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From the Editor's Desk . . . . £

Dear friencfs and co[[ea_ques,
Dear friends and colleagues,

With extreme}ﬂfeasure and}aricfe, I would like to share with you that we are
entering into the 10th yearfor tﬁeyu[i[ication cjtﬁe “Bulletin on Adverse dru_q
reaction”, since its establishment in the year 2011.

We have received a lot gf suggestions and support from clinicians, coffeagues and
friemfsfor the improvement g(tﬁis activity which Easica[[y had a[ways aimed

towards syreading the awareness (_)f Pﬁarmacovigi[ance.

From this year we are cﬁanging tﬁeformat oftﬁe content oftﬁe bulletin with the
inclusion (f the articles on Pﬁarmacotﬁemjﬂy also, without with continuec{focus on
adverse reactions related i;ycormation.

The first article deals with the important dreaded concept of Antimicrobial resistance
which is continuously haunting the clinician in patient care. The same article is
ngajaorted with the succeec{ing article to address the Jaroﬁfem status, ﬁects and
remedies which can be undertaken for the prevention and management of
Antimicrobial resistance.

Apart from this, an interesting case report, mind Eogg[in_q Jauzz[e and tedious
exercise of match the column are the other highlights of this issue.

I sincerefy ﬁoye that this issue en[igﬁtens the readers regarcfing adverse v[rug reactions.

Finally I would like to thank all the clinical departments of our institute for their
valued contribution to pharmacovigilance and to the authors for contributing in
the bulletin. I would also like to thank all the members of department of
_pharmacology for their hard work in unfolding our current issue of this bulletin.

Thank you,

Dr. Sudhir Pawar
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TREATMENT OFNOSOCOMIAL INFECTIONSAND
HEALTHCAREASSOCIATED INFECTIONS

Dr. Vidisha Parulekar
Foeciality Medical Officer, Department of Pharmacology, LTMMC, Son, Mumbai

Abstract

The rate of Nosocomial Infections (NIs) is rising every day in various developed and developing
countries. This increasing trend of infection leads to prolonged hospital stay, long term disability,
increased antimicrobial resistance flaring up the socio-economic disturbance, which ultimately
advances the mortality rate. The most common infection types are ventilator-associated pneumonia
(VAP), central line-associated blood stream infection (CLABS), urinary catheter-related infection
and surgical site infection (SS). Some important risk factors predisposing the Nis are advanced age
(>70), malnutrition, alcoholism and healthcare associated risk factors such as invasive procedures
like endotracheal or nasal intubation, central venous catheter insertion, urinary catheter. NI can be
empirically treated with combination therapy with an anti-pseudomonal penicillin (Piperacillin) plus
an aminoglycoside or an antipseudomonal cephalosporin (Ceftazidime) plus an aminoglycoside. The
specific therapy relies on identification of the etiological agents with help of efficient clinical
microbiology laboratory and good epidemiology practices within the hospital wards. The choice of
single or combination antimicrobial therapy depends primarily on the clinical scenario. Appropriate
training of hospital staff for biosafety, proper waste management and novel approaches such as
implementation of care bundles and spreading awar eness among healthcar e professionals and patients
regarding these endemic infections can also help in reduction of nosocomial infections.

Keywords:

Nosocomial Infections, Antimicrobial agents, Preventive strategies, Antimicrobial stewardship program

I ntroduction

Accordingtothe Centersfor Disease Control and Prevention (CDC) guidelines, Hospital-acquiredinfections
(HAI) dsoknown as hed thcare-associated infectionsare nosocomial ly acquired infectionsthat aretypicaly
not present or incubating a thetime of admission.! Occupationa-related infection and iatrogenicinfections
areaso classified asHAI."2 Nosocomial Infections(NIs) are defined asinfectionsacquired between 48
hours after hospital admission and 3 daysof hospital discharge® Of every hundred hospitalized patients,
sevenindevel oped and tenin deve oping countriesare acquiring oneof the hedthcare associated infectiong®.
Populations at stake are patientsin Intensive Care Units (1CUs), burn units, undergoing organ transplant
and neonates. A ccording to Extended Prevaenceof Infectionin Intensve Care(EPIC 1) study, the proportion
of infected patients within the ICU are often as high as 51% [°!. Based on point prevalence survey of
Hogspital Acquired Infections(HAIS) and use of indwelling devicesand antimicrobiasinalargetertiary care
hospital inIndia, noted atotal prevalence of HAlsas 7%.1° In astudy conducted in Puneintertiary care
center reported theinfection density being 1.75 HAI casesper 1000 patient-days.
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TherisktoacquireHAI isuniversa and pervadesevery hedthcarefacility in developed aswell asdeveloping
countries. Nowadays, anincreasein the use of antimicrobiasand advancementsinthe medical practices
have resulted into frequent use of invasive procedures, which further increasesthe hazard of new NIs.®!
Theseinfectionsare considered athreat in thisday and modern age of antimicrobials.*°Y Continual
mindfulnessand timely diagnosis of these conditionswith appropriate management improves patient
outcomes. Hence, prevention of infection transmissionisthekey to control NIs. Some of these measures
aregenera practicessuch asfastidioushand washing, antimicrobia stewardship andtheuseof best practice
‘carebundles.®!

Pathogensinvolved in NIs

Pathogens responsible for nosocomial infections are bacteria, viruses and fungal parasites. These
microorganismsvary depending upon different patient popul ations, medica facilitiesand even differencein
theenvironment inwhichthecareisgiven.

Bacteria'? - Bacteriaarethe most common pathogensresponsiblefor Nls. Acinetobacter isembedded
insoil and water and accountsfor 80% of reported infectionsin ICUs. C.difficileistransmitted from an
infected patient to othersthrough healthcare staff viaimproper cleansed hands. Enterobacteriaceae high
res stancetowards carbapenem causesthe defence againgt them moredifficult. Methicillin-resistant S.aureus
(MRSA) transmit through direct contact, open woundsand contaminated hands. It causessepsis, pneumonia
and SSI by travelling from organsor bloodstream. Itishighly resistant towardsantimicrobia scalled beta-
lactams.

Viruses*? - Usud monitoring reveaed that 5% of dl theNIsarebecause of viruses. They canbetransmitted
through hand-mouth, respiratory route and feco-oral route. Hepatitis B and C are commonly transmitted
through unsafeinjection practicesto patientsaswell as healthcare professionals. Other virusesinclude
influenza, HIV, rotavirus, and herpes-smplex virus.

Fungal parasites®® - Fungal parasites act asopportunistic pathogens causing nosocomial infectionsin
immune-compromisedindividuas Apergillusspp. can causeinfectionsthrough environmental contamingtion.
Candidadbicans, Cryptococcus neoformansarea so respons blefor infection during hospital stay. Candida
infectionsarisefrom patient'sendogenous microflorawhile Aspergillusinfectionsare caused by inhal ation
of funga sporesfrom contaminated air during construction or renovation of health carefacility.

Risk Factor9*

Risk factors predigposing to NI sdepends upon theenvironment inwhich careisddivered, the susceptibility
and condition of the patient, and thelack of awarenessof such prevailinginfectionsamong staff and health
careproviders. Inlow income countries, theserisk factors are associated with poverty, lack of financial
support, understaffed heal th care settings and inadequate supply of equipment. Other risk factorsare
enumeratedintable 1.
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Table 1- Risk Factorspredisposing to NI g3

Category Risk factors
P_atient-oriented Acute Chronic
risk factors Surgary Age> T0years
Trauma Manutrition
Burns Alcoholigm
Chronicsmoking
Chroniclung disease
Digbetes
Healthcareassociated Invasive procedures Treatment linked risk factors
risk factors Endotrachedl or nasdl intubation Bloodtransfuson
Centra venouscatheter insertion Recent antimicrobid therapy
Extracorporeal renal support Stress-ulcer prophylaxis
Surgicd drains mmunosuppressivetreatments
Nasogastric tube Recumbent position
Tracheostomy Parentera nutrition
Urinary catheter Length of ICU stay

Types of Nosocomial | nfectiong™

Themodt frequent typesof infectionsincl udecentrd lineassoci ated bl oodstreaminfections, catheter-associated
urinary tract infections, surgical siteinfectionsand ventilator-associated pneumonia. However different
studies have mentioned incidencesof NI. Inastudy by Nair V et a (n=1886), Surgical-siteinfections
(SSls) wereidentified to bethe most common HAI (23.94%), followed by hospital-acquired pneumonia
(HAP) (18.31%), urinary tract infection (UTI) (16.9%), catheter-rel ated bloodstream infection (BSI)
(16.9%), ventilator-associated pneumonia(VAP) (9.85%), septicaemia(8.45%) and others (5.65%).[¢

1. Surgical siteinfections(SSI)1*¥ - SSIsare mainly caused by Staphylococcusaureusresultingin
prolonged hospitalization and risk of death. The pathogens causing SSI arise from endogenous
microfloraof the patient. Theincidence may be as high as 20% depending upon procedure and
survelllancecriteriaused.

2. Pneumonia™ - The 2016 Infectious Diseases Society of America(IDSA)/American Thoracic
Society (ATS) guidelinesexplainthefollowing typesof heath care associated pneumonias (HCAP)
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A. Hospital-acquired (or nosocomial) pneumonia(HAP) ispneumoniathat occurs48 hoursor
more after admission and did not appear to beincubating at thetime of admission.

B. Ventilator-associated pneumonia (VAP) isatype of HAPthat devel ops more than 48 hours
after endotrachedl intubation. VAPisfoundin 9-27% of patientson mechanically assisted ventilator.
It usually occurswithin 48 h after tracheal incubation. 86% of nosocomial pneumoniaisassociated
with ventilation.™ Fever, leucopeniaand bronchia soundsare common symptomsof VAP,

C. Community acquired pneumonia (CAP) refers to an acute infection of the pulmonary
parenchymaacquired outside of the hospital .*9 It isnot atype of HCAP.

Catheter associated urinary tract infections (CAUTI)* - CAUTI isthe most usual type of
nosocomial infection globally. According to acute care hospital statistics(n=1874) in Lucknow in
2017, the prevalence of CAUTI was 6.93% of reported infections.’ CAUTIs are caused by
endogenous native microfloraof the patients. Cathetersplaced insde servesasaconduit for entry of
bacteriawhereastheimperfect drainage from catheter retains somevolumeof urinein the bladder
providing stability to bacterial residence. CAUTI can devel op to complications such as, orchitis,
epididymitisand prostatitisin males, and pyel onephritis, cystitisand meningitisinal patients.

