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I. Materials and Methods 

a. Fecal Metagenomic Library Construction and Antibiotic Screening 

All fecal samples used in this study were collected with informed consent for the St. Louis 
Neonatal Microbiome Initiative (P.I. Dr. Barbara Warner). This study and the St. Louis Neonatal 
Microbiome Initiative were approved by Washington University’s Institutional Review Board 
(IRB# 201205152 and 201105492, respectively).  Demographics and clinical metadata were 
securely stored in a RedCap(1) database. Metagenomic DNA (mgDNA) was extracted from 
frozen fecal samples as previously described(2).  MgDNA was sheared using the Covaris M220 
(Shearing conditions as follows: 2-20ug metagenomic DNA were diluted to a volume of 200uL 
in Buffer EB. Settings were: duty cycle 20%, intensity 0.1, cycles per burst 1,000, and total 
treatment time 600s).  Metagenomic libraries were prepared as previously described(3, 4): 
sheared DNA fragments 2-5kb in size were selected by gel electrophoresis in a 1% low-melting 
point agarose gel in 0.5X Tris-Borate-EDTA buffer stained with GelGreen dye (Biotium). The 
fragments were purified using a QIAquick Gel Extraction kit (Qiagen), and end-repaired with the 
END-It DNA End Repair Kit (Epicentre). End-repaired fragments were purified with the 
QIAquick PCR purification kit (Qiagen), quantitated with the Qbit HS fluorometer (Invitrogen), 
and ligated with the Fast Link Ligation kit (Epicentre) at the HincII site to a pZE21 plasmid 
vector that was linearized by PCR amplification as previously described(4). Ligation reactions 
were dialyzed with a cellulose membrane (Millipore VSWP09025) and electroporated into E. 
coli MegaX DH10B T1R (Invitrogen) to create metagenomic libraries. These metagenomic 
libraries were amplified in Luria-Bertani broth and library titers determined by serial dilution as 
previously described(3).  Amplified libraries were screened on Mueller-Hinton agar plates with 
kanamycin (50ug/mL) and one of 18 antibiotics representing 8 drug classes (Table S2). For each 
screening plate, the concentration of the library was adjusted such that the number of clones 



plated was equal to 10x the number of unique clones in the library. For each selection condition, 
a control organism (MegaX DH10B T1R transformed with unmodified pZE21) was also 
screened to confirm susceptibility of the unmodified host organism.  

b. Illumina library preparation 

Metagenomic inserts from antibiotic-resistant clones were prepared for Illumina sequencing 
exactly as previously described(4). Colonies that grew on antibiotic screening plates were 
scraped into a slurry with a solution of 15% glycerol in Luria-Bertani broth and frozen at -80C 
prior to further processing. Aliquots of plate-scrape slurries underwent cell lysis via 
centrifugation and freeze-thaw, insoluble solids were pelleted via centrifugation, and the 
supernatant was used as a template for PCR amplification of functionally-selected resistance-
conferring DNA fragments(4) using Taq polymerase (New England Biolabs) and a custom mix 
of primers designed to complement DNA flanking the HincII insertion site (primer F1, 5!-
CCGAATTCATTAAAGAGGAGAAAG; primer F2, 5!-
CGAATTCATTAAAGAGGAGAAAGG; primer F3, 5!-
GAATTCATTAAAGAGGAGAAAGGTAC; primer R1, 5!-
GATATCAAGCTTATCGATACCGTC; primer R2, 5!-CGATATCAAGCTTATCGATACCG; 
primer R3, 5!-TCGATATCAAGCTTATCGATACC) . The amplified resistance-conferring 
fragments were purified using the QIAquick PCR purification kit, quantitated using the Qubit 
fluorometer, and sheared using the BioRuptor XL as previously described(4). Sheared DNA was 
purified with the QIAGEN MinElute PCR Purification kit, then end-repaired with Taq 
polymerase, T4 polymerase, T4 PNK, and dNTPs as previously described.(4) Pre-annealed 
barcoded sequencing adapters were added to each end-repaired sample with a unique 7bp 
oligonucleotide sequence assigned to each library and antibiotic selection combination as 
previously described.(4) Barcoded samples were purified using the Qiagen PCR Purification kit 
and size-selected for 300-400bp fragments on a 2% agarose gel in 0.5X TBE, then purified using 
a QIAGEN MinElute Gel Extraction kit. The purified size-selected barcoded DNA was PCR-
enriched using Illumina PCR Primer Mix and Phusion HF MasterMix as previously described.(4) 
PCR-enriched samples were pooled for sequencing (10nM/sample) and submitted for Illumina 
Hi-Seq paired-end 101-bp sequencing using the HiSeq 2000 platform at Washington 
University’s GTAC (Genome Technology Access Center, St Louis, Missouri, USA). 

c. PARFuMS Assembly and Annotation 

Functionally-selected metagenomic fragments submitted for Illumina platform sequencing were 
assembled and annotated as previously described.(4) Paired-end sequence reads were binned by 
exact-match barcodes, and fragments corresponding to each selection condition were assembled 
and annotated using the PARFuMS (Parallel Annotation and Re-assembly of Functional 
Metagenomic Selections) tool(4, 5).  Fragments were assembled in an iterative process using 
Velvet(6), Phrap(7), and custom scripts as previously described.(4) Open reading frames (ORFs) 



were identified using MetaGeneMark(8), and annotated by using HMMER3(9) to search against 
the TIGRFAMS(10) and PFam(11) databases.  

