Antibiotics and What They Treat
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By the end of this presentation, participants will be able to—

* Describe the spectrum of activity of commonly prescribed antibiotics
used in children and adults in the telemedicine setting’

« Describe common antibiotic-associated adverse events in children and
adults

« Describe common indications for oral antibiotics in children and adults
in the telemedicine setting
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« Gram-positive and gram-negative bacteria have cell walls made of peptidoglycans
o Penicillin binding proteins (PBPs) cross-link peptidoglycans
o Beta-lactams inhibit activity of PBPs

o Mycoplasma pneumoniae, Chlamydia pneumoniae, and Legionella
pneumophila do not have a cell wall and are not inhibited by beta-lactams

« Bacteria inhibits beta-lactam antibiotics by limiting their entry, actively pumping them
out, altering PBPs, and producing inactivating enzymes

« Common adverse events
o Rashes
o Diarrhea
o Cytopenias
o Seizures
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« Penicillin VK (oral), penicillin G Spectrum of Activity
benzathine (IM), penicillin G Gram-positive | Streptococcus pyogenes
aqueous (1V) (group A Streptococcus),

* Oral formulation: short half-life Streptococcus
requiring frequent administration, agalactiae (group B
imited absorption Slreplococeus),

L Streptococcus

. _r;tramuscular formulation: long half- pneumoniae
e Gram- Neisseria meningitidis

negative

° Commf)r] QUtPatient indications of Spirochetes | Treponema pallidum
IM penicillin (syphilis)

o Early and late syphilis
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 [-lactamase production can cause

resistance in gram-negative organisms Spectrum of Activity
« Not appropriate empiric therapy for Gram- Streptococcus pyogenes
urinary tract infections (UTlIs) positive (group A Streptococcus),
Streptococcus agalactiae
« Common outpatient indications (group B Streptococcus),
o Group A Streptococcus pharyngitis Streptococcus pneumoniae,
o Group A Streptococcus skin and soft Enterococcus faecalis,
tissue infection (culture confirmed) Listeria monocytogenes
o Community-acquired pneumonia Gram- Haemophilus influenzae,
o Acute otitis media negative enteric gram-negatives (e.g.,

o UTls (antibiotic susceptibilities
confirmed)
o Lyme disease

Escherichia coli)

Spirochetes | Borrelia burgdorferi (Lyme
disease)
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«  Commonly referred to as Augmentin®

° . I 0o/ \9
Notable adverse events: diarrhea (20%) Spectrum of Activity

+  Common outpatient indications Gram- | (All the gram-positives
. Sinusitis positive | covered by amoxicillin)
o Community-acquired pneumonia as well as MSSA
o Moderate chronic obstructive pulmonary Gram- | Haemophilus
disease .e.xacerb.atlc.)n negative | influenzae, Moraxella
o Acute otitis media (if recent use of catarrhalis, enteric
amoxicillin) gram-negatives (e.g.,
o Moderate diverticulitis Escherichia coli)

o Skin infections from animal bites
o Urinary tract infections (if antibiotic
susceptibilities confirmed)
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« Cephalexin (Keflex®), and cefadroxil
(Duricef®)

« Cross-allergenicity between penicillin
and cephalosporins <5%

« Common outpatient indications

o Skin and soft tissue infections
(when MRSA unlikely)

o UTls
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Spectrum of Activity

Gram-

positive pyogenes (group A

MSSA, Streptococcus

Streptococcus),
Streptococcus agalactiae
(group B Streptococcus)

Gram-

negative negatives (e.qg.,

Some enteric gram-

Escherichia coll,
Klebsiella pneumoniae)
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« Second-generation cephalosporin
Spectrum of Activity

- Common outpatient indications Gram- Streptococcus pyogenes
o Sinusitis (penicillin allergy) positives (group A Streptococcus),

. : : Streptococcus
o Community-acquired pneumonia .
agalactiae (group B

(penicillin allergy) Streptococcus),

o Moderate chronic obstructive Streptococcus
pulmonary disease exacerbation pneumoniae

o Acute otitis media (if severe MSSA
penicillin allergy) Gram- Haemophilus influenzae,

negatives | Moraxella catarrhalis

AHRQ Safety Program for Telemedicine: Improving Antibiotic Use —




 |M ceftriaxone and several oral antibiotics

. _ Spectrum of Activity
o Examples: cefdinir (Omnicef®),

_ o . Gram- Streptococcus pyogenes
cefpodoxime (Vantin®), cefixime positives (group A Streptococcus),
(Suprax®) Streptococcus agalactiae

« Ceftriaxone preferred for gonococcal (group B Streptococcus),
infections; resistance is a concern Streptococcus pneumoniae
Gram- Haemophilus influenzae,
negatives Moraxella catarrhalis,

« Common outpatient indications
o IM ceftriaxone: gonorrhea

o Oral thlrd-ge.neratloh cephalosporins: Spirochetes | Borrelia burgdorferi (Lyme
UTls, bacterial respiratory tract disease)

infections
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Neisseria gonorrhoeae,
gram-negative enterics




