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Sir,

Amikacin is commonly used in children in combination with
other agents as a last-resort treatment for severe infections caused
by multidrug-resistant Gram-negative bacteria. Amikacin is also
prescribed empirically in febrile neutropenia in children with can-
cer and in acute pulmonary exacerbations in cystic fibrosis patients
[1]. Over the past few years, however, amikacin has been increas-
ingly used to treat urinary tract infections (UTIs) in children caused
by Enterobacterales producing extended-spectrum p-lactamases
(ESBLs), given the low resistance rates to this agent among ESBL-
producing uropathogens worldwide [2-5]. Resistance to amikacin
in Enterobacterales can be caused by multiple mechanisms, in-
cluding 16S rRNA methyltransferases [6]. However, the most com-
mon cause is the aminoglycoside N-acetyltransferase AAC(6’)-Ib,
which acetylates amikacin, tobramycin, kanamycin and netilmicin
but spares gentamicin, while its bifunctional variant AAC(6’)-Ib-
cr also modifies ciprofloxacin and norfloxacin [7]. AAC(6')-Ib-cr
is frequently co-produced by CTX-M-type ESBL-producing isolates,
particularly CTX-M-15, conferring low-level resistance to amikacin
with minimum inhibitory concentrations (MICs) that do not exceed
susceptible breakpoints [7].

In this study, we assessed the amikacin MIC in CTX-M-type
ESBL-producing Enterobacterales harbouring aac(6’)-Ib or aac(6')-
Ib-cr genes recovered from urine specimens from children diag-
nosed with UTI between 2017-2019 at Hamad Medical Corporation
and Sidra Medicine, two tertiary-care academic institutions that
provide health care for the entire paediatric population in Qatar.
Amikacin MICs were determined by Etest, while the presence of
aac(6’)-Ib or aac(6’)-Ib-cr genes was determined by whole-genome
sequencing or Sanger sequencing (Supplementary methods).

A total of 123 isolates were studied, including 109 Escherichia
coli (88.6%) and 14 Klebsiella pneumoniae (11.3%). None of the
isolates co-existed in the same patient. All isolates except one
were susceptible to amikacin. The aac(6’)-Ib and the -cr variant
genes were detected in 69 isolates (56.1%), including 61/69 E. coli
(56.0%) and 8/14 K. pneumoniae (57.1%). Of these 69 isolates, 65
(94.2%) harboured the aac(6’)-Ib-cr gene. All isolates were sus-
ceptible to amikacin, except for one E. coli carrying aac(6’)-Ib-cr
that was intermediate. Moreover, 46 amikacin-susceptible isolates
(67.7%) harbouring aac(6’)-Ib or the -cr variant genes had MICs
for amikacin of >4 mg/L, including 27 isolates (39.1%) with MICs
of >8 mg/L. In contrast, 8 (14.8%) of 54 strains lacking aac(6’)-

https://doi.org/10.1016/j.jgar.2021.04.026

Ib and the -cr variant had amikacin MICs between 4-8 mg/L.
An interval-censored regression model fitted to amikacin MICs to
assess the difference between the groups (Fig. 1) showed that
the presence of aac(6’)-Ib and the -cr variant genes is associated
with an increase in the log,(MIC) of 1.11 (95% confidence interval
0.77-145; P = 1.3 x 107'9), which corresponds to >2-fold higher
MICs.

A ratio of the peak serum concentration (Cpey) divided
by the MIC for the target pathogen is the best pharmacoki-
netic/pharmacodynamics (PK/PD) parameter to predict bacterial
killing and to prevent the selection of resistance to aminoglyco-
sides. The desirable Cpe,/MIC ratio for amikacin to achieve ther-
apeutic success is >8 [1,8-10]. Knowledge of amikacin pharma-
codynamics in children beyond the neonatal period and without
cystic fibrosis or burns is scarce. However, limited studies per-
formed in children without cystic fibrosis or burns using doses
ranging from 15-30 mg/kg/day administered through once-daily or
multiple-daily regimens showed that a Cpe,/MIC ratio >8 was only
achieved in isolates with MIC < 4 mg/L. In fact, Cyeq/MIC > 8 was
not achieved in any of the isolates with an MIC > 8 mg/L owing
to the difficulty in attaining C,eq > 40 mg/L even with once-daily
dosing regimens to optimise maximum plasma concentrations [8-
10].

Although the vast majority of our isolates harbouring aac(6’)-Ib
and the -cr variant genes were susceptible to amikacin, they exhib-
ited an ~2-fold increase in amikacin MIC compared with isolates
lacking these genes. Therefore, if amikacin had been used, there
would have been a failure in achieving Cpe,/MIC > 8 in two-thirds
of isolates with MIC > 4 mg/L assuming hypothetical peak concen-
trations between 20 mg/L and 30 mg/L, and in almost one-half of
the isolates exhibiting MIC > 8 mg/L even with serum peak con-
centrations of 40 mg/L.

Several studies have reported favourable clinical outcomes and
high microbiological cure rates using once-daily amikacin (dosages
ranged from 15-25 mg/kg/day) to treat children with lower and
upper UTI caused by ESBL-producers with amikacin MIC < 4 mg/L
[4,5]. However, the community prevalence of AAC(6’)-Ib, in partic-
ular AAC(6’)-Ib-cr, is increasing worldwide, driven by the global
dissemination and dominance of CTX-M-15 [7]. Thus, there is
a trend towards an increased prevalence of amikacin-susceptible
ESBL-producers with MIC > 4 mg/L in the community that may
pose a therapeutic challenge for the use of this agent as a
carbapenem-sparing option in the treatment of children with UTI
caused by ESBL-producers.

