrastructure that detects, tracks and
analyses changes in antibiotic susceptibility. The challenge isimmense and requires
great commitment. Are we up to it? We must be if we are not to lose our valuable
antibiotic resources.
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