Central line-associated bloodstream infections (CL ABSI )4 - Cathetersare placed in central
lineto provide fluid and medicines but prolonged use can cause serious bloodstream infections
resulting in compromised health and increasein care cost. CLABSI are defined asalaboratory
confirmed blood streaminfection (BSl) wherean digible BSl organismisidentified and aneligible
central lineispresent beforetheevent. They aredeadly nosocomiad infectionswith thedesthincidence
rate of 12%-25%. Although thereisadecrease of 46% in CLABSI from 2008 to 2013 in US
hospitalsyet an estimated 30,100 CLABSI still occur inlCU and acutefacilitieswardsin US each
year. In 2015, theoveral rate of CLABSI in Northern Indiawas 17.04 per 1000 catheter-daysand
14.21 per 1000 inpatient-days*Y.

Skin and soft-tissueinfections (SST1s)!* - Skin and soft tissueinfections (SST1s) result from
invasion of the skin, and mostly occur dueto traumaor surgery. SSTIscan beclassified assmple,
necrotizing or suppurative. Thefrequent pathogensinvolved in skin and soft-tissueinfectionsare
Streptococcus pyogenes, Streptococcusalgal actiae, Klebsiellapneumoniag, E. coli, and S. aureus.

Clogtridium difficileinfection (CDI) - Clostridium difficile causeinflammation of colonleadingto
antimicrobial-associated diarrhoeaand colitis, mainly dueto elimination of beneficial bacteria.
Clogtridium difficleinfection (CDI) in adultsisassociated with increased morbidity, additiond length
of hospital stay and anincreasein healthcare costs. The prevalence of CDI isranging between 4%-
34% acrossIndia™ Inarecent study from atertiary care centrein Mumbai, the mean incidence of
CDI was estimated to be 0.2/1000 patient days.™*®
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Strategiesfor management of NI §*9 - Thechoice of empiric antimicrobial therapy for thetreatment of
any NIsbeforemicrobiology isavailablerequires—

i) Surveillance dataon aregular basisof predominant organismsin the hospital/ICU.
i) Surveillance of the current resi stance patterns of these organisms

i) Identification of outbreaksof NI involving oneor more prevaent organisms.

Principlesof Empiric Ther apy!™ : The conventional empiric therapy hasto be broad enough to ensure
coverage of most of the suspected pathogens. Combination therapy isenlistedinfigure 1.

Figure1- Srategiesfor Empiric Therapy in NI g%

A Anttpseudomonal penicillin (Piperacillin) +
an aminoglycoside or an antipseudomonal
cephalosporin (Ceftazidime) + an

) aminoglycoside

Initial recommended regimen

N

Gram positive organisms such as ° Afjdmo.n ° i gl)‘/c:opep.tlde .
MRSA . lea‘mplc‘:m,. Fusidic ac’ld: Streptogramins

(Quinupirstin—Daltopristin)

/)

Y ¢ Carbapenems (e.g., Imipenem or
Meropenem) in combination with either an
aminoglycoside (Amikacin) or a
fluoroquinolone (Ciprofloxacin)

Endemic multi resistant
organism such as Pseudomonas
aeruginosa

v

Any empirical therapy should bereassessed 2 or 3 daysafter itsinitiation. Trestment should bereadjusted
onthebasisof report of antimicrobial sensitivity testsavailableon day 2 or 3, and clinical response of the
patient. Potentia choiceof moresuitablecombinationtherapy or switchtolessexpensve/toxicantimicrobias
whentheclinical statusof patient suggeststo do soisrecommended.

Treatment strategiesfor specific NI 9 - Theidentification of theetiologica agentsinvolvedinagiven
outbreak of NIsshould rely on an efficient clinical microbiol ogy |aboratory and good epidemiology practices
withinthehospital wards. Moreover thechoiceof Singleagent or acombination based ondlinica consideration
should dsorefer to theknown patterns of susceptibility/resistance aswell aspatient'scondition, severity of
underlying disease, the presence of various devices such ascatheters, ventilatory equipment, prosthesis
etc. Treatment Guiddinesfor Antimicrobia Usein Common Syndromeswereformulatedin 2019 by Indian
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Council of Medica Research.[?! Thisguideinehighlightstherationa useof antimicrobia accordingtothe

clinical condition. (Table2)

Table2: Choiceof antimicrobialsaccor ding to condition!

Methicillinsenstive Coagulase

Nosocomial I nfection First choiceof Alternative
antimicrobials

Central Lineassociated bloodstream infections (CLABSI)

Methicillin-resstant S. aureus/ Vancomycir/ Teicoplanin Daptomycin

Methicillinresstant Coagulase

negative Staphylococcus(CONS)

Methicillin SengtiveS. aureus/ Cefazolin/ Cloxadllin Vancomycin

negetive Staphylococcus(CONS)

Ampicillin Susceptible Ampicillin+/- gentamicin Vancomycin +/- gentamicin
Enterococcus

Ampicillinresistant Vancomycin Vancomycin+/-gentamicin | Linezolid/ Daptomycin
Susceptible Enterococcus

AmpicillinresgantVancomycin Res stant Enterococcus Linezolid/Daptomycin

E. coli Carbapenem sengitive

Imipenem/ Cilagtatin+

Cefoperazonet+Sulbactam(2:1)

Klebselagpp Colistinresstant

Fosfomycin OR Imipenem
/ Cilegtatin

Meropenem / Piperacillin-tazobactam
E. coli Carbapenem resistant Calidin Fosfomycin
Klebsiellaspp Carbapenem Coligtin+ Imipenem/
resstant Cilagtatin
Klebsiellaspp Carbapenem Imipenem/Cilagtatin OR Cefoperazone
sengtive Meropenem Sulbactam(2:1) OR

Fiperacillin-tazobactam
Chloramphenicol/ Doxycycline

Acinetobacter spp Carbapenem | Cadlidin Cefoperazone Sulbactam(2:1)/
resstant Ampicillin-sulbactam
Acinetobacter spp Carbapenem | Meropenem Piperacillin-tazobactam
sengtive

Pseudomonas spp Carbapenem | Colistin Fiperacillin-tazobactam
resstant
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Pseudomonas spp Carbapenem | Meropenem/ Ceftazidime/ Cefepime

sengdtive Piperacillin-tazobactam

Enterobacter / Citrobacter / Imipenem/ Cilagtetin,

Proteus/ Serratia Meropenem

Burkhol deriacepaciacomplex Meropenem Ceftazidime/ Minocydline

Stenotrophomonasmaltophilia Minocydine Trimethoprim/
ulfamethoxazole

Candidaspecies Micafungin/ Amphotericin B (lipid)/

(unspeciated)/ Anidulafungin/ AmphotericinB

C.dbicans,C. tropicais Caspofungin/Fluconazole | Deoxycholate/ Voriconazole

C.parapsilosis

C. aurig/C. haemulonii/C. krusei Micafungin/Anidulefungin | Voriconazole

C. glabrata

Voriconazole/ Micafungin/
Anidulafungin

Fluconazole/ Amphotericin B

(lipid)

Catheter associated urinary tract infections(CAUTI )2

Uncomplicated CAUTI Trimethoprim- Amoxicillin (with or without
SulfamethoxazoleOR clavulanate) cepha osporins,
Ciprofloxacin/ doxycydine
Nitrofurantoin

Complicated CAUTI TMP-SMX / nitrofurantoin/ cgphalexin/ fluoroquinolones

Py onephritis

Ciprofloxacin/ Levofloxacin

Complicated Pylonephritis Trimethoprim- Aminoglycosde+ampicillin
Sulfamethoxazole or an extended spectrum
cephal oporin+ aminoglycoside
VAP/HAP
Cultureproved VAP/HAP Chooseany oneaccording to culture sengitivity from:

M ost commonly(Acinetobacter
baumannii, Klebsiella
pneumoniae, Pseudomonas
aeruginosa)

Piperacillin-Tazobactam, Cefoperazone-Sulbactam,
Imipenem-Cilagtatin, Meropenem,Caligtin, Polymyxin B

MRSAVAP/HAP

Linezdlid

Vancomycin/Teicoplanin

Skin and soft-tissueinfections(SST1s)

Cdlulitis(S.pyogenes, S.aureus)

Cefazalin or cephdexinor Amoxicillin-clavulanate

+/- Clindamycin
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Necrotizing fasciitis(S. pyogenes
S.aureus, anaerobes, Gram
negativeorganisms)
(polymicrobid)

Piperacillin-tazobactam + Clindamycin

Necrotizing fasciitisAeromonas
/Vulnificus

Ciprofoxacin+Doxycycline

Erysipel asPropionibacterium
acnesM SSA

Amoxicillin-clavulanate

Abscess S. pyogenes,
Oral anaerobes

Clindamycin ORAmpicillin-sulbactum
ORAmoxidillin-clavulanate

Abscess S.aureus, facultative Linezolid OR Vancomycin + Ciprofloxacin
gram negative anaerobes

Clogtridium difficileinfection (CDI)

Mild to moderate CDI Vancomyain

SevereCDI withileus Vancomycin+ Metronidazole

Healthcar eassociated intra-abdominal infections

Healthcar e associated
intra-abdominal
infections

Imipenem/ Meropenem + Coligin, Tigecyline
Vancomyain

Healthcar eassociated ventriculi

tis/ meningitis

Methicillinsengtive Cloxadllin Ceftriaxone

Staphylococcus

Methicillinresgant Vancomycin Linezolid/ Cotrimoxazoleif
Staphylococcus susceptible

Non ESBL gram negative Ceftriaxone Cefotaxime/ Ceftazidime
ESBL gramnegative Meropenem Cotrimoxazole/ Moxifloxacin
Carbapenemresistant Systemic Coligtin/ Polymyxin B with (depending upon
gramnegative susceptibility) high dosetigecydine/ minocycline

fosfomycin/ cotrimoxazole/ quinolones/ chloramphenicol
withintraventricular / intratheca coligtin/ polymyxin
aminoglycosides

10
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Table3: Antimicrobial prophylaxisfor surgical siteinfections(SS|)?!

