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Azidothymidine Antibiotic Resistance



Zidovudine (AZT)

• A synthetic pyrimidine (thymidine) analogue

• AZT is converted to its triphosphate form by cellular

thymidine kinase. It binds preferentially to HIV – reverse

transcriptase resulting in chain termination.

• It is a potent inhibitor of HIV replication

• Used to treat patients with advanced HIV disease, with

AIDS-related complex and with CD4 counts less than

500/mm3

• Has potent bactericidal activity against E. coli,

Salmonella typhimurium, Klebsiella pneumoniae,

Shigella flexneri, Enterobacter aerogenes and vibrios.



• Side effects: Anaemia, neutropenia, leucopenia, increase

in mean corpuscular volume, nausea, vomiting,

headache, rash, abdominal pain, anorexia, fever,

insomnia, malaise, nail, skin and oral mucosal

pigmentation, diarrhoea, dizziness, sweating, dyspepsia,

bad taste, chest pain, confusion, loss of mental activity,

anxiety, depression

• Resistance: Associated with a sequential accumulation

of mutations (at amino acids 41, 67, 70, 215, 219) in the

HIV pol gene encoding reverse transcriptase









MDR & XDR



• Multidrug resistance (MDR) is defined

as insensitivity or resistance of a microorganism to

the administered antimicrobial medicines (which are

structurally unrelated and have different molecular

targets) despite earlier sensitivity to it.

• According to WHO, these resistant

microorganisms (like bacteria, fungi, viruses, and

parasites) are able to combat attack by antimicrobial

drugs, which leads to ineffective treatment resulting

in persistence and spreading of infections.



• Although the development of MDR is a natural

phenomenon, extensive rise in the number

of immuno -compromised conditions, like HIV

infection, diabetic patients, individuals who have

undergone organ transplantation, and severe

burn patients, makes the body an easy target for

hospital acquired infectious diseases, thereby

contributing to further spread of MDR.







• Primary Resistance:

It occurs when the organism has never encountered the
drug of interest in a particular host.

• Secondary Resistance: Also known as “acquired
resistance.” This term is used to describe the resistance
that only arises in an organism after an exposure to the
drug.

• It may further be classified as follows -
(i) Intrinsic resistance: it refers to the insensitivity of
all microorganisms of a single species to certain
common first-line drugs, which are used to treat
diseases based on the clinical evidence of the patient.



• It is also known as multidrug resistance (MDR), for
example, Mycobacterium tuberculosis to rifampicin
and isoniazid or Candida spp. to fluconazole.

• (ii) Extensive resistance: it defines the ability of
organisms to withstand the inhibitory effects of at
least one or two most effective antimicrobial drugs.

• Also termed as XDR, this seemed to arise in
patients after they have undergone a treatment
with first line drugs, for example, XDR-TB
resistance against fluoroquinolone



• Clinical Resistance:

In addition to the above-mentioned types,

clinical resistance is defined by the situation in

which the infecting organism is inhibited by a

concentration of an antimicrobial agent that is

associated with a high likelihood of therapeutic

failure or reappearance of infections within an

organism due to impaired host immune function.

In other words, the pathogen is inhibited by an

antimicrobial concentration that is higher than

could be safely achieved with normal dosing



Mechanisms

1. Cell wall, in both bacteria and fungi, plays a crucial role

in their survival. As discussed above, drugs inhibit the

cell wall synthesis by binding with the peptidoglycan

layer in bacteria or affecting ergosterol synthesis (e.g.,

polyenes) in fungi, thus, blocking the cell growth and

division. These organisms undergo certain

chromosomal mutations or exchange of

extrachromosomal DNA elements through conjugation

or transformation (horizontal gene transfer) such as in

K. pneumoniae, which can cause alteration in the cell

membrane composition (e.g., a reduction in the

ergosterol content in fungal plasma membrane)

resulting in decreased permeability and uptake of drugs

into the cell.



2. Altered membrane composition (such as 𝛽-1,3-glucan

and lipid content in fungal cell membrane) also leads to

lack of active target sites for the drugs (e.g.,

echinocandins in fungi) to bind.

3. Mutations in the genes encoding for the target cause

modifications at the molecular level and retain cellular

function by reducing susceptibility to inhibition.

