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ABSTRACT

Centers for Disease Control and Prevention (CDC) and FDA each affirmed that antibiotic-resistant infections and
the lack of new drugs to treat them pose a significant public health threat. Increased isolation of MRSA/MR-CoNS
infections in both community and hospital setups, followed by emergence of pan-resistance (PDR) and extreme drug
resistance (XDR) among Gram negative bacteria has lead to serious concerns among clinicians worldwide. Drastic
decrease in the development of new antibiotics in the recent years by nearly 75% aggravates the situation. The
global scientific community in search for an alternative solution found that the evaluation and use of Old Antibiotic
compounds is the easiest and promising option. Low use of old antibiotic compounds has helped them to remain
active against a large number of prevalent bacterial isolates. Compounds like amino glycosides, chloramphenicol,
nitrofurantoin, polymixins, trimethoprime-sulphamethoxazole are re-emerging as potential means to combat
infections. A total of 8,344 bacterial cultures were isolated from Feb 2013 till June 2014. MIC of colistin,
vancomycin, trimethoprime-sulphamethoxazole, tetracycline, gentamicin, amikacin, tobramycin, chloramphenicol,
linezolid, clindamycin and nitrofurantoin was tested against 2,314 Gram Positive and 6,030 Gram Negative
isolates. MIC values prove that the old antibiotics are an excellent option to treat multi-drug resistance. In order to
avoid entering the Post-Antibiotic era use of old antibiotics has to gain momentum in the years to come. The
availability of novel molecular modification methods helps to reduce the toxicity and efficacy drawbacks of some of
the old antibiotic compounds. More laboratory and clinical studies will lead to revival of many of the old antibiotic
compounds.
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INTRODUCTION

Microbial drug resistance is a global problem.dsecome nearly impossible to treat infectionstduemergence
of completely drug resistant micro organisms. [tesihe constantly increasing need for new antiobi@l agents,
antibiotic drug discovery and development seemawehgreatly decelerated in recent years. Presenitbdthe

significant problem of advancing antimicrobial sance, the global scientific community has attempgb find

alternative solutions; one of the most promising®is the evaluation and use of old antibiotic coamgls. Due to
the low-level use of many of the old antibiotic qmmnds, these have remained active against a tangber of
currently prevalent bacterial isolatedd A number of old antibiotic compounds, such asypuolxins, cotrimoxazole,
aminoglycosides and chloramphenicol, are re-emgrgsvaluable alternatives to treat multi drugstasit strains.
In a tertiary care hospital like ours we have aisticed a similar trend. Older antibiotics are maotive against
MDR, XDR and PDR strains, due to their low levetus

Colistin is a decades-old drug that fell out ofdaxdue to its nephro-toxicity. It remains one oé tlast-resort

antibiotics for multidrug-resistanPseudomonas aeruginosa, Klebsiella pneumoniae, and Acinetobacter spp
[2].NDM-1 metallof-lactamase multidrug-resistant Enterobacteriaceae lalso shown susceptibility to Colistin.
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[3]. Regarding MRSA, clindamycin and trimethoprimifamethoxazole (TMP-SMX) are still the oral drugk
choice, even though each drug has its shortcomingaddition, vancomycin remains the preferredawnénous (1V)
antibiotic for serious MRSA infections. Oral amalin and IV ampicillin have emerged as the pre¢eragents for
routine community-acquired pneumonia, as outlinethg recent clinical practice guidelines releasgdtie
Pediatric Infectious Diseases Society and the titfes Diseases Society of America. For the treatréTI's a
second or third-generation cephalosporin can leasutcessful symptom resolution in about 95-98%hiitiren.
This is because resistance to ampicillin is betw#¥ and 50% and resistance to TMP-SMX is repoytbdtween
20% and 30%. As per the AAP Guidelines publishetbfer 1st, other antibiotics, including TMP-SMXdafirst
generation cephalosporins, may also provide effedtierapy. For prophylaxis of UTI, antibiotics tla@e not used
to treat systemic infections, such as nitrofurantmie the drug of choice. Nitrofurantoin has besedusuccessfully
for a long time for the prophylaxis and treatmehtaoute lower urinary tract infections in adultsildren and
pregnant women, but the increased emergence dfiatiti resistance has made nitrofurantoin a sutaiindidate
for the treatment of infections caused by multidraegistant pathogens. [4]

The study was carried out over a period of oneahdlf year to monitor and access the efficacy péel of old
antibiotic compounds against prevalent micro-orginsi in a tertiary care hospital setup.