Surgical Wound Common Organisms |Antimicrobial prophylaxis
Classification
Class| /Clean Gram Positive cocci None or single perioperative dose of cefuroxime/

(S aureus, CoNS)

cephaexin (Idedly 2 grams)

Classll /Clean- GramNegative 1<t Line: Cefazolinor Ampicillin-sulbactam or
Contaminated Badlli Ceftriaxone (in patientsof acute cholecystitisor
Anaerobes acutebiliary tract infections)
S aureus Alternative: In caseof allergies; if mixture of
GPand GN issuspected: Ceftriaxoneonly if not
ESBL, clindamycin or vancomycinwith cefazolin,
aztreonam, gentamicin, or single-dose
fluoroquinoloneinb-lactamallergic
Classlll/ Gram Negative 1st Line: Cefazolin+ Metronidazole
Contaminated Badlli 2nd Line: Metronidazole+ Aminoglycoside/
Anaerobes Fluoroquinolone
ClasslV/ Gram Negative 1st Line: Cefazolin+ metronidazole,
Dirty-Infected Badlli Treatment for infected surgical wounds
Anaerobes Ertapenem + Clindamycin + aminoglycoside/
May be mixed with aztreonam Or fluoroquinolone+ metronidazole
Gram poditivebacteria | +aminoglycoside/ fluoroguinolone

Table4: Preferred surgical prophylaxismedication beforeand during varioussur geries®

SURGERY MEDICATION

Breast Inj. Cefazolin2gmor Inj. Cefuroxime 1.5gm |V stat

Gastroduodena & Inj. Cefaperazone- Sulbactam 2gm IV stat & BD for 24hrs(maximum)

biliary

ERCP Inj. Piperacillin -Tazobactum 4.5gm or Inj. Cefaperazone-
Sulbactam2gm IV stat

Cardiothoracic Inj. Cefuroxime 1.5gm 1V stat & BD for 48hrs

Colonicsurgery Inj. Cefaperazone - Sulbactam 2gm IV stat & BD for 24hrs (maximum)

Abdomina surgery Inj. Cefazolin2gmor Inj. Cefuroxime 1.5gm IV stat

(hernia)

Head & Neck/ ENT

Inj. Cefazolin2gm 1V dtat

Neurosurgery

Inj. Cefazolin2gmor Inj. Cefuroxime 1.5gm 1V dtat

11
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Obstetrics& Inj. Cefuroxime1.5gm 1V stat
Gynecology
Orthopaedic Inj. Cefuroxime 1.5gm 1V stat & BD for 24 hrg(maximum)

OR Inj. Cefazolin2gm 1V stat

Openreduction of closed fracturewith internd fixation -
Inj. Cefuroxime 1.5gm IV stat and g 12hor
Inj.Cefazolin2gm 1V stat and g 12hfor 24 hrs

Trauma Inj. Cefuroxime 1.5gm IV stat and g 12h (for 24 hrs)

or Inj. Ceftriaxone2gm IV OD

Urologicprocedures | Antimicrobiasonly to patientswith documented bacteriuria

Trans-recta Inj. Cefaperazone- Sulbactam 2gm 1V stat
progtatic surgery

Preventivestrategiesfor NI g2Y - Prevention playsamajor roleinthe control of NI. Numerousguidelines
have been established in US and European Union. Hospital infection control committeesareincreasingly
organi zed in modern hospital sto adviceregarding the control and prevention of NI. According to National
I nfection Prevention and Control Strategic Framework March 2020 guidelines, the preventive strategies
mainly focusses onisolation policies, administrative measuresand hospita epidemiology surveillance.?
Among the published guidelines, genera approachesare asfollowg?2Y:

1.

Educational programmes, checking catheters, recruiting aseptic team for checking surgical gloves,
gowns, etc. and infectionsat risk for suctioning devices, immunisation.

Petient isolation : singleroomfor high risk patients, topical trestmentsfor colonised Stes
Optima useof antimicrobial, control of antimicrobia use, performing regular audits

Hospital nosocomid infection survelllance such ascl ose cooperation with microbiol ogy, computerised
systemsin survelllance and fast transmission of data, proper elimination of medical waste.

Application of Infection Control committeerestriction policies, updating hospital formulary, applying
appropriate use of guiddines.

Healthcare waste management such as source segregation, safe transport, appropriate end point
disposd
Recruiting hospital design engineersfor suitable structure of wards, rooms, specificisolation units

and hedlth carefacilities. Close co-operation between authorities, microbiologi<t, infectious diseases
consultants.

1. Nosocomial pneumoniainfection prevention? - Maintenance, disinfection of respiratory equipment

12




Dr. Vidisha Parulekar : Treatment of Nosocomial infections and Healthcare associated infections

control of (endotracheal tubes, techniquefor insertion; careful use of invasive) exploratory endoscopies,
Oro-pharynged decontamination by treeting nosocomia sinusitisby loca antimicrobias(aerosols), gastric
alkalinisation by semi-recumbent position and care of enteral nutrition. Environmental measuressuch as
Survelllanceof ar conditioning humidities, hot water nebulisersto eiminatel egionela, isolation precautions
by followingisolationguiddines.

2. Bloodstr eam infection prevention!?Y - Careful manipulation of search for source of healthcareworkers:
ventilators, etc): bacteraemia(infection foci). Theduration of catheterisation should be changed at regular
intervals. Adjusting for severity of underlying disease, blood cultureswith automated techniquesfor rapid
identification of pathogens. Environmenta infection control by Hospital and Intensive CareUnit survelllance,
disposable catheters, close cooperation with microbiology. The novel concept of ‘care bundles grouping
best practicesfor care of invasivedeviceshave proven highly effectivefor reducing theratesof HAlsinthe
ICU. A ‘carebundl€e' isagroup of threeto five evidence-based i nterventions which, when performed
together, have abetter outcomethanif performedindividualy. The PROHIBIT trial (n=3500) analysed
therate of catheter related blood streaminfection (CRBSI) after Central Venous Catheter (CVC) insertion
in1CU when both ahand hygiene and best practice care bundle were used and demonstrated adecreased
rate of CRBSI from 2.4/1000 CV C daysto 0.9/1000.%

3. Surgical Siteinfection prevention!?- Preparation of operative hand-washing, gloves, gowns, masks,
etc. Minimisepre-operation Say : suitableskin preparation, hair removad : antimicrobia prophylaxis. Limiting
source of exogeneous contamination by using appropriatesurgical technique, limiting " dead space”’ exposing
wound, proper wound dressing.

Antimicrobial stewardship program (ASP)

Antimicrobial stewardship refersto coordinated interventions designed to improve and measure the
appropriate use of antimicrobialsby promoting the sel ection of the optimal antimicrobia regimen, dose,
duration of therapy and route of administration.’? Theantimicrobia stewardship criterion requiresthat all
healthcare serviceshave an antimicrobia stewardship program (ASP) in practice. Thefirst global survey
by Howard Pet d onimplementation of antimicrobia stewardship activitiesworl dwidereports53% coverage
inAsa® Theultimateaimistoachieveoptimal clinica outcomesre ated to antimicrobia usewithminimal
toxicity and other adverseevents; reduce hedth carecogtsfor infectionsand limit thesel ectionfor antimicrobia
strains. ASPhave shown 22-36% reductioninantimicrobial use. Also, one of thekey strategiesof ASPis
to prevent the emergence of antimicrobial resistance and decrease preventabl e healthcare-associated
infections

Conclusion

Withincreased burden of nosocomid infectionsand antimicrobial resistance, it hasbecomedifficult for
healthcare admini strations and infection control committeesto reach thegoal for eimination of intervals.
However, by practicing sound and hedlthy waysfor careddivery designed by infection control committees,
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controlling transmission of theseinfectionsusing appropriate methodsfor antimicrobial use, theresistance
inemerging pathogensagainst antimicrobia scan bereduced easily. An efficient surveillance method guided
by WHO can help hedlthcareingtitutesto deviseinfection control programs. Proper training of hospital staff
for biosafety, proper waste management and healthcare reforms and making general public aware of these
endemicinfectionscan aso helpin reduction of nosocomial infections.
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Abstract

Antimicrobial resistance (AMR) has emerged asa major threat to public health. India carries one of the
largest burdens of drug-resistant pathogensworldwide. One of the key contributing factorsishigh antibiotic
use due to poor prescription practices, self-medication, over-the-counter sale of drugs and lack of
awareness. AMR occurswhen a drug losesitsability to inhibit bacterial growth effectively and isreported
to have emerged among both Gram-positive and Gram-negative species. Comprehensive efforts are needed
to minimize the pace of resistance by studying emergent microorganisms, resistance mechanisms and
antimicrobial agents. Antimicrobial stewardship programme (AMSP) has been proved to be successful in
restraining sale and use of antibiotics to a large extent in many countries. An AMSP programme for a
hospital is imperative for rational and evidence-based antimicrobial therapy. The ultimate aim is to
improve patient outcomes, reduce emergence of bacterial resistance and ensure longevity of the existing
antimicrobials. The primary goal of AMSP isto encourage cautious use of available antibioticsby training
the healthcare workers and creating awareness.

