
Amanda Goddard, MD

Pediatric Infectious Diseases



Brief overview antibiotic development and resistance

Review gram negative cephalosporin resistant community

acquired urinary tract infections

1

2

3 Discuss potentially avoidable and unavoidable selective 

pressures for bacterial antibiotic resistance



Toilet training, has regressed with urination

On exam possible lower abdominal tenderness 

Cephalexin prescribed

Urine culture sent 

Plan to check lab report when break from clinic

Not your primary patient so wonder if risk factors 

You have treated numerous MRSA skin infections but not extended spectrum beta-lactamase (ESBL) 

producing Enterobacterales (aka Enterobacteriaceae) UTIs, is this common in healthy outpatient children?



https://journals.asm.org/doi/10.1128/jcm.01888-19



1960 Methicillin

1967 Gentamicin
1950 Tetracycline

1953 Erythromycin
1928 Penicillin discovered

(on S. aureus plate)

1942 Cures S. aureus wound

1943 Widespread use

1984 Ceftriaxone

1985 Ceftazidime

Imipenem1996 Levofloxacin

2000 Linezolid

2003 Daptomycin

2010 Ceftaroline (peds 2016)

2014 Ceftolozone/tazobactam (peds 2022)

Dalbavancin (peds 2021)

Tedizolid (>12 yo 2020)

2015 Ceftazidime/avibactam (peds 2019)
1972 Vancomycin

1974 Amoxicillin

ESBLs first described in 1980s



Beta-lactam antibiotics

Beta-lactamase inhibitors

– Penicillins

– Cephalosporins

– Monobactams

– Carbapenems

– Bacterial enzymes that inactivate β-lactam 

antibiotics by hydrolysis

– First penicillinase identified E coli 1940

– Inhibitor-resistant β-lactamases

– Chromosome (AmpC), plasmid (ESBL), 

transposable elements

Beta-lactamases

– Clavulanic acid (only oral option, 1980s)

– Sulbactam

– Tazobactam

– Avibactam, Vaborbactam, Relebactam

Dr. Pottinger



Hydrolyze 3rd and 4th generation cephalosporins and monobactams

Gram-negative rods, most commonly E. coli, Klebsiella pneumoniae, K. oxytoca, P. mirabilis

CTX-M exploded in the 1990s and 2000s (first identified in a lab dog, then child in Munich 

(ceftriaxone, munich)

 -hospital and community settings, the environment, the food supply and livestock



Hospitalization, antibiotic prophylaxis, recent antibiotic, +/- travel

Increasing incidence antibiotic resistant UTIs in pediatrics even without above risks over decade

3rd gen cephalosporin resistance used to infer ESBL 

-British Columbia 12% of 294 UTIs resistant 3rd gen cephalosporin

-3 fold increase community acquired ESBL UTI 2015 to 2021 Alabama (tertiary referral hospital)

Limits treatment options

ESBL most common mechanism, often coupled with resistance other antibiotic classes 

(sulfonamides, aminoglycosides, fluoroquinolones)

Increased 90 day recurrence



Preschools Uppsala, Sweden

– Diapers collected, 58 preschools 2016

- >6-fold increase ESBL compared to 2010 

– 20% Cefotaxime resistant 

Enterobacteriaciae (67/334)

– 6 preschools ESBL carriage rate ≥40%

– 18 preschools no carriers

Daycare Centers Netherlands, Belgium

– 28 Dutch (499 children), 18 Belgian (448 

children) DCCs 

– ESBL-E prevalence higher Belgium (16%) 

– Antimicrobial use, hospitalizations less 

Netherlands

-Travel Asia previous 6 months associated 

with ESBL-E carriage but antibiotic use was 

not

Vertical transmission, Israel

– Surveillance NICU over 1 year 

– Mother rectal swab delivery room

– Infants NICU admit and twice weekly

– 478 infants, 409 mothers (313 screened)