4. Another mechanism of MDR was found to be an

overexpression of drug target enzymes leading to target

bypass due to modification in certain metabolic pathways

(e.g., azoles and allylamines in fungi), which causes

production of alternate target molecules and interference

in some protein synthesis. This can influence the access

of drugs to the target sites.



5.Inactivation or enzymatic degradation of

antimicrobials by hydrolysis of ester or amide

bonds (such as resistance to 𝛽-lactams due to

𝛽-lactamases, etc.) and chemical transformation

of these compounds by acetylation,

phosphorylation, adenylation, glycosylation, and

hydroxylation have also become increasingly

apparent as causes of MDR.

6.The resistant strains of clinical isolates of

different microorganisms have developed the

ability to oxidize or reduce the antimicrobial

compounds to prevent their interaction with

the respective target.



7. Antiviral drugs usually target viral DNA polymerase
having the reverse transcriptase activity to inhibit the
viral replication. Drug resistant mutant strains
undergo mutations in the reverse transcriptase
domains of the polymerase gene which affects the
interaction between the drug and the enzyme.

8. Resistance to the inhibitory effects of drug on the
enzyme can also emerge due to any conformational
changes or altered binding of substrate to the
viral polymerase.



9. MDR mediated by drug efflux pumps remains the
predominant mechanism of MDR. The
overexpression of genes encoding for ATP-binding
cassette (ABC) transporter membrane proteins (e.g.,
P-glycoprotein (Pgp)), also known as the multidrug
efflux pumps which are responsible for the export or
expulsion of drugs out of the cell, usually generates
MDR and continues cellular functions without any
interference.

10. Overexpression of P-glycoprotein, in Entamoeba
spp. and Leishmania spp. membrane or multidrug
resistant proteins (MRP), affects the fluidity and
permeability, leading to an ATP-dependent efflux of
the antimicrobials and decreasing their intracellular
concentration































Methicillin-resistant Staphylococcus aureus 

(MRSA)









• Methicillin-resistant Staphylococcus aureus

(MRSA) strains or multidrug-resistant S. aureus,

initially described in 1960s, emerged in the last

decade as a cause of nosocomial infections

responsible for rapidly progressive, potential

fatal diseases including life-threatening

pneumonia, necrotizing fasciitis, endocarditis,

osteomyelitis, severe sepsis, and toxinoses such

as toxic shock syndrome.



• A multifactorial range of independent risk factors
for MRSA has been reported in literature and
include immunosuppression, hemodialysis,
peripheral malperfusion, advanced age,
extended in-hospital stays, residency in long-
term care facilities (LTCFs), inadequacy of
antimicrobial therapy, indwelling devices, insulin-
requiring diabetes, and decubitus ulcers, among
others



• Evolution of methicillin resistance by S.
aureus has been traced to the acquisition of
the exogenous gene (mecA) which is part of
the staphylococcal cassette chromosome
mec (SCCmec) (types I–VII) and is under the
control of MecI (a repressor) and MecR1 (a
transducer) and, when present, the
regulatory/signalling proteins of the blaZ
system



• The mecA gene codes for additional penicillin-

binding protein (PBP2a), a peptidoglycan

transpeptidase, can confer resistance to all β-

lactam antibiotics (penicillins, cephalosporins,

and carbapenems). Other isolates containing a

particular variant of SCCmec types II and III

have expanded range of resistance due to the

presence of additional resistance genes. The

presence of PBP2a, or mecA positivity, can be

typed using methicillin or oxacillin (isoxazolyl

penicillin), hence the acronym MRSA- or

oxacillin-resistant S. aureus (ORSA)





















































NDM – 1 Antibiotic Resistance



• NDM-1 stands for New Delhi metallo-ß-
lactamase-1

• NDM-1 refers to a gene product present in some
bacteria that counters antibiotics. If bacteria
expressing this gene start to spread, treatment
using currently available measure will not be
possible

• The NDM-1 protein product itself does not cause
disease, but it has the potential to change the
characteristics of bacteria

• The NDM-1-expressing superbug is a potentially
dangerous bacterium that could become
resistant to many types of antibiotic, spreading
quickly



• The gene makes bacteria resistant to antibiotics.