Keynotes:

Antimicrobial resistance, Antimicrobial Sewardship Program, infection prevention and control

I ntroduction

Antibioticsarethe'wonder drugs extensively used to combat pathogenic microbes. For decades, multiple
varietiesof antibioticshave been used for therapeutic and prophylactic purposes not only for humansbut
across other industries such as agriculture and animal husbandry.™ In 1928, the discovery of penicillin
opened thedoor to themodern eraof antimicrobial medicines. Ever sincethen, these"magic bullets' have
transformed medicine and saved countlesslives.”? The period from the 1950sto 1970swas considered as
thegolden erafor thediscovery of novel antibioticsclasses!® Thebeginning of modern"antibicticerd’ was
synonymously associ ated with two namesAlexander Heming and Paul Ehrlich. Antibioticswereconsidered
amagic bulletsthat selectively targeted microbesthat were responsiblefor disease causation, but at the
sametimewould not affect the host. The discovery, commercialization and routine administration of
antimicrobial compoundsto treat infections revol utionized modern medi cine and changed the therapeutic
paradigm.® Unfortunately, thiseraended because researcherswere unableto maintain the pace of antibiotic
discovery intheface of emerging res stant pathogens. Pers stent failureto devel op or discover new antibiotics
and non- judicioususe of antibioticsarethe predigposi ng factors associ ated with the emergence of antibiotic
resistance.®

Antimicrobid resstance (AMR) occurswhenmicrobes(i.e., bacteria, viruses, fungi, and parasites) develop
mechanismsto evadeantimicrobids(i.e., antibiotics, antiviras, antifungal sand antiparasitic) rendering them
ineffective.” It isreported to occur when adrug losesits ability toinhibit bacterial growth effectively.
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Bacteriabecome 'resistant' and continue to multiply in the presence of therapeutic levelsof antibiotics.™
Antibiotic res stant strainshave emerged among both Gram positive and Gram negative species. Examples
include Saphylococcus aureus, Enterococcus species, Pseudomonas aeruginosa, Acinetobacter
species, Escherichia coli, Klebsiella pneumoniae, and Neisseria gonorrhoeae. Antibiotic resistancein
Mycobacteriumtubercul osishas|ed to the emergence of multi drug resistant tuberculosisand extensively
drug resistant (XDR) strainscausing tuberculosis (XDR-TB)

TheGlobal Problem

AMR hasbeenidentified asagloba hedth threat with serioushealth, political and economicimplications®
The progressmadein modern medicineisunder seriousthreat because of theemergence of AMR. Annual
deathsdueto AMR are anticipated to riseto 10 million worldwide by 2050.° This public health problem
isreceiving growing attention globally. Several countriesarefacing the emergence of bacteriathat are
completely resistant to availabl e antibiotics and countries are preparing country-specific action plansfor
AMR based on theglobal action plan of the WHO.!

Challengesof Antimicrobial resistancein India

Asantibiotic consumptionisthemaost important factor for making bacteriares sant against themost powerful
classof antibiotics. Indiaisat aseverely high risk of becoming the' AMR capitd of theworld. Inadditionto
therampant use of powerful antibiotics, Indiaisfaced with perennia public hedth concernslikeinadequate
accesstotoiletsand poorly implemented infection-control measuresin hospitals.*® Not only misuseand
overuse but underuse dueto lack of accessiscommonin India. Lack of accessto good quality, affordable
antibioticsleadsto s gnificant mortdity (especidly in children), and hence, thereisan urgent need to maximize
accessand limit excessantibiotic use™¥

Besidesthe health sector another crucial factor that iscontributing to therisng AMR incidenceisthe
injudicioususeof antibioticsin agricultureand livestock for increasing productivity of agricultural/livestock
output. India, likemany devel oping countries, lacksregulatory mechanismsfor antibiotic usein livestock
and agriculture, asaresult of which antimicrobial res dueshave often been found in agricultura produce,
chicken, meat and milk in several parts of the country.'? AMR isalso exacerbated by awiderange of
fixed-dose combinationsin the market, often without scientific or medical merit or evaluation. A recent
study reported 48 fixed dose combinationsand 22 |ooseantimicrobidsfor tuberculoss. Looseantimicrobids
comewithout packaging and do not mention the name of thedrug, itsmanufacturer, thedate of manufacture,
or the date of expiry. Thereis poor clinician awareness of the rationality and dosing of fixed-dose
combinations.*3

Indiaspendsonly 4.7% of itstotal Gross Domestic Product on health, with government share only one-
fourth (1.15%) of it, makesthetask massive. One study found the median cost of treatment of aresistant
bacterial infection to be morethan ayear wagesof arura worker.

Poor public hedthinfrastructure, ahigh burden of disease, and unregul ated sal esof antibioticshave contributed
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toarapidriseinresistant infectionsin India. Thishasahuge socioeconomicimpact dueto deathsand
increased costsdueto prolonged stay in hospital, additional and repeated |aboratory investigations, and
lossof work for treating resistant bacterial infections. Thereare no proper documented estimateson the
economicimpactsof AMRin India. It can beassumed that dueto the highincidenceof malaria, tuberculosis,
and HIV inIndiaand lack of regulations on the use of antibioticsin humansand the production of food-
producing animals, theimpacts of AMR on the Indian economy could be huge.l”

Origin of Antimicrobial resistance*?
< Natural resistance

Natural resistance may beintrinsic or induced. Intrinsic resistance may be defined asatrait that isshared
universally within abacterial species, isindependent of previousantibiotic exposure, and not related to
horizontal genetransfer. The most common mechanismsinvolvedinintrinsic resistance are reduced
permesability of theouter membrane& activity of efflux pumps. Multidrug-efflux pumpsarea soacommon
mechanism of induced resistance.

< Acquiredresistance

Acquisition of genetic materid that confersresistanceis possiblethrough all of the main routesby which
bacteriaacquireany genetic material: transformation, trangposition, and conjugation (all termed horizontal
genetransfer-HGT); plus, the bacteriamay experience mutationsto itsown chromosoma DNA. Plasmid-
mediated transmission of resistance genesisthe most common route for acquisition of outside genetic
meaterid.

M echanismsof Antimicrobial Resistance[14]

Antimicrobia res stance mechanismsfal into four main categories:

(2) Limiting uptakeof adrug - Gram positive bacteriado not possessan outer membrane, and restricting
drug accessisnot asprevalent. Thestructureand functionsof the Lipopolysaccharidelayer ingram negative
bacteriaprovide abarrier to certain types of molecules. The porin channelsin gram negative bacteria
generdly alow accessto hydrophilic moleculesand adecreasein the number of porinspresent and mutations
that changethe selectivity of the porin channe saffect itsdrug uptake.

(2) Modifyingadrugtar get - Resstanceto beta-lactam drugsoccurs viaalterationsin the structure and/
or number of PBPs(penicillin-binding proteins). For drugsthat target nudleic acid synthesis(fluoroquinol ones),
resistanceisviamodificationsin DNA gyrase. Vancomycin res stance ismediated through acquisition of
van geneswhichresultsin changesin the structure of peptidoglycan precursorsthat cause adecreaseinthe
binding ability of vancomycin.

(3) Inactivatingadrug - By actua degradation of thedrug, or by transfer of achemical grouptothedrug.
Drug inactivation by transfer of achemical group to the drug most commonly usestransfer of acetyl,
phosphoryl, and adenyl groups.
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(4) Activedrug efflux - Bacteriapossess chromosomally encoded genesfor efflux pumps. The efflux
pumpsfunction primarily torid thebacterial cell of toxic substances, and many of these pumpswill trangport

alargevariety of compounds(multi-drug [M DR] efflux pumps).

cell wall

Drug Limiting drug Drug target Drug Efflux pumps
uptake modification inactivation
Beta-Lactams | Decreased numbers Gram +ve: Gram +ve & Resistance-
of porins, no outer alterations in gram-ve: nodulation-cell
cell wall PBPs Beta-lactamases division family
(RND)
Aminoglycosides | Cell wall polarity Ribosomal Modifying RND
mutation enzymes,
methylation acetylation,
phosphorylation,
adenylation
Tetracyclines Decreased numbers Ribosomal Antibiotic Major Facilitator
of porins protection modification, Superfamily (MFS),
oxidation RND
Fluoroquinolones Gram neg-DNA Acetylation of Multidrug &
gyrase modification drug Toxic compound
extrusion family
(MATE), MFS
RND
Streptogramins Adenosine
triphosphate-binding
cassette (ABC)
Sulfonamides Dihydropteroate
synthase reduced
binding,
overproduction of
resistant DHPS
(Glycopeptides Thickened cell Modified
wall, no outer peptidoglycan
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Actionstaken sofar and possible strategiesfor control of AMR

Global Action Plan (GAP) for anti-microbial resistance*”

Toovercomethesecritical challengesto devel opment, the global community hasnow joined hands. GAPis
theframework to guide countriesin devel oping respective national action plans(NAP) andimplementing
thefollowing broad objectivesof GAP:

*  Improveawarenessand understanding of AMR.

»  Strengthen the knowledge and evidence base through research and surveillance, thus enhancing
awareness.

*  Reducetheincidenceof infectiousdiseasesand cross-col oni zation of multidrug-resistant organismsin
healthcare settingsand in thecommunity.

*  Optimizetheuseof antimicrobiasinhumanand anima health.

*  Ensuresugtanadlefunding for programmeimplementation and devel opment of new medicines, diagnodtic
tools, vaccinesand other interventions.

India'sNational Action Plan (NAP)

Thefirst maor step towardstackling thisproblem of AM R wastaken in theform of aNational Task Force
onAMR Containment in 2010 followed by the adoption of National Policy for Containment of AMR, the
Jaipur Declaration and theinclusion of antimicrobia containment inthe 12th 5-year planin2011. However,
thispolicy madelittle progressdueto difficultiesinimplementation. Further progresswasmadewith the
activeinvolvement of theIndian Council of Medica Research (ICMR), and the adoption of the" Chennai
Declaration™ at the second annual conference of the Clinical Infectious Disease Society at Chennai on
August 24, 2012. Thiswasthefirst-ever meeting of medical societiesinIndiaonthisissue. Thedeclaration
provided aroadmap to tackle the challenges of AMR from an Indian perspective. Thedeclaration hashad
an unprecedented impact at national and international arena.”

The Government adopted aNational Action Plan (NAP) onAMRin 2017. The strategic objectives of

NAP-AMR arealigned with theglobal action plan based on national needsand priorities.

Six strategic prioritieshave beenidentified under the NAP-AM R

(i) Improving awarenessand understanding of AM R through effective communication, education and
traning;

(i) Strengthening knowledgeand evidencethrough survelllance;

(i) Reducingtheincidenceof infectionthrough effectiveinfection preventionand control;

(iv) Optimizing the useof antimicrobia agentsin health, animalsand food;

(v) Promotinginvestmentsfor AMR activities, research andinnovations

(vi) Strengthening IndiasleadershiponAMR.
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TheWorld Health Organization (WHO) developed aglobal action plan (GAP) in 2015, which mandates
Member Statesto produce national strategic plansfor AMR through surveillance and reporting, antibiotic
stewardship and preventing infection. The WHO hasidentified antimicrobial stewardship programme
(AMSP) asoneof theinterventionsin GAP. Implementation of AM SPhasbeen found to reduce excessive
antibiotic usageand hasresulted in reduced resistanceratesin many countrieslikeAustraia, USA, France,
etc.'