« Calcium, magnesium, iron salts reduce
absorption

* Notable adverse events (all up to 10%)
Clostridioides difficile infections

@)

@)

QTc prolongation (generally in patients
with underlying arrythmias)

Tendinopathy

CNS toxicities (dizziness, confusion,
hallucinations)

« Common outpatient indications

@)

@)

Ciprofloxacin: UTls

Levofloxacin, moxifloxacin: bacterial
respiratory tract infections

Delafloxacin: skin and soft tissue
infections, bacterial respiratory tract
infections
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Spectrum of Activity

Ciprofloxacin

Gram-negative enteric organisms,
Pseudomonas aeruginosa,
Haemophilus influenzae

Levofloxacin

Gram-negative enteric organisms,
P. aeruginosa, H. influenzae,
Streptococcus pneumoniae,
atypical bacteria

Moxifloxacin

Gram-negative enteric organisms,
Haemophilus influenzae,
Streptococcus pneumoniae,
atypical bacteria, moderate activity
against intestinal anaerobes

Delafloxacin

Gram-negative enteric organisms,
H. influenzae, MRSA, MSSA, S.
pheumoniae

g




Calcium, magnesium, iron salts reduce
absorption

Poor urinary excretion
Notable adverse events (all up to 10%)
o Gastrointestinal upset
o Photosensitivity
o Increased intracranial pressure
o Pill esophagitis
Safe to administer in children for < 21 days
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Spectrum of Activity

Gram-positive

MSSA, MRSA, Streptococcus
pyogenes (group A
Streptococcus), Streptococcus
pheumoniae

Gram-negative

Haemophilus influenzae, some
enteric gram-negatives (e.g.,
Escherichia coli, Klebsiella
pheumoniae)

Others

Mycoplasma pneumoniae,
Chlamydia pneumoniae,
Legionella pneumophila, Borrelia
burgdorferi (Lyme disease),
rickettsia (Rocky Mountain spotted
fever, ehrlichiosis), Plasmodium
species (malaria), Chlamydia
trachomatis (chlamydia)
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« Common outpatient
indications

©)

Skin and soft tissue
infections

Osteoarticular infections

Bacterial respiratory tract
infections

Tick-borne illnesses
Malaria prophylaxis
Chlamydia

Spectrum of Activity

Gram- MSSA, MRSA, Streptococcus pyogenes

positive (group A Streptococcus), Streptococcus
pheumoniae

Gram- Haemophilus influenzae, some enteric gram-

negative negatives (e.g., Escherichia coli, Klebsiella
pneumoniae)

Others Mycoplasma pneumoniae, Chlamydia

pneumoniae, Legionella pneumophila,
Borrelia burgdorferi (Lyme disease), rickettsia
(Rocky Mountain spotted fever, ehrlichiosis),
Plasmodium species (malaria), Chlamydia
trachomatis (chlamydia)
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« Clindamycin-resistant streptococcal and
staphylococcal species increasing

o Active against ~60% of MRSA isolates Spectrum of Activity
o Active against ~80% of Group A Gram- MSSA, MRSA,
streptococcal isolates positives Streptococcus
- Notable adverse events g{;’egetgggc(gg;p A
- C. difficile infection P
. . . Anaerobes Oral anaerobes
o (Gastrointestinal distress

« Common outpatient indications

o Skin and soft tissue infections (if high
suspicion for MRSA)
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« Newer data indicate TMP-SMX (Bactrim®,
Septra®) against >95% of S. pyogenes

isolates .
Spectrum of Activity

* Notable adverse events (all up to 10%)
> Hypersensitivity reactions MSSA, MRSA, Streptococcus
o Bone marrow suppression pyogenes (group A
Acute kidnev in; Streptococcus), gram-negative
° 0 u <al y jury enterics, Stenotrophomonas
o Hyperkaiemia maltophilia, Pneumocystis
L Jirovecii, Toxoplasma gondii,
« Common OUtpatlent indications Listeria monocytogenes’
o Skin and soft tissue infections Nocardia Species
o UTls
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« Brand name Zyvox®
* Broad gram-positive coverage
* Notable adverse events (more commonly Spectrum of Activity

with >2 weeks of therapy) MSSA, MRSA, Streptococcus
o Myelosuppression (most commonly spp., Enterococcus spp.,

thrombocytopenia) Norcardia, Mycobacteria spp.
o Optic and peripheral neuropathy

o Serotonin syndrome
o Lactic acidosis

« Common outpatient indications
o Skin and soft tissue infections
o UTls due to vancomycin-resistant

Enterococcus
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* Long half life

o A 5-day “Z-pack” lasts in the body about Spectrum of Activity

10 days ;
Mycoplasma pneumoniae,

* Notable adverse events (both <1%) Chlamydia pneumoniae,

o QTc prolongation (generally in patients Legionella pneumophila,

Haemophilus influenzae,
_ _ Streptococcus pneumoniae
o Liver dysfunction (~70%), Chlamydia trachomatis,

atypical Mycobacteria

with underlying arrythmias)