Table: 1 Antibiotics, their spectrum of activity, mechanism of action and route of administration andoxicities

Year of

Route of

Antibiotic Introduction to Spectrum of activity Mechanism of action Administration Toxicities
clinical practice
Most often used for
treating severe, hospital-
acquired infections with
multidrug-resistant
Gram-negative bacteria
such as Pseudomonas
aeruginosa, Works by binding to
Acinetobacter, and | the bacterial 309
Enterobacter.  Serratia | ribosomal subunit,
1976 by the . . ) .
Amikacin Bristol-Banyu marcescens B and | leading to m|sreaq|ng Intravenous Neph_rotoxmlty
(Aminoglycoside) | research institute Providencia stuartii are | of mRNA and leaving| Intramuscular Hearing Loss
also included in theg the bacterium unable Nebulization [6] | Hypokalemia

in Japan.

spectrum. Amikacin cal
also be used to treat no
tubercular mycobacterig
infections and
tuberculosis (if caused b
sensitive strains) whe
first-line drugs fail to
control the infection.[5-
7]

to synthesize protein
n-vital to its growth.[5-
| 7]

y
n

5

It is most effective
against infectiong
involving the following
B BJ types of organisms
M);gerlein RD Aero'bic. Gra_m-positive It is a bacterial proteir .
. ’ cocci, including some NN Diarrhea,
Birkenmeyer, members of the synthesis inhibitor by pseudomembranous
and F Kaga'.‘ on Saphylococcus and |nh|b|t|ng' ”32105.0““""' Oral Capsules | colitis,
the fifth Streptococcus (e.g translocatiori® in- a Oral Nausea vomiting
Eﬂilgggsn;);ﬁilge) géirfsé(;fr?f: on pneumococcus) gener1,22&'?0r”deswftiydoest2) suspensions abdominal pain or crampps
S : but not Enterococci. e Tropical creams| and/or rash. High doses
Antimicrobial Anaerobic Gram- by binding to the 508 and gels (both intravenous and
Agents and negative ’ rod-shape RNA of the large ’ oral) may cause a metallic
Chemotherapy gatve ; PEY hacterial ribosome y
’ bacteria, including some . taste.
(ICAAC) in Bacteroides, subunit[8,9]
1966 Fusobacterium, and
Prevotella, although
resistance is increasing in
Bacteroides fragilis.[8,9]
Acinetobacter ~ species
s MICg< 2 mg/L)
Colistin was | MICso=
derived from a P. aeruginosa (MICg < 4
mg/L)
- flask ) of K. pneumoniae (MICq < | Directed against the Intravenous .
Colistin fermenting 1 mg/L) bacterial cell| Intramuscular Neurotoxicity
(Polymyxin E ) ?cher:;ase by a E. coli (MICg9< 2 mg/L) | membrane. Intrathecal Nephrotoxicity[10]
respearcher iy Enterobacter spp (MiGo
1949 <1 mg/L)

It also may be active
against
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Salmonella spp (MIGy <
1 mg/L),

Shigella spp (MIGo <
0.5 mg/L),

Citrobacter spp (MIGy <
1 mg/L) [10,11]