Antimicrobial Stewar dship Program (AM SP)

AM SPrefersto comprehensive strategiesdesigned for rational use of antimicrobial agents (AMAS) by
optima antimicrobid drug, dosing, duration of therapy and route of administration with minimal toxicity.
ThevariousAM SPstrategiesinclude building capacity for stewardship activities, developing policiesand
guiddines, establishing systems, educating healthcareworkersand introducing useful interventions, specificaly
customized for the nationd setting.*

Pur pose of Antimicrobial Sewar dship Program!*8
1) Primarygod

*  Tooptimizesafeand gppropriate useof antibioticstoimproveclinica outcomesand minimizeadverse
effectsof antibiotics.

2) Secondary goas
*  Toreducehealth care costswithout adversely impacting quality of patient care

*  Toreducetheincidenceof antibioticinduced collateral damage

Strategic approachesto antimicrobial stewar dship®

*  Appropriateantimicrobial therapy

*  Optimizing antimicrobia prophylaxisfor operative procedures

»  Deveopingandimplementing an antibiotic policiesand standard trestment guidelines (STG)

*  Prospectiveauditing and providing feedback and timely intervention in streamlining the antibiotic
prescriptions

e Formulary restriction/ pre-authorisation

* Improving antimicrobial prescribing by educational and administrative means

To achievethese, acomprehensive approach through ahospital policy ontherationa use of antibiotics
isessential. The core strategies can bein theform of two major approaches, with the most successful
programmes generally implementing a combination of both. The front-end or pre-prescription
gpproachto tewardship usesrestrictive prescriptiveauthority which requiresapprova to use certain restricted
antibiotics, except trained clinicians. The back-end or post-prescription approach to stewardship uses
prospectivereview and feedback. Based onthereview and feedback, the cliniciansare recommended by
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the AM SPteam to modify or discontinue specific antibiotic use*” In addition to using oneor both of these
common gpproaches, comprehensiveantimicrobia stewardship programs (A SPs) usethefollowing Strategies
and techniquesto optimizeantimicrobial useinthehospital.

Active strategies
Prospectiveaudit with feedback intervention:

Inprogramsthat utilize prospective audit and feedback (PAF), trained Saff (typicaly sewardship pharmacists
or infectiousdisease physicians) review antimicrobia ordersand provideverba or written recommendations
to prescribersregarding optimization of antimicrobia use. Theintervention doesnot delay thefirst dose of
antimicrobial therapy, and acceptance of recommendationsisvoluntary. With thisapproach, prescriber
autonomy indlinica decison-makingispreserved. PAF hasbeen shown to reduceingppropriateantimicrobia
useinmultiplesettings, including intensive care units, long-term carefacilities, and pediatric and community
hospitalsaswell asin outpatient clinics. It has been associated with cost savings and, in some cases,
reductionin hospital-acquired infections. A disadvantage of audit and feedback isincreased timeand clinica
expertise compared to other interventions.

Formulary restriction/Pre-authorization

A smplemethod for carrying out formulary restrictionsisto establish adefined ingtitutional formulary. This
approach enforcesformulary restriction by strictly limiting which antimicrobid sareavailableto prescribers
at agiveninditution. Implementation of aningtitutiona formulary may betheleast controversa approachin
that it posesminimal threat to the authority of the prescriber. It can aso result in substantial cost savings.
Another formulary restriction methodissetting ingtitutional utilization criteria. Thisrequiresthe prescriber to
indicateappropriaterationaefor the selection of aparticular agent. Thiscan beaccomplished dectronicaly
iningtitutionswith computer physician order entry (CPOE) by requiring the prescriber to select thecriteria
for use from a pre-popul ated menu on the order entry screen. Lastly, antimicrobial restriction can be
accomplished by requiring prior approval for use by aninfectiousdiseases (I1D) physician or pharmacist
(i.e., preauthorization-based restriction). Thisgpproachistypicaly ingtituted in the setting of apre-existing
restricted formulary. Thismethod isperhapsthe most effective but requirestrained personnel to beavailable
for approvals.

Supplemental strategies
Didacticeducation 18

Educationisthemost frequently employed intervention and isconsidered to bean essentia element of any
program designed to influence prescribing behavior. Education effectsinclude conference presentations,
student and house staff teaching sessions, provision of written guidelinesor e-mail aert. Academic medical
centersand teaching hospital s shoul d integrate education on fundamental antibiotic stewardship principles
intothelr pre-clinical and clinical curricula Sharing facility specificinformation on antibiotic useisatool to
motivate improved antibiotic prescribing practices. Thereare many optionsfor providing education on
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antibiotic useincluding presentations, postersand flyers, newd ettersor e ectronic communication to staff.
Facility specificclinical practiceguidelinesfor common infectious diseases syndrome (2!

Antimicrobid stewardship programsshould deve op facility-specific clinica practiceguiddinesand pathways
for commoninfectionsbased onloca epidemiology, susceptibility patterns, and drug availability or preference.
I nfecti ous di sease syndromesinclude community-acquired pneumonia, urinary tract infections, skinand
soft tissueinfections, fever, and neutropenia

Clinical pathwaysfor surgica prophylaxisshouldincludethe choiceof antimicrobias(narrowest spectrum
to cover themost likely pathogens based upon surgical site), optimizedosing to alow for gppropriatedrug
concentrationsat theincison Ste(including weight-based dosing), and limit theduration of antibioticexposure.
Implementation of inpatient pathways has been associated with more appropriate antimicrobial useand
reduced length of hospital stay, readmission, and cost.

Guiddinesand clinical pathways!?

The devel opment of standard treatment guidelines (STG) should be based on cumulative antibiogram of
organisms, antimicrobial policy, surveillance onantimicrobial resistance, antibiotic consumption dataand
hospital acquiredinfection (HAI). One of the advantages of guideline devel opment isthat it providesthe
opportunity toincorporate many thought leaderswithin ahospital to devel op hospital- or network-specific
agorithms. Guidelinescan usenationa recommendationsbut shouldincorporatelocd trendsinantimicrobia
resi stance and hospital-specific targetsfor decreased use.

Antibiotic cycling!®?

Antibiotic cydingisthe scheduled remova and subgtitution of specific antimicrobiasor antimicrobia classes
inagiven patient careunit. The hypothesisisthat by removing specific classesof antimicrobidsonaregular
basis, the development of resistance can be avoided. For example, al patientswith suspected ventilator-
associated pneumoniainacertain | CU might betreated with afourth-generation cepha osporin in January,
an anti-pseudomond betarlactam/beta-lactamaseinhibitor in February, and an antipseudomona carbapenem
inMarch; thenthecycleisrepeated.

Antimicrobial order for ms[téliz

Order sets, whether on paper or as part of acomputerized physician order entry system, can beanimportant
tool inthe stewardship team's effortsto ensure guideline-based appropriate empiric antibiotic ordering.
Depending on thelevel of sophistication of the paper or electronic order set, the system can prompt the
prescriber to make guideline-based antibi otic choices based on relevant clinical factors, to think about
dlergies, toremember to adjust for rena function, to consder the cost of therapy, and to order theappropriate
tests, monitoring, and consultations. Antimicrobia order formsdecreaseantimicrobia consumptionthrough
the use of automatic stop ordersand the requirement of physician justification. Automatic stop orders
should not replaceclinical judgment, and renewal requirementsmust be clearly communicated to providers
to avoid inappropriatetreatment interruptions.
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Antibiotic use measur es(*8

Periodic assessment of antibiotic usefor treatment of infection should be performed to determinethe
qudity of antibioticsuse. Antibiotic use can be optimized by using accurate diagnostic criteriafor infection,
prescribing recommended agentsfor aparticular indication, planned duration of antibiotic therapy, obtained
blood culture prior to antibiotic therapy. Antibiotic use can be measured by two strategies, daysof therapy
or defined daily dose (DDD). Days of therapy isan aggregate sum of daysfor which any amount of an
specific antimicrobia agent isadministered or dispensed to aparticular patient divided by astandardized
denominator (patient days). DDD metric estimatesantibiotic usein hospita sby aggregating thetotal number
of gramsof each antibiotic purchased, dispensed or administered during aperiod of interest divided by
WHO assigned DDD.

Sreamlining/de-escalation 8

Excessively broad spectrum therapy contributesto the sel ection of antimicrobia resistant pathogens. This
conflict can be resolved when culture results become available which in turn promote judicious use of
antibiotics by streamlining or de-escal ating empiric therapy to more targeted therapy that decreases
antimicrobia exposureand containscost. An antibiotic timeout promotesthe reassessment of continuation,
choice of antibiotic or changeto targeted therapy. All clinicians should perform areview of antibiotics48
hoursafter prescription.

Switch from parenteral tooral therapy

Antimicrobial therapy for patientswith seriousinfectionsrequiring hospitaizationisgenerdly initiated with
parenteral therapy. Enhanced oral bioavailability among certai n antimicrobial s-such asfluoroquinol ones,
oxazolidinones, metronidazole, clindamycin, trimethoprim-sulfamethoxazole-allowsconversonto oral
therapy once apatient meetsdefined clinical criteria Thiscan decreasethelength of hospital stay and
health care costs.

Conversion from intravenous to oral
antimrobials

(Switch criteria)

1. Climical stability
Downward fever trend
Downward WBC trend

Stable vital signs

2. Ability to tolerate oral intake
On oral diet/medication/enteral feeds
No vomiting/diarrohea
No malabsorption

I Yes l No
I ) | Continue
Co:::lllt to with

intravenous

* unless Severe sepsis, febrile neutropenia, deep seated abscess

Figurel: A systemicplan for parenteral tooral conversion of antimicrobials
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Other strategies®
< Information technology - Computer surveillanceand decision support

With the advent of improved modern health careinformation technology has offered the opportunity to
expand the breadth, depth, and efficiency of AM S programs. Point-of-care access to current medical
informationiseasly availableto the practitioner through the use of smart phones, i Pads, and other personal
digital assistants. In addition, mobile health has enormous scopewithin AM Sto both assist patientswith
antibioticreminders, andto assst busy clinicianswith antimicrobia information, clinica prescribing support
and efficient collection of antimicrobia data. Computer physician order entry (CPOE) and el ectronic medica
recordsisconsidered asone of the most important "leaps’ that organizations can take to substantially
improve patient safety. Computer surveillance program presents epidemiol ogical informationwith detailed
recommendationsand warningsregarding antimicrobial regimensand coursesof therapy.