Therefore, well-designed clinical trials considering serum PK/PD
parameters along with clinical and microbiological outcomes are
needed to determine the efficacy of once-daily amikacin in isolates
with MICs of 4-16 mg/L due to the production of AAC(6’)-Ib and
its —cr variant.
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Fig. 1. Box plot showing the distributions of the log, MICs for amikacin among isolates carrying and lacking aac(6’)-Ib and the -cr variant genes. MIC, minimum inhibitory

concentration.

Funding

This work was funded by Sidra Internal Research Funding Grant
[Project ID: SIRF_200040] to AP-L, and a Qatar University Grant
[No. QUUG-BRC-2017-2] to NOE.

Competing interests

None declared.

Ethical approval

This study was carried out under Protocol number: 180402214,
which was granted exempt status by the Institutional Review
Board of Sidra Medicine as it only involved pathology specimens.

43

[1]

[2

[3

[4

[5]

[6

References

Illamola SM, Sherwin CM, van Hasselt JGC. Clinical pharmacokinetics of
amikacin in pediatric patients: a comprehensive review of population phar-
macokinetic analyses. Clin Pharmacokinet 2018;57:1217-28.

Demir M, Kazanasmaz H. Uropathogens and antibiotic resistance in the com-
munity and hospital-induced urinary tract infected children. ] Glob Antimicrob
Resist 2020;20:68-73.

Vazouras K, Velali K, Tassiou I, Anastasiou-Katsiardani A, Athanasopoulou K,
Barbouni A, et al. Antibiotic treatment and antimicrobial resistance in children
with urinary tract infections. ] Glob Antimicrob Resist 2020;20:4-10.

Madhi F, Jung C, Timsit S, Levy C, Biscardi S, Lorrot M, et al. Febrile uri-
nary-tract infection due to extended-spectrum p-lactamase-producing Enter-
obacteriaceae in children: a French prospective multicenter study. PLoS One
2018;13:e0190910.

Meltem P, Soner SK. Once-daily intramuscular amikacin for outpatient
treatment of lower urinary tract infections caused by extended-spec-
trum B-lactamase-producing Escherichia coli in children. Infect Drug Resist
2017;10:393-9.

Doi Y, Wachino JI, Arakawa Y. Aminoglycoside resistance: the emergence of
acquired 16S ribosomal RNA methyltransferases. Infect Dis Clin North Am
2016;30:523-37.


http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0001
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0001
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0001
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0001
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0002
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0002
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0002
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0003
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0003
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0003
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0003
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0003
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0003
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0003
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0003
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0004
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0004
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0004
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0004
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0004
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0004
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0004
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0004
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0005
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0005
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0005
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0006
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0006
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0006
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0006

H.A. Mana, S. Sundararaju, N.O. Eltai et al.

[7] Fernandez-Martinez M, Mir6 E, Ortega A, Bou G, Gonzalez-Lépez J], Oliver A,
et al. Molecular identification of aminoglycoside-modifying enzymes in clini-
cal isolates of Escherichia coli resistant to amoxicillin/clavulanic acid isolated in
Spain. Int ] Antimicrob Agents 2015;46:157-63.

[8] Algahtani S, Abouelkheir M, Alsultani A, Elsharawy Y, Alkoraishi A, Reem O,
et al. Optimizing amikacin dosage in pediatrics based on population pharma-
cokinetic/pharmacodynamics modeling. Pediatr Drugs 2018;20:265-72.

[9] Yu T, Stockmann C, Healy DP, Olson ], Wead S, Neely AN, et al. Determination
of optimal amikacin dosing regimens for pediatric patients with burn wound
sepsis. ] Burn Care Res 2015;36:e244-52.

[10] Tréluyer JM, Merlé Y, Tonnelier S, Rey E, Pons G. Nonparametric population
pharmacokinetic analysis of amikacin in neonates, infants, and children. An-
timicrob Agents Chemother 2002;46:1381-7.

Hassan Al Mana'!
Biomedical Research Centre, Qatar University, Doha, Qatar
Division of Microbiology, Sidra Medicine, Doha, Qatar

Sathyavathi Sundararaju’
Division of Microbiology, Sidra Medicine, Doha, Qatar

44

Journal of Global Antimicrobial Resistance 26 (2021) 42-44

Nahla O. Eltai, Sara H. Al-Hadidi
Biomedical Research Centre, Qatar University, Doha, Qatar

Mohammad Rubayet Hasan, Patrick Tang, Andrés Pérez-Lopez*
Division of Microbiology, Sidra Medicine, Doha, Qatar
Weill Cornell Medical College in Qatar, Doha, Qatar

*Corresponding author. Mailing address: Assistant Professor of
Pathology and Laboratory Medicine, Weill Cornell Medical
College—Qatar, Senior Attending Physician Microbiology,
Department of Pathology and Laboratory Medicine, Sidra
Medicine, Level 2M, Office H2M-24093, P.O. Box 26999, Doha,
Qatar. Tel.: +974 4003 2908, +974 7479 9454.

E-mail address: aperezlopez@sidra.org (A. Pérez-Lépez)

1 These two authors contributed equally to this article.
Revised 13 April 2021


http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0007
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0008
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0009
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0010
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0010
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0010
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0010
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0010
http://refhub.elsevier.com/S2213-7165(21)00126-0/sbref0010
mailto:aperezlopez@sidra.org

	Low-level amikacin resistance induced by AAC(6&#x2032;)-Ib and AAC(6&#x2032;)-Ib-cr in extended-spectrum &#x03B2;-lactamase (ESBL)-producing Enterobacterales isolated from urine in children
	Funding
	Competing interests
	Ethical approval
	References