Nitrofurantoin has beern

The drug works by
damaging bacterial
DNA, since its
reduced form is highly

Gastrointestinal: Diarrhed

114

shown to have good reactive. . - h
activity against  the| This is made possible dyspe_p5|§1,abdom|al pal
: ; . . ) constipation,
following organisms: by the rapid reductior] emesis-Neurologic:
E. coli, Saph. | of nitrofurantoin NN gic:
: o ; Dizziness,drowsiness,
saprophyticus, Coagulase| inside the bacteria o ;
. . - ] . amblyopia; Respiratory
Nitrofurantoin 1953 negative staphylococci, cell by flavoproteins| Oral Acute uimona
Enterococcus  faecalis, | (nitrofuran reductase h P ary
: . ypersensitivity reaction
Saphylococcus aureus, | to multiple reactive o :
h ! Allergic: Pruritus,
Streptococcus intermediates tha; urticaria:  Dermatologic:
agalactiae, Citrobacter | attack ribosomal P gic:
; : ) Alopecia; Miscellaneous
species, Klebsiella | proteins, DNA, . )
. - Fever, chills, malaise
species,[12-14] respiration, pyruvate
metabolism and othe
macromolecules
within the cell.[12-14]
Trimethoprim (TMP)
selectively inhibits
microbial reductases, Fever, Nausea, Vomiting
’ but its effectiveness i$ Diarrhea,
. . . Used n the treatmen_t gf strikingly  enhanced Weight loss, Rash, Muscl
Trimethoprime- In UK since| a variety of bacterial ) > :
when the synthesis df aches, Joint pain, lItc
sulphamethoxazolg 1969 fungal and  protozoa - | Oral
: - FAH, is Sore,
infections[15,16] . .
simultaneously Hyperkalaemia,
blocked by Thrombocytopenia [17]
sulfamethoxazole
(SM2).[15]
Tetracycline binds tq
the 30S subunit o
microbial ribosomes
Discovered ag Escherichiacoli: 1pg/ml | It inhibits protein Dis-colouration of Teeth
natural producty - >128ug/mi[9,19] synthesis by blocking Fatty Liver
by Benjamin| Shigella spp.: 1 pg/ml - | the attachment of Oral Anaphylactic shock
Tetracycline Minge Duggar in| 128ug/mi[9] charged aminoacyl; Intravenous Lupus
1945 and first| Tetracyclines have & tRNA to the A site on| Intramuscular Hepatitis
prescribed in| broad spectrum of the ribosome. Thus, it Skin Photosensitivity
1948. antibiotic action.[18] prevents introductior [18]
of new amino acids tq
the nascent peptide
chain[18]
1975 Pseudomonas Tobramycin works by
by doctors at aeruginosa - <0.25| binding to a site on the
C);lildren's pg/mL - 92 pg/mL bacterial 30S and 508
Hospital ang| Pseudomonas _ | rbosome, = preventing Nephro-toxicity
. ) aeruginosa (hon-mucoid) | formation of the 70§ Intravenous -
Tobramycin Medical Center b | | | Ototoxic
in  Seattle. in| " 0.5 pg/mL - >512| complex. As a result] Intramuscular Loss of equilibrium[21]
. o pg/mL Pseudomonas | MRNA  cannot  be
conjunction with . lated i )
PathoGenesis aeruginosa (ATCC | translated into proteir
Corporation 27853) - 0.5 pg/mL - 2 and cell death
P pg/mL[9] ensues.[20]
Table: 2 MIC Breakpoints of Antibiotics
Antibiotic (WmL) S.aureus E. faecalis E.coli Kleb. pneumonia | P. aeruginosa
H ATCC 29213 | ATCC 29212 | ATCC25922 | ATCC 700603 | ATCC 27853
Amikacin 2-32 0.5->1 0.5-2 <=0.5-4 <=8-16 1-4
Colistin 0.5-4 - - - <=2 <=0.5-1
Nitrofurantoin 16-64 <=16-32 <=16 <=8-16 <=64 -
Trimethoprime-sulphamethoxazole 1/19-4/76 <=0.5/9.5 <=0.5/9.5 <=0.5/9.5 - 8/152-/308
Tetracycline 0.5-2 <=0.5-1 <=0.5-1 - - -
Tobramycin 1-4 <=1 - 0.25-1 <=2-4 0.25-1
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EXPERIMENTAL SECTION

Study Design: 8,344 bacteriablates were collected from cases of clinical é¢tifns from a period from Feb 2013
till June 2014. The isolates were recovered framiadl specimens (blood, pus, other body fluid,)ed¢ NH Health
City, Bangalore, India. Duplicate isolates fromnadal samples were excluded.

Antimicrobial Susceptibility Testing

MIC of colistin, vancomycin, trimethoprime-sulphatimexazole, gentamicin, amikacin, tobramycin,
chloramphenicol, linezolid, clindamycin and nitrcdatoin was tested against 2,314 Gram Positive6adB0 Gram
Negative isolates using BD Phoenix 100 system. W@ breakpoints were determined as per CLSI 201B420
guidelines [10][Table 2]

RESULTS

Among the 6,030 Gram negative isolates tested, 2a8ates werde.coli and they showed 100% susceptibility to
nitrofurantoin, and 98% susceptibility to gentamicNon fermenters like, 546 isolates Adinetobacter spp and
1028 isolates oPseudomonas spp showed 100% susceptibility to colistin. Among 2,3Gram positive isolates
tested all were susceptible to vancomycin. 166kise ofStaphylococcus spp and 301 isolates &hterococci spp
were all susceptible to linezolid. Trimethoprimdghamethoxazole was found to be sensitive agaid%t 8f the
isolates. We did not report any cases of VRE dutiiregstudy period. Inducible clindamicin resistamees detected
in 40% ofSaphylococcus aureus strains.