– 21.4% mothers colonized, 14.8% infants

– 23 of 67 colonized mothers (34.3%) 

delivered 25 infants colonized with the 

same bacterial strain

– Colonized mother/infant more likely to be 

exposed to antibiotics during pregnancy 

and delivery than colonized

mothers with non-colonized infants

– 4 of 71 colonized infants LOS with ESBL, 

2 died



New Resistant Bacteria

Susceptible Bacteria

Some selective pressures
Agriculture

-growth promotion

-80% US antibiotic use

Clinicians and patients

-Patient satisfaction models

Health system administration

Payment and reimbursement models

Supply chain

COVID





https://www.cdc.gov/infectioncontrol/projectfirstline/

Preventing new health care associated infections

Stopping the spread of resistant organisms

Reducing the need for antibiotics



Prevent infections and spread

Antimicrobial prescribing

Be alert and take action

Outpatient, inpatient antibiotic stewardship (health system support)

Treatment guidelines

Appropriate diagnostic tests

Local antibiogram

Critical lab value calls

Maine CDC notifiable diseases and conditions list



https://www.cdc.gov/antibiotic-use/training/materials.html





Tamma 2011

Shorter antibiotic course for ventilator associated 

tracheitis was not associated with subsequent

development of pneumonia. Longer course was 

associated with increased MDRO colonization 

(38% vs 8%) .

2016 NEJM trail 5 days amoxicillin-clavulanate for otitis media in those 6-23 months of age associated with 

increased treatment failure (34% vs  16%). 10 days was not associated with nasopharyngeal colonization 

with penicillin resistant pathogens (Strep pneumo and H flu). N=520



France (FR) and Spain (ES)

Higher rate antibiotic resistance with higher consumption

Goossens 2005



Streptococcus pneumoniae resistance data delay

Streptococcus pyogenes

NorDx 2023 42% erythromycin



Primary Care, England

Patients were less satisfied in practices with frugal antibiotic prescribing

Patient surveys 2012 

-2.7 million questionnaires, 982 999 responses; response rate 36%

-Practice antibiotic prescribing volumes

Primary Care, California

50% parents previsit expectation antibiotics for URI

Age 2-10 yo, 287 encounters, 10 physicians

Pre and post visit surveys, visit audiotaped (transcribed and coded)

Higher satisfaction if contingency plan given when no prescription





https://www.cidrap.umn.edu/antimicrobial-stewardship/report-fragile-supply-chain-causing-antibiotic-shortages-resistance

https://www.gavi.org/vaccineswork/antibiotic-shortages-are-fueling-antimicrobial-resistance



PASTEUR (Pioneering Antimicrobial Subscriptions to End Upsurging Resistance) Act (introduced 4/2023)

-delink companies' profits from the volume of antibiotics sold





Tyson chicken in 2017 “No antibiotics ever”, 2023 “No antibiotics important to human medicine”
-Restarting use ionophores for coccidia protozoal parasite but a study has shown presence of resistance genes for 
the ionophore salinomycin was correlated with the presence of resistance genes for erythromycin, tetracycline, and 
ampicillin, which are designated as medically important antibiotics



Herbicides promotes antibiotic resistance in soil microbiomes

Great Britian higher antibiotic resistant bacteria rural vs urban



The Lancet Planetary Health 2023 7e649-e659 
Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC 

BY-NC-ND 4.0 license Terms and Conditions

http://www.elsevier.com/termsandconditions


Date of Download:  3/2/2024 Copyright © 2024 American Academy of Pediatrics. All rights reserved.

Changing Susceptibility of Staphylococcus aureus in a US Pediatric Population 

Pediatrics. 2016;137(4). doi:10.1542/peds.2015-3099

Percent of Staphylococcus aureus isolates susceptible to oxacillin by US region, 2005–2014



>100,000 CFU/mL gram negative rod. Testing indicates that this isolate produces and extended 

spectrum beta lactamase. This organism is resistant to all penicillins, cephalosporins and aztreonam.
Escherichia coli **ESBL Producer**