In this way, it can lead to a range of conditions,

such as a urinary tract, bloodstream, or wound

infections and pneumonia

• Carbapenems are among the most powerful

antibiotics. Healthcare professionals use them

as a last resort for many bacterial infections,

such as those that E. coli and Klebsiella

pneumoniae cause

• The NDM-1 gene allows the bacterium to

produce an enzyme that neutralizes the activity

of these antibiotics

https://www.medicalnewstoday.com/articles/151632.php


• The Centers for Disease Control and Prevention

(CDC) have classified NDM-1 and another

similar protein called KPC as emerging issues in

the field of infectious diseases

• The NDM-1 protein is different from the protein

product that characterizes methicillin-resistant

Staphylococcus aureus (MRSA), another

superbug

• MRSA are a Gram-positive bacteria, while the

bacteria that carry NDM-1 are Gram-negative, a

different classification of bacteria

http://wwwnc.cdc.gov/eid/article/21/6/14-1504_article
https://www.medicalnewstoday.com/articles/10634.php


• The NDM-1 gene causes bacteria to produce an

enzyme called a carbapenemase.

Carbapenemase renders many preferred types

of antibiotic ineffective, including carbapenems

• Carbapenem antibiotics are extremely powerful

drugs that can counter the activity of highly

resistant bacteria for which other antibiotics have

not been effective. Even carbepenems are

ineffective in cases of NDM-1

• The plasmid containing the genetic code for

NDM-1 can move from one strain of bacteria to

another through a process known as horizontal

gene transfer (HGT)



• A bacterium with a plasmid containing the NDM-
1 protein product has the potential to be
resistant to many current antibiotics, as well as
newer antibiotics that could become available in
the near future

• If NDM-1 jumps to a bacterium that is already
antibiotic-resistant, dangerous infections could
emerge. These would spread rapidly between
people and might not be treatable

• NDM-1 efficiently hydrolyses a broad range
of 𝛽-lactams including penicillins,
cephalosporins, and carbapenems, just sparing
monobactams such as aztreonam



• Systematic association with other antibiotic

resistance determinants is observed in almost all

NDM producers (Enterobacteriaceae,

Acinetobacter, and Pseudomonas)

• Those associated resistance determinants are

AmpC cephalosporinases, clavulanic acid

inhibited expanded-spectrum 𝛽-lactamases

(ESBLs), other types of carbapenemases (OXA-

48-, VIM-, and KPC-types), and resistance to

aminoglycosides (16S RNA methylases), to

quinolones (Qnr), to macrolides (esterases), to

rifampicin (rifampicin-modifying enzymes), to

chloramphenicol, and to sulfamethoxazole



• Bacteria expressing NDM-1 have surfaced in

countries around the world, including the United

States, Japan, Australia, and the United Kingdom,

in patients who spent time in India, travelled

through it, or have family members there

• Some people carried the infection home after

travelling to India or Pakistan for cosmetic surgery

• Since therapeutical options are limited to very few

antibiotics such as colistin, tigecycline, and

fosfomycin, hospital- and community acquired

infections caused by NDM-1 producers are difficult

to eradicate

http://timesofindia.indiatimes.com/home/science/New-Delhi-superbug-spreads-to-70-countries-across-the-world/articleshow/48998960.cms


• Since NDM producers were mainly described in

Enterobacteriaceae, infections caused by NDM

producers include urinary tract infections,

peritonitis, septicemia, pulmonary infections, soft

tissue infections, and device-associated

infections

• Protective measures available at present–

1. Surveillance

2. quickly identifying and isolating patients with

the bacteria

3. disinfecting hospital equipment following hand-

hygiene procedures in hospitals



• Similar to the other MBLs, the active site of

NDM-1 contains two metal ion binding sites: the

His and Cys sites.

• Accordingly, a 3D-structure modelling of the

NDM-1 enzyme showed that two zinc ions were

present at both the His and Cys sites with a

distance of 4.20 A

• Indeed, the hydrolysis activity of MBLs depends

on the interaction of the 𝛽-lactam molecule with

Zn2+ ion(s) in their active site.

• Consequently, their activity is inhibited by

chelators of divalent cations, such as EDTA.



• Accordingly, the efficacy of EDTA (Ca-EDTA)

has been evaluated in a mouse model of sepsis

caused by an NDM-1-producing Escherichia

coli.

• It has been shown that a combination therapy

using imipenem/ cilastatin sodium (IPM/CS) and

Ca-EDTA reduced the bacterial inoculum,

as compared to IPM/CS alone suggesting the

possibility to use Ca-EDTA in clinical

therapeutics
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