DISCUSSION

The data obtained from our study and other stud@tdwide has proved that antibiotics that havenbef patients
for quite some years are proving effective to taakinerging drug resistance. Studies have showmithefurantoin
is a good antibiotic for the treatment of acute amplicated urinary tract infections, with good guedle
tolerability in adults [22].

On the other hand the efficacy of gentamicin liesttie optimal dosage as it has a narrow therapéudiex.

Improved guidelines for gentamicin usage can leaddtter patient outcomes in treating Gram negatifesis,
including potentially reduced mortality. Reducedted to escalate to broader spectrum antibioticsrelty
preserving their utility for more complex infectiveases. Aminoglycosides are still the treatmenttadice for
diseases such as brucellosis and plague. Toxialbng with the discovery of equally potent and léssic

antibiotics, has shelved aminoglycosides the p@syears. However, this has largely saved them fresistance
development. Apart from retaining efficacy, stra¢sgto overcome toxicity, especially once daily austration,
has made aminoglycosides a safer choice. Furtf@&zomicin is a very promising synthetic aminoglyidesthat
escapes all clinically significant aminoglycosidedifying enzymes and has completed a clinical Phias@l. [5-

7,23]

Colistin, an antibiotic approved in the late 19%5@sthe treatment of acute and chronic infectioassed by certain
sensitive strains of Gram-negative bacteria, isafrthese older antibiotics that have regainedéffisacy. Our study
showed 100% sensitivity to colistin by Gram negatdacteria likeE.coli, Klebsiella spp,Pseudomonas aeruginosa
andAcinetobacter spp. Studies showed renal function affects coligirels in the body. This is because the human
renal system effectively clears foreign chemicalsch as colistin. Therefore depending upon a pigenal
function the daily dosage of colistin should beuatid in order to maintain ideal drug concentrafhh0,11].

Co-trimoxazole and ampicillin are both effectivetisatment of non-severe pneumonia in childrer2d66, WHO
reinforced this suggestion in a guideline docunmeadbmmending cotrimoxazole prophylaxis for all m&exposed

to HIV infection and all children and adults withD& cell counts less than 200cells/mm [2BEople who develop
severe allergic reactions to cotrimoxazole appedetat increased risk of rapid disease progres&omeasons that
remain unclear [17,34Gradually introducing the drug to the body, throulpse escalation reduces the chance of an
allergic reaction. These desensitization regimeagasigned to enable people who are allergic tiancoxazole to
continue to take the drug without problems.

Meta-analysis studies on the efficacy of linezafidcomparison with glycopeptides (vancomycin andadglanin)

for the treatment oftaphylococcus aureus infections shows that Linezolid was slightly moeéfective than
glycopeptides in the intent-to-treat populationdgdatio [OR], 1.05; 95% confidence interval [Cl]01-1.10), was
more effective in clinically assessed patients (@6 Cl: 1.38, 1.17-1.64) and in all microbiologigassessed
patients (OR 95% CI: 1.38, 1.15-1.65owever, when physicians choose to use linezoist, of hematological
and gastrointestinal events should be taken intmwatt according to the characteristics of the djpepiatient

populations. [25]
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Clindamycin may be assuming a more significant riolepediatric infectious disease therapy, as itntans
relatively good activity toward several importatipogens, such &reptococcus pneumoniae and Staphylococcus
aureus. It is important for clinicians to assess the ptitgd for community-acquired MRSA to express indiei
resistance to clindamycin. This may occur in sBaiesistant to erythromycin, expressing a genethigrgnycin
resistance methylase gene) that allows resistancéndamycin to be induced during therapy.[8, 9 TAexander
Project evaluated antibiotic susceptibilities to rendhan 8,000S pneumoniae isolates cultured from adults
worldwide with community-acquired respiratory traicfections in 1998-2000. Rates of resistance digad
included 18.2% for penicillin, 0.6% for ceftriaxgn2l.9% for cefdinir, 24.4% for azithromycin and.9% for
clindamycin. [26]

CONCLUSION

Optimised clinical use of off-patent antibiotickprag with adapting breakpoints, enriching treatnguntlelines, and
implications for regulatory issues, specially irations and dosage regimens, play a key contributiqoreserving
the efficacy of these essential drugs in an eesoélating multi-drug resistance.
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