Amikacin Sensitive <=8 mcg/mL

Ampicillin Resistant >16 mcg/mL

Ampicillin/sulbactam Sensitive 8/4 mcg/mL

Aztreonam Resistant

Cefazolin Resistant >16 mcg/mL

Cefepime Resistant

Ceftazidime Resistant

Ceftriaxone Resistant >32 mcg/mL

Ertapenem Sensitive <=0.25 mcg/mL

Gentamicin Sensitive <=2 mcg/mL

Meropenem Sensitive <=0.5 mcg/mL

Nitrofurantoin Sensitive <=16 mcg/mL

Piperacill+Tazobactam Sensitive <=2/4 mcg/mL

Tetracycline Sensitive <=2 mcg/mL

Tobramycin Sensitive <=2 mcg/mL

Trimethoprim + Sulfamethoxazole Sensitive <=0.5/9.5 mcg/mL

Change cephalexin to ……..?



>100,000 CFU/mL gram negative rod. Testing indicates that this isolate produces and extended 

spectrum beta lactamase. This organism is resistant to all penicillins, cephalosporins and aztreonam.
Escherichia coli **ESBL Producer**

Amikacin Sensitive <=8 mcg/mL

Ampicillin Resistant >16 mcg/mL

Ampicillin/sulbactam Resistant >16/8 mcg/mL

Aztreonam Resistant

Cefazolin Resistant >16 mcg/mL

Cefepime Resistant

Ceftazidime Resistant

Ceftriaxone Resistant 32 mcg/mL

Ciprofloxacin Resistant >2 mcg/mL

Ertapenem Sensitive <=0.25 mcg/mL

Gentamicin Sensitive <=2 mcg/mL

Meropenem Sensitive <=0.5 mcg/mL

Nitrofurantoin Sensitive <=16 mcg/mL

Piperacill+Tazobactam Sensitive 16/4 mcg/mL

Tetracycline Resistant >8 mcg/mL

Tobramycin Resistant >8 mcg/mL

Trimethoprim + Sulfamethoxazole Resistant >2/38 mcg/mL

What to start as does not want longer course nitrofurantoin?



Urine culture outside hospital >100,000 CFU/mL ESBL E coli 
Susceptible: ciprofloxacin, nitrofurantoin, amikacin, zosyn, ertapenem, levofloxacin, meropenem, tetracycline, cefoxitin, 
tobramycin

Prescribed nitrofurantoin but could not get liquid for 3 days so sent to outside ED. UA and urine culture requested
but was after 2 doses meropenem (initial urine culture into hat, no UA)

Admission UA (3 days post initial presentation) negative nitrite/leuks +ketones. Fever, diarrhea improved, vomiting resolved 
prior to antibiotic. Entire household had less than 24 hours vomiting +/- diarrhea. 

Treatment?

UA positive leuk, negative nitrite
Started Bactrim
UCX ESBL E coli resistant to Bactrim, levofloxacin (still symptomatic)
Started meropenem, discharged with ertapenem via midline to complete 10 days 
CVA tenderness improving time of discharge (CRP 137.5 mg/L to 59.2)

Seeing increased community acquired ESBL UTIs, do we need to alter empiric therapy?



β-



ONE HEALTH



Antibiotic Use | CDC

https://www.cdc.gov/antibiotic-use/index.html

EQIPP: Antibiotic Decision Making | shopAAP

https://www.aap.org/EQIPP-Antibiotic-Decision-Making

Pediatric ASP Toolkit – Pediatric Infectious Diseases Society (pids.org)

https://pids.org/pediatric-asp-toolkit/

IDSA 2023 Guidance on the Treatment of Antimicrobial Resistant Gram-Negative Infections (idsociety.org)

https://www.idsociety.org/practice-guideline/amr-guidance/

Be An Antibiotics Whiz | Antibiotic Use | CDC

https://www.cdc.gov/antibiotic-use/quiz.html

https://www.cdc.gov/antibiotic-use/index.html
https://www.aap.org/EQIPP-Antibiotic-Decision-Making
https://pids.org/pediatric-asp-toolkit/
https://www.idsociety.org/practice-guideline/amr-guidance/
https://www.cdc.gov/antibiotic-use/quiz.html
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