« Common outpatient indications
o Mild bacterial respiratory tract infections

o Chlamydia (if unable to take
doxycycline)

o Travelers’ diarrhea
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« Common brand names: Macrobid®

(tV\{iCG daily), Macrodantin® (four times Spectrum of Activity
daily) Escherichia coli and other enteric
- Notable adverse events (both <1%) gram-negatives (not Pseudomonas
o Acute pneumonitis aeruginosa), Staphylococcus

saprophyticus (cause of UTIs)

o Chronic pulmonary fibrosis
« Avoid if significant renal dysfunction
* Avoid for pyelonephritis

« Common outpatient indication
o Uncomplicated cystitis
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« Brand name Monurol®
Available as a powder that is added

to water — :
Escherichia coli and
Notable adverse events Enterococcus faecalis

o Diarrhea (10%)
Generally avoid for pyelonephritis

Spectrum of Activity

Common outpatient indication
o Uncomplicated cystitis
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* Belongs to a novel antibiotic class (i.e.,
a triazaacenaphthylene) that inhibits Spectrum of Activity

bacterial DNA replication Escherichia coli, Klebsiella
pneumoniae, Citrobacter freundii

 Notable adverse events
_ _ complex, Staphylococcus
@) Nausea and dlarrhea N <5% Of Saprophyticus (Cause Of UTIS),
patients Enterococcus faecalis, and

Neisseria gonorrhoea

« Common outpatient indication

o FDA-approved 2025 for treatment
of uncomplicated UTIs (i.e., cystitis)

o FDA-approved for gonorrhea for
patients with limited or no
alternative treatment options
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« Semi-synthetic penicillin derivative

« Extensive safety data in pregnant
women

 Notable adverse events

o Nausea and diarrhea in <5% of
patients

« Common outpatient indication

o FDA-approved in 2025 for treatment
of uncomplicated UTIs (i.e., cystitis)

o Expected activity against ESBL-
producing E. coli UTls
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Spectrum of Activity

Escherichia coli, Proteus
mirabilis, and Staphylococcus
saprophyticus

g



* Antibiotic belonging to a novel class (i.e., N
thiopenem) that is coformulated with Spectrum of Activity
probenecid Escherichia coli, Klebsiella

pneumoniae, Proteus
mirabilis, Citrobacter spp.,

 Notable adverse events

o Nausea and diarrhea in <10% of Enterobacter cloacae
patients complex, Providencia species,
_ S Staphylococcus
« Common outpatient indication saprophyticus, and
o FDA approved 2024 for treatment of Streptococcus agalactiae
uncomplicated urinary tract infections
(i.e., cystitis)
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* Broad anaerobic coverage
« Notable adverse events36-37

o Nausea, vomiting, diarrhea,
metallic taste

o Reversible peripheral neuropathy,
confusion, seizures (1% for
courses ~1 week; 18% for courses
>4 weeks)

 |Interactions

o Disulfiram-like reaction with
alcohol consumption

o Inhibits warfarin metabolism
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Spectrum of Activity

Gram-positive

Clostridium species

anaerobes

Gram-negative Bacteroides species,

anaerobes Fusobacterium
species

Others Trichomonas

vaginalis, Entamoeba
histolytica, Giardia
lamblia, Helicobacter

pylori

g




- Common outpatient indications of Spectrum of Activity
metronidazole Gram-positive Clostridium species

o Mild—moderate Clostridioides anaerobes
difficile infection Gram-negative Bacteroides species,

o Component of peptic ulcer anaerobes Fusobacterium
disease treatment Species

o Giardia diarrhea Others Trichomonas

o Trichomonas sexually transmitted V?g'nal'.s’ Ent_amc_)eb a
Nfecti histolytica, Giardia
intection lamblia, Helicobacter

pylori
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v Up to 40 percent of patients seen via telemedicine receive antibiotics

v Although antibiotics are necessary for many bacterial infections, all
antibiotics also have associated harm

v It’'s important to understand the spectrum of activity, common antibiotic-
associated adverse events, and common indications for oral antibiotics
In the telemedicine setting
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« The findings and recommendations in this presentation are those of the authors,
who are responsible for its content, and do not necessarily represent the views of
AHRQ. No statement in this presentation should be construed as an official position
of AHRQ or of the U.S. Department of Health and Human Services.

« Participants have an implied responsibility to use the newly acquired information to
enhance patient outcomes and their own professional development. The information
presented in this activity is not meant to serve as a guideline for patient
management. Any procedures, medications, or other courses of diagnosis or
treatment discussed or suggested in this activity should not be used by clinicians
without evaluation of their patient's conditions and possible contraindications and/or
dangers in use, review of any applicable manufacturer's product information, and
comparison with recommendations of other authorities.
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