< Roleof microbiology laboratory

Theclinical microbiology laboratory playsacritical roleinthetimely identification of microbia pathogens
and the performance of susceptibility testing. Susceptibility testing canadinthe prudent useof antimicrobids
and direct appropriate therapy based onloca guidelines. Molecular diagnosticsallowstheidentification of
difficult-to-culture pathogens, potentialy avoiding theneed for extended coursesof broad-spectrumempirica
therapy. L oca antibiogram with pathogen-specific susceptibility datashould be updated at |east annualy,
to optimi ze expert-based recommendationsfor empirical therapy.

Antimicrobial stewar dship Team [

*  Maedicd directors-They should provide supportive effortsto improveantibiotic usein hospital sthrough
ng, monitoring and communi cating the changesby setting standard antibiotic prescribing practices.

*  Pharmacists- Responshilitiesof pharmacistinclude: avoiding thedispensing of drugsover the counter
without prescription, emphasizing the correct drug, dose, duration and educating the patient on
antimicrobia useand quaity assuranceactivities.

*  Microbiologist - canguideaccurateand reliablediagnostic test for infectiousdisease. They can suggest
empirical therapy derived from cumulative antibiotic res stancereportsavail ablein hospitals. Clinica
Microbiologist playsacrucia rolein sending alerts of multidrug resi stant pathogens and educating
about therapid diagnostictestsavail ablein hedlthcare settings.

* Infection prevention control committee-They should monitor and prevent the spread of health care
associated infectionsthrough auditing, analyzing and reporting data. They track antibiotic usein hospitas,
adherenceto evidence-based published criteriaand review antibiotic res sance patternsin the hedthcare
facility. They educate staff on theimportance of appropriate antibiotic use and implement antibiotic
stewardship strategiesto optimizeantibiotic use.
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Goal and Tar getsof theAM SP and thefuturevision [*3

AMSP isacoordinated, quality improvement strategy designed to encourage the appropriate use of
antimicrobial agentsto optimize clinical outcomeswhile minimizing collateral antimicrobial effects.
Collateral effects are primarily AMR but also include any other adverse antimicrobial event. AMS
promotes prudent, effective prescribing through optimization of antimicrobial selection, dosage,
duration of treatment, and route of administration. An AMS programme comprises both clinical
leadership in prescribing and corporate responsibility for prescribing practice, including strategy,
surveillance of antimicrobial use, and education relating to antimicrobial therapy.

Conclusion

There has been an alarming increase in AMR in India due to unwarranted use of antibiotics.
Implementation of AMSP on priority will help rationalize antimicrobial usage in our country. The
ultimate goal of antimicrobial stewardship isto reduce the adverse consequences of antibiotics and
theemergenceof resistant organisams. Avallability of physicians, pharmacigstrainedin | Dsand documentation
such asantibiograms and treatment guidelinesiscrucia for implementation of anAM SP. AM SPefforts
would also need to be supported with improved diagnostic facilities and infection prevention control
programmes. Thereisaneed to customize solutionsfor AM SPrel evant to our needs based on healthcare
systeminthecountry. Thiswould requirefunding research to devise and implement ideal AM SPpractices
addressing thelocal needs. It isthe need of the hour that all hospitalsin IndiainitiateAM S strategiesand
start implementing to benefit patientsand a so for spill over benefitsto community by reducingAMR.
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LEVOFLOXACININDUCED SEIZURES

Dr.Hardik Thaker
Third year Resident, Department of Pharmacology, LTMMC, SION, Mumbai

Abstract

Seizures, encephalopathy, optic neuropathy, peripheral neuropathy, and exacerbation of myasthenia
gravis) are important examples of neurotoxic adverse events due to antimicrobials. They are more
common in the elderly patients with renal insufficiency, and in patients with pre-existing problemsin the
central nervous system (CNS). Beta-lactams and quinol ones ar e the antibi otics most commonly associated
with neurotoxic side effects. Neurotoxicity like seizures is an effect of decrease GABA inhibition and/or
increase glutamate mediated excitation which is a direct effect of the culprit drug or effect of a drug
interaction. Here we present an adverse event report of a young female patient with no predisposing

factors who experienced seizures after administration of levofloxacin for pneumonia.

I ntroduction

Levofloxacin, whichistheactiveisomer of ofloxacin, isabroad spectrum third-generation fluoroquinolone.
Levofloxacinisasafeand effective medicineon theWorld Heal th Organi zation'sessential medicinesligt. It
was patented in 1987 and subsequently received FDA-approval in 1996 for medical useinthe United
Sates. M Levofloxacin'sthergpeutic userangesfrom the common respiratory, urinary tract and gastrointestind
infectionsto management of drug resistant tubercul osisand febrile neutropeniain immunocompromised
patients.? Pooled saf ety datafor levofloxacin (n=7,537) suggest that the most common adverse drug
reactions|eading to discontinuation of the medi cation are gastrointestinal adversereactions(1.4%), nausea
(0.6%), vomiting (0.4%), dizziness (0.3%), and headache (0.2%).® Central nervous(CNS) toxicity caused
by levofloxacinisaknown but rare adverse effect, with symptomsincluding headache, dizziness, deep
disturbance, psychosis, delirium, seizures, myoclonus, and others.!

Herewe present arare case of L evofloxacininduced generalised tonic clonic seizurein an adult woman
with no prior history of seizures.

Case

A 47-year old woman who isaknown case of type 2 diabetesmellitus, hypertension, and rheumatic heart
disease was brought to the emergency room with dyspnoeagrade11-1V. She complained of chest pain,
breathl essnessand dry cough sincethe past two days. On examination her vitalswere BP- 140/90, Pulse
- 110 beats/minute, SpO2 - 80%, Respiratory rate - 40/min and she presented with generalised pallor and
limb oedema. On respiratory examination bilatera crepitationswereheard. Inview of respiratory distress
shewasintubated and admitted to theintensive care unit. Laboratory findings showed awhiteblood cell
count - 15600/microL ., haemoglobin - 10.10gm%, and normal liver function tests, serum creatinine and
serum electrolytes. Chest X -ray was suggestive of pulmonary oedemaand bilateral fluffy shadows. She
had no prior history of drug alergy, psychiatric disorders, seizuredisorder or any other neurologic problems.
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Shewasdiagnosed asacase of septicaemiawith pneumoniaand was started oninjection Meropenem 1gm
threetimesaday and injection Amikacin 500mg once aday. The next day injection Levofloxacin 750mg
onceaday wasadded to theantibiotic therapy. All three antibiotic drugswere givenintravenously in 100cc
normal salineover two hours. Shehasa so been taking Gliclazide 80mg for type 2diabetesmdllitus, aspirin
75mg for rheumatic heart disease and telmisartan 40mg for hypertension.

Onthefourth day after startingintravenouslevofloxacin, whilethe drug was being administered the patient
suddenly devel oped generalised tonic clonic sel zure (GTCS) with uprolling of eyeswhich lasted for two
minutesand postictal drowsinessfor aduration of ten minutes. Immediately after thisthe patient wasgiven
injectionlevetiracetam 1gmintravenoudy in 100cc normal saline over 30 minutesand shewasa so put on
VAC (ventilation assist control) modewith 100% O2. L evofloxacin wasdiscontinued after thisevent and
was not started again. The patient recovered from the event without any permanent damage and had no
episodesof GTCS after levofloxacin was discontinued. M eropenem and amikacin were continued inthe
above mentioned doses.

Asper thel CH E2 seriousnesscriteria, thereaction isseriousasitislifethreatening. The causdlity of this
reaction asper the WHO UM C causality assessment scaleis " Probable" asdechallengewaspositive, the
patient did not have any episodes of GTCS after discontinuation of levofloxacin and rechallengewith
levofloxacin wasnot done. According to the Modified Schumock & Thornton Preventability Scale, the
occurrenceof thisreactionin caseof our patient was preventableinview of thepossibledrug-drug interaction
between levofloxacinand NSAIDs.

Discussion

Levofloxacinisabactericidal antibiotic of thefluoroquinolonedrug classthat directly inhibitsbacteria
DNA synthesis by inhibiting the bacterial enzyme DNA gyrase thereby interfering with replication,
transcription and repair of bacterial DNA.® Levofloxacin (molecular weight of 361 daltons) is
24%-38% protein-bound, has a mean volume of distribution of 1.1 L/kg and is 80% cleared by the
kidneys.!® It is FDA-approved for the treatment of nosocomia pneumonia, community-acquired
pneumonia, acute bacterial rhinosinusitis, acute bacterial exacerbation of chronic bronchitis,
prostatitis, acute pyelonephritis, urinary tract infection (uncomplicated or complicated) and skin or
skin structure infections.”

The primary adverse effects of levofloxacin include photosensitivity, nausea, diarrhea, headache,
tendinitis, tendon rupture, hyper-hypoglycemia, seizures, prolonged QT interval, and peripheral
neuropathy.’® The safety and efficacy of levofloxacin have been well documented, and CNStoxicity
islow, occurring in just 1 out of every 6 million prescriptions.®%

The neurotoxic potential of levofloxacin is closely related to its antagonistic activity on gamma-
aminobutyric acid (GABA) receptors. Proposed mechanismsincludeinhibition of GABA-A receptors
and activation of excitatory N-methyl-D-aspartate (NMDA) receptors.*! As GABA isaninhibitory
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neurotransmitter, blockingitsaction favoursexcitatory neurotransmission, which canlead to adverse effects
such asseizures.' |t hasbeen claimed that binding to the GABA-A receptor, and consequently seizure
risk, would be enhanced by certain substitutions at the 7-position of the quinolonering system, notably
piperazinegroupsasin ciprofloxacin.[**¥ Levofloxacin asohasasimilar substitution.

Electrolyteabnormalitiesarewel | recognized causesof seizures. In our case, however, itisunlikely asthe
serum eectrolytes of the patient were normal. The epileptogenic nature of fever isalso awell recognized
cause of seizures. Nevertheless, in our case, it doesnot appear to be adeterminant factor considering the
patient did not havefever at thetime or beforethe episode of GTCS. A report by Kushner et a suggested
that the elderly and patientswith decreased renal function areat ahigher risk of fluoroquinolone-induced
seizure.*™ In hiscase, however, thesefactorsdo not apply asour patientisonly 47 yearsold and hasa
normal creatininelevel of 0.6 mg/dl.

Thereisaclear temporal relationship between theinitiation of levofloxacin and the appearance of seizures.
Asevident in previousliterature sei zures can occur in daysor even hoursof initiating levofloxacin asit
readily crossestheblood brain barrier and enters CNS.*9 | n current casethey occurred on thefourth day
of therapy and therewas no recurrence on withdrawal of thedrug. Thisconfirmsthe WHO UMC causal
association to be probablein our case. Possibility of drug interaction between levofloxacin and aspirin
causi ng predisposition to seizurescannot be negated in our case asliterature suggest that thisinteractionis
possible dueto GABA-B receptor antagonism.[1617

Other thanthislevofloxacin canincrease epileptogenic potentid of CY PLA2 subgtrates, such asmirtazapine,
metoclopramide, and theophylline by decreasing their metabolism.[®l A casereport by Gervasoni C et a
mentionsthat AT P-binding-cassette (ABC)-transportersare known to play amajor rolein limiting the
passage of drugslikelevofloxacininto thebrain, and genetic polymorphismsinnamey ABC-B1and ABC-
G2 increases concentration of levofloxacin in the central nervous system.*® Theimplications of these
pharmacogenetic aspectsin our patient are not confirmed.

Mg ority of druginduced seizuresare self-limited. However, prolongation of the convulsive muscleactivity
can lead to hypoxia, hypercarbia, pulmonary aspiration of gastric contents, lactic acidosis, hyperthermia
and rhabdomyolysis. Initial treatment consists of airway management with adequate oxygenation and
ventilation, stabilization of the blood pressure and heart rate and rapid testing of serum glucose concentration
and corebody temperature. Intravenouslorazepamispreferredinitial benzodiazepine, athoughintravenous
midazolamisasowidely used. If not effective abarbiturate, phenytoin, ketamineand levetiracetam can be
U%d.[lg]

Concluson

L evofloxacinisacommonly used antimicrobid agent. Cliniciansare advised to be cautiousregarding the
useof levofloxacinin patientswho haveaprior history or predisposing risk factor for seizuresand also
using it in combination with drugswhich haveaproconvul sant action namely the CY P1A 2 substratesand
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NSAIDs. Last but not theleast arobust pharmacovigilance mechanismisessential for determining and
monitoring the CNSadverse effects of levofloxacin and other fluoroquinol ones.
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SHORT REVIEW OFBETALACTAMASE INHIBITORS
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Beta-lactam antibioti cs constitute 60% of antibiotic consumption al over theworld and the highest level of
concernand threat to globa hedthistheevolution of antimicrobial resistance!? Betalactamaseinhibitors
(BLI) extend the spectrum of itscompanion betalactam (BL ) antibiotic by destructing the betalactamase
produced by the particular organism providing theinhibitor isactive against the betalactamasethat is
produced. It restoresthe effectiveness of the B-lactam antibiotics.®! Thisarticle focuseson the recent
studiesillustrating the newer agentsin past 3 yearsthat are on the threshold of clinical application.

1) VABORBACTUM

Itisthefirst boronicacid 3 lactamaseinhibitor found to exhibit itsaction against Escherichiacoli, Klebsela
pneumoniae, and Enterobacter cloacae species complex in patients>18 years of age. Vaborbactamis
administered in combination with meropenem??

Approved by U.SFDA inAugust 2017

Approved by European Medical Agency in November 2018
CDSCO: NotAvailable

Uses™

1) Treatment of Urinary Tract I nfectionsincluding pyelonephritis.
2) Complicated Intra-abdominal infections.

3) Hospita-acquired pneumonia, including ventilator-associ ated pneumonia.

Dose Frequency Infusontime Forms

meropenem 2 grams every 8hours 3hours Injectionissupplied

and vaborbactam as a sterile powder

2 gram for constitution in
single-dosevials

Adverse drug reactions- Headache, diarrhea, inflammation of the vein around the infusion site and
nausea.®

2) RELEBACTUM

Relebactam is a small serine-based molecule with a diazabicyclooctane core and in contrast, also
possesses a piperidine ring. Addition of relebactam to imipenem broadens the spectrum and act
against imi penem-resi stant Enterobacteriaceae and P. aeruginosastrains. 12
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Approved by U.SFDA inJuly 2019

Approved by European Medical Agency in February 2020
CDSCO: NotAvailable

Usesl®l

1) Complicated urinary tract infections, including pyel onephritis
2) Complicated intra-abdomina infections.

Dose Frequency Infusontime Forms

Imipenem 500 mg, every 6 hours 30minutes Aninjectionis

Cilastatin 500 mg, supplied as a sterile

Relebactam 250 mg powder for
consgtitution in
single-dosevials

Adversedrug reactions- Most common side effect with (which may affect up to 1in 10 people) is
diarrhea and hypersensitivity reactions — anaphylaxis and skin reactions. [

3) CEFIDEROCOL

It isanovel antibiotic hybrid having a siderophore-containing cephal osporin agent act against A.
baumannii, P. aeruginosa, Burkholderia cepacia and S.maltophilia species. ©

Approved by U.SFDA in December 2019
Approved by European Medical Agency in April 2020
CDSCO: NotAvailable

Uses¥ - Patientswith complicated UTI without pyel onephritis, with uncomplicated pyel onephritis, and
with complicated pyel onephritis.

Dose Frequency Infusontime Forms

Cefiderocal 2 grams every 8 hours 3hours Lyophilized powder
for recongtitution in
single-dosevials

Adverse drug reactions-Diarrhea, infusion site reactions, constipation, rash, candidiasis, cough,
elevationsin liver tests, headache, hypokalemia, nausea, and vomiting.[® (X%
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Newer drugs!*¥

DRUGS USE CLINICAL TRAIL
Sulopenem, iv/ord Uncomplicated and
complicated UTI Phase 3
Durlobactam + sulbactam, iv | A, baumannii infections Phase 3
Cefepime-taniborbactam UTI and acute pyelonephritis | Phase 3
M eropenem-nacubactam Enterobacteriaceaeinfections | Phase 1
Cefepime-zidebactam Enterobacteriaceae infections | Phase 1
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TRENDSIN SAFETY ALERTS OF FLUOROQUINOLONES
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Background

Fluoroquinolones (fluorinated-4-quinolones), are synthetic fluorinated anal ogues of nalidixic acid.
Quinolones act by blocking bacterial DNA synthesis, their target being bacterial DNA gyrase
(topoisomerase I1) for many gram-negative microbes and topoisomerase |V for many gram-positive
bacteria® 2

Fluoroquinolones are potent bactericidal agents having abroad anti-microbial activity(3). However,
due to potentially fatal side effects, many quinolones had to be withdrawn. Many of these side
effects were discovered during the post marketing surveillance(4). It is important that both health
care providersand patients are aware of both the risks and benefits of fluoroquinolones and make an
informed decision about their use. FDA-approved fluoroquinolones include levofloxacin,
ciprofloxacin, ciprofloxacin extended-rel ease tablets, moxifloxacin, ofloxacin and Gemifloxacin.

Thisfocuses on the important safety alerts trend of fluoroquinolones that have been added over the
course of the years.

SAFETY ALERTS:
1. TENDINITISAND TENDON RUPTURE:

FDA first added a BOXED WARNING, in the year 2008 (8th July), to systemic use of
fluoroquinolones for the increased risk of developing tendinitis and tendon rupture ©. Thisrisk
increases in those over age 60; in kidney, heart, and lung transplant recipients and with use of
concomitant steroid therapy. The mechanism for fluoroquinolone-induced tendon rupture remains
uncertain, but has been linked to changesin collagen fibrilsfollowing alterationsin the regul ation of
matric metall oprotei nases associated with non-traumeatic rupture . Fluoroquinolone exposure caused
an estimated 2.9 tendon ruptures and 2.1 Achilles tendon ruptures per 10,000 patients per year and
was greatest in patients aged 60 years and over. Concomitant oral corticosteroid exposure had a
large impact on absolute risk, with the highest rates of tendon rupture associated with concomitant
fluoroquinolone and corticosteroid exposure in males and in patients aged 60 years and over 2, A
recent database study of 6.4 million patientsfound that use of fluoroquinoloneswas associated with
a4-fold increased risk of Achilles tendinopathy, and a 2-fold increased risk of tendon rupture 9,

Theinformation regarding warnings for fluoroquinolones and adverse effects on tendons appliesto
fluoroquinolones for systemic use (e.g., tablets, capsules and injectable formulations); it does not
apply to fluoroquinolones for ophthalmic or otic use (e.g., eye drops and ear drops) ©. Patients
should be advised to stop taking the fluoroquinolone at the first sign of tendon pain, swelling, or
inflammation, to avoid exercise and use of the affected area.
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2. MYASTHENIA GRAVIS:

Fluoroguinol one exposure may result in potentialy life-threatening myasthenia gr avis exacerbations
in patients with underlying disease ©. There are reports of the exacerbation of myastheniagravis by
ciprofloxacin, levofloxacin, norfloxacin, ofloxacin, trovafloxacin, moxifloxacin, gatifloxacin,
pefloxacin and prulifloxacin 89, The occurrence of increased myasthenic weakness shortly after
the start of fluoroquinolone treatment and the rapid improvement after withdrawal of the antibiotic
in each reported case are consistent with a fluoroquinolone block of neuromuscular transmission.
M echanism by which fluoroquinolone cause myasthenia gravisis by reducing the amplitude of the
miniature endplate potentials ©®.

Therisk of worsening symptomsfor those with myastheniagraviswas added to the boxed War ning
19 jn the month of February 2011 by FDA. Therisk isincreased in patients taking corticosteroid
drugs, patientswith kidney, heart or lung transpl ants; and was greatest among men and ol der patients
>60 years.

Myastheniagravis exacerbation can be life-threatening and require ventilatory support. Healthcare
professionals should be aware of this serious drug-disease association and carefully weigh the benefit-
risks of fluoroquinolones when treating infections in non-ventilated myasthenic patients.

3. PERIPHERAL NEUROPATHY:

In August 15th, 2013, The U.S. Food and Drug Administration (FDA) strengthened its drug labels
and medication Guidesfor all fluoroguinolone antibacterial drugs be updated to better describe the
serious side effect of peripheral neuropathy 2.

Peripheral neuropathy encompasses single and multiple mononeuropathiesaswell as polyneuropathy
14|t hasadiverse manifestation, usually involving sensory disturbances affecting the nervesleading
to hypoesthesia or hyperesthesia, affecting functional ability and quality of life.

The exact mechanism of peripheral sensory disturbances due to fluoroquinolonesis unknown. The
diversity of symptoms and difference in onset and recovery times suggest that more than one
mechanism is likely. The pathological changes in drug-induced peripheral neuropathy consist of
axonal degeneration with secondary breakdown of the myelin sheath, or morerarely primary segmental
demyelination @9,

Fluoroguinolone exposure was associated with an increased relative incidence of peripheral
neuropathy, incident rateratio by 1.47. Risk increased was approximately by 3% for each additional
day of current fluoroquinolone exposure and persisted for up to 180 days following exposure. The
absolute risk with fluoroquinolone exposure was 2.4 per 10000 patients per year®®. The risk of
peripheral neuropathy occurs only with fluoroquinolones that are taken orally or by injection @3,
The topical formulations of fluoroquinolones, applied to the ears or eyes, are not known to be
associated with thisrisk. The risk was greater in men and in those older than 60 years of age.
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4. NEW LABEL CHANGESHYPOGLYCAEMIA & MENTAL HEALTH:

Intheyear 2018, July 10, the FDA strengthened the existing warningsin the prescribing information
that fluoroguinolone antibiotics may cause significant decreases in blood sugar and certain mental
health side effects®”. Most fluoroguinolone antibiotic drug labels include a warning that blood
sugar disturbances, including high blood sugar and low blood sugar. A range of mental health side
effects are also described under central nervous system effects in the warnings and precautions
section of thedrug label. The label changes added that low blood sugar levels, can lead to comaand
also make the mental health side effects more prominent and more consistent across the systemic
fluoroquinolone drug class. The mental health side effects to be added to or updated across all the
fluorogquinolones are: disturbances in attention, disorientation, agitation, nervousness, memory
impairment, serious disturbances in mental abilities called delirium.

Animal studies suggest that the mechanism of action by which fluoroquinolones cause hypoglycaemia
is by blocking ATP-sensitive potassium channels in pancreatic beta cells leading to calcium influx
through voltage-gated calcium channels causing insulin secretion and subsequent hypoglycaemia
1819 Fluoroquinolones have caused at least 67 cases of life-threatening hypoglycaemic coma,
including 13 deaths and 9 permanent and disabling injuries, according to an internal safety review
by the Food and Drug Administration. Most cases were associated with levofloxacin. The agency
reviewed cases in the FDA Adverse Event Reporting System, and in published medical literature,
during 1987-2017. Most of the incidents were in the system; 11 additional cases were published.
L evofloxacin caused most of theincidents, followed by ciprofloxacin, moxifloxacin, and ofloxacin.
Four of the fluoroquinolones have a labelled drug interaction with sulfonylurea agents, which can
cause hypoglycaemia®.

The newest fluoroquinolone, delafloxacin, was not included in the class review. However, FDA
expects that similar adverse events will be associated with delafloxacin and labelling on that drug
will include the new warnings®.

The low blood sugar levels can result in serious problems, including coma, particularly in older
people and patients with diabetes who are taking medicines to reduce blood sugar. It has been
illustrated that that even patients without a history of diabetes, or hypoglycaemic agent use can
manifest profound hypoglycaemia secondary to fluoroquinolone use .

The proposed mechanism involved in the development of mental health side effects seems to be
related to the quinolones’ ability toinhibit the binding of -aminobutyric acid (GABA) to the GABA
receptors, leading to CNS excitation®?. The mechanism(s) by which quinolones affect the CNS are
not convincingly elucidated. However, there are studies indicating that GABA receptor interaction
cannot be the only mechanism of quinolone neurotoxicity®. Another possibility which should be
investigated is that quinolones stimulate production of interleukin-2. In animals, interleukin-2
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produces side effects similar to those seen when high doses of fluoroquinolones are administered
@9 Many of themore severe CNSreactions seem to be due to metabolic interaction with theophylline
(23).

A number of studies demonstrated that serum concentrations of norfloxacin and ofloxacin were
significantly elevated by coadministration with fenbufen. It has also demonstrated that fenbufen
facilitated the entry of ciprofloxacin, norfloxacin and ofloxacin into the CNS, thus elevating the
concentrations of these quinolonesin the brain and CSF?,

CNS effects associated with quinolones range from the trivial to severe (dizziness to convulsions)
and vary among class members. Ofloxacin and its L-isomer, levofloxacin, have been observed to
induce a range of CNS-related adverse reactions, including headaches (9% ofloxacin, 6%
levofloxacin), dizziness (5% ofloxacin, 3% levofloxacin), and less common eventsinclude confusion,
impaired thinking, insomnia and rarely psychosis?). With trovafloxacin, dizziness is the most
frequently reported adverse event at 19%; however, with other new agents, dizzinessislesscommon
(moxifloxacin 2.9%, gatifloxacin 3%, gemifloxacin 2.8% . The new label changes will make the
mental health side effects more prominent and more consi stent across the systemic fluoroquinolone
drug class.

5. AORTIC ANEURYSM/DISSECTION

In 20th December 2018, a U.S. Food and Drug Administration (FDA) review found that
fluoroquinolone antibiotics can increase the occurrence of rare but serious events of ruptures or
tearsinthe aorta®”. Current use of fluoroquinolonewas associated with more than a2-fold increased
risk of aortic aneurysm or dissection®, |t was associated with a statistically significantly increased
risk of aortic dissection and aortic aneurysmin afixed effects metanalysis?®. Past use and any prior-
year use were similarly associated with an increased, although attenuated, risk for these severe
adverse events. Longer duration of fluoroguinol onetherapy was al so associated with higher incidence
of aortic aneurysm or dissection. The risk increase of aortic aneurysm or dissection was more
substantial in patients older than 70 years and in femal e patients?.

Whilethe exact mechanism of how use of fluoroguinolone can cause aortic aneurysm and dissection
is unknown, there are several possibilities. The strength of the aortic wall relies on the structural
integrity of the extracellular matrix proteins, which are regulated by proteolytic enzymes such as
matrix metalloproteinases (MMPs). It has been demonstrated that MM Ps play an important rolein
the pathogenesi s of aortic aneurysm and dissection. Dysregulation of MMP production and activity
leads to extracellular matrix degradation and medial layer degeneration. Examination of smooth
muscle cells from abdominal aortic aneurysm shows an upregulated expression of MMP-9 and
MMP-29_ Animal studies have shown that fluorogquinolones may induce the expression of MM P-
9and MMP-2. Both MM P-2 and MM P-9 are gel atinases that have collagenolytic activity. Therefore,
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it is possible that fluoroquinolones destroy the collagen and connective tissue along the aortic wall
causing aortic aneurysm and dissection.

Fluoroquinolones should not be used in patients at increased risk (those with ahistory of blockages or
aneurysmsof theaortaor other blood vessals, high blood pressure, certain genetic disordersthat involve
blood vessel changes, and the elderly) unlessthere are no other treatment optionsavailable. Clinicians
should continueto bevigilant for the appearance of aortic aneurysm and dissectionin high-risk patients
treated with fluoroquinolones

CONCLUSION:

Fluoroquinolonesarewidely usedin thetrestment of variousinfections. Becausetherisk of these serious
sdeeffectsgenerdly outwei ghsthe benefitsfor patientswith acute bacteria Sinusitis, acute exacerbation of
chronic bronchitisand uncomplicated urinary tract infections, fluoroquinol ones should bereserved for use
in patientswith these conditionswho have no alternative trestment options. For some serious bacterial
infections, including anthrax, plague and bacteria pneumoniaamong others, thebenefits of fluoroquinolones
outweightherisksandit isappropriatefor themto remain available asatherapeutic option. Henceit is
important to be aware of adverse effects of these drugs, which should be used for treatment only under
closesupervison.
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MATCH THE ADVERSE EFFECT WITH THE DRUG

Dr. Sharmada Nerlekar & Dr. Abhilasha Rashmi
Associate Professor, Department of Pharmacology, LTMMC, Son, Mumbai.

Sulfonamides
Fluroguinolones
Penicillin
Demeclocycline
Clindamycin
Linezolid
Methy! triotetrazole group
Daptomycin
Isoniazid
Cefoperazone
Eehinocandins
Didanosine
Chloroquine
Carbenicillin

Indinavir

A

Myopathy

Serotonin Syndrome

CCF

Seizures, Psychosis

Histamine release on rapid infusion
Requiresvit K prophylayis
Dose Dependant Pancreatitis
Nephrolithiasis
Pseudomembranous colitis
Retinopathy

Kernicterus

Disulfiram-like reaction
Jarisch-Herxheimer reaction
Nephrogenic diabetes insipidus

Can precipitate seizures with NSAIDs
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ALPHABET 'Y' and 'Z' PUZZLE

Dr. Abhilasha Rashmi & Dr. Sharmada Nerlekar
Associate Professor, Department of Pharmacology, LTMMC & GH, Son, Mumbai - 22.

17
2 Z
3 Z
4 Z
5 Y
6 Y
7 Y
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1.  Erythrocytic macrocytosisis seen in about 90% of patients who are on this antiretroviral drug, but is usually not
associated with anemia.

2. , FDA approved in December 2017, isanovel non-fluorinated topical quinoloneindicated for thetreatment
of impetigo.

3. Drowsiness, astheniaand dizziness may limit the use of this ?2 antiadrenergic drug which isused as an antispastic
agent.

4, , aderivative of Sisomicin, is FDA approved in 2018 for treatment complicated cases of UTI including
pyelonephritis.

5. Thisaminoglycoside should not be used parenterally asthereisadanger of toxic action on the eighth cranial nerve
and kidney.

6. Dose related nephrotoxicity & neurotoxicity are the major adverse reactions seen with Colistin which is also
known as

7.  This aminoglycoside is used for the treatment of acute acquired toxoplasmosis in early pregnancy to prevent
transmission to the fetus.
Thisantitubercular irreversible MAQ inhibitor drug is of very limited use because of its hepatotoxicity.
Acute encephal opathy and fatty degeneration of liver following an acuteviral illnessin children having ahistory of
aspirin is named after Dr .

10. The CNS stimulants Modafinil and Armodafinil are the first line agents for the treatment of this condition of

hypersomnia, including day time sleepiness.
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