d. Assignment of Predicted Protein Ontology and Clustering 

Predicted protein ontologies were assigned to four categories “resistance gene”, “mobilization 
element”, “transporter/efflux pump”, and “other” according to a keyword string search of the 
annotations as previously described (3).  Predicted proteins were clustered at the 97% identity 
level using Cd-hit(12) and contigs <500bp in size were filtered out. Statistical analysis was 
performed on these 97% ID clusters using SAS version 9.3. Analyses were performed using log-
linear models assuming a negative binomial distribution of protein cluster counts. For analyses of 
repeated measurements (months 6 and 11) the models were adjusted for within-subject and 
within-family correlation.  Tables of Pairwise sample similarity (1-dissimilarity) between all 
samples were calculated using the binary Jaccard distance metric using the beta_diversity.py 
script from the QIIME package(13). Significance of the groups in Figure 1 was calculated using 
the all_pairs_t_test function from the QIIME(13) stats module.  

e. Collection of Twin Demographic Information 

Infant diets were ascertained via parental questionnaire; antibiotic exposures were also reported 
via parental questionnaire and verified in the infants’ medical records from their primary care 
pediatricians. 

II. Supplementary Results 

a. Metagenomic Library Phenotypes 

The gut microbial communities of all subjects at all time points harbored genes conferring 
resistance to a broad array of antibiotics (Fig. S1). As in our previous study of the pediatric fecal 
resistome, resistance to chloramphenicol, tetracycline, cycloserine, and sulfonamides 
(trimethoprim alone and in combination with sulfamethoxazole) was universal, suggesting that 
these are key components of human-associated fecal resistomes. Resistance to colistin, 
tigecycline, and gentamicin were less frequently observed. There were no apparent time-
dependent trends observed in infant resistome phenotypes during the first year of life: all infant 
gut metagenomes demonstrated resistance to multiple antibiotics at the initial time point (1-2 
months of age), and this resistance pattern tended to persist throughout the first year. There were 
no apparent effects of amoxicillin exposure on the resistance phenotype, again suggesting that 
the fecal resistome is established early, and is robust in the face of antibiotic perturbation at 8 
months of age.   

b. Beta-Lactam Resistance Genes 

In the study cohort, all classes of beta-lactamases were represented. There were two major 
groups of Class A beta-lactamases, including one group with high identity to TEM beta-



lactamases that was associated with extended-spectrum penicillin and beta-lactamase inhibitor 
resistance, and another group of class A beta-lactamases that were more closely associated with 
later-generation cephalosporin resistance (Figs. 3, S2). All fourth-generation cephalosporin 
resistance was associated with either Class A or Class D beta-lactamases. The cephalosporin-
resistant group included a novel beta-lactamase (CL1135), which had only 67% protein identity 
to a beta-lactamase from Akkermansia CAG:344 (WP_022395938); the source contig was 
dissimilar to any known sequence, with only 76% identity to Akkermansia muciniphilia 
(CP001071). This beta-lactamase was found in third- and fourth-generation cephalosporin 
selections, emphasizing the potential for poorly-understood gut microbes to be a source of 
resistance to clinically important antibiotics, even ones such as ceftazidime and cefepime, that 
are not used in the outpatient setting. The TEM-like group of Class A beta-lactamases included 
three proteins syntenic with mobilization elements, all of which had identical protein sequences 
to known beta-lactamases from a variety of gut microbes: CL1167 to Bacillus subtilis beta 
lactamase YP_004205979, CL1069 to Clostridium Boltae beta-lactamase WP_002567442, also 
found in our survey of the resistomes of healthy children, and CL1191 to Selenomonadales beta 
lactamase WP_006555379, which was found only in infants and was associated with third- and 
fourth-generation cephalosporin and monobactam resistance. The TEM-like group also included 
beta-lactamases identical to proteins identified in human pathogens: CL1172 to klebsiella 
pneumoniae TEM beta-lactamase WP_004151611 and CL1114 to Klebsiella oxytoca 
WP_004137840, both of which were found only in infants and were found in extended-spectrum 
penicillin selections, both with and without beta-lactamase inhibitors. This data is in agreement 
with our previous finding that highly undesirable extended-spectrum beta-lactamases are often 
found in healthy infants 

Class C beta-lactamases were found in all subjects, and primarily had high identity to 
Escherichia coli or Enterobacter aerogenes ampC beta-lactamases. Classes B and D were much 
less common, with only two Class B beta-lactamases found, both in mothers.  Class D beta-
lactamases included two novel beta-lactamases, one (CL1013) that had only 56% protein identity 
to a clostridial beta-lactamase (WP_005837179) and a second (CL1169) that was syntenic with a 
mobile element and had only 70% protein identity to a class D beta-lactamase from Firmicutes 
CAG:114 (WP_021920041). In both cases, the source contigs had only short-segment identity to 
any known sequences (CL1013 with 69% identity and 11% coverage to clostridium 
saccharolyticum (FP929037) and CL1169 with 84% identity over only 9% coverage to 
Eubacterium rectale (CP001107)). This underscores the potential importance of cryptic gut 
microbes as a source of novel, mobilizable resistance genes. 
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24,304&^!<DE!)%72!]!3+%,7!/%7240/#,3!@40!#,3%D%43%2!.EC47?0.^!<DE!T4,2!]!3+%,7!24,240/#,3!@40!#,3%D%43%2!
.EC47?0.;^!$.$D.0!()!:H]!$439.0^!I!]!3+%,!<^!O!]!3+%,!8;^!#,/!39.!,?$D.0!4@!$?&3%/0?6!.@@&?E!C?$C7!
%/.,3%@%./!?,/.0!39.!24,/%3%4,7!73%C?&#3./[!*9.!4?3C?3!3#D&.!/.720%D.7!39.!24,30%D?3%4,7!4@!39.!A#0%#D&.!
e$4$f!:$.$D.0!()!]!H;!34!39.!$4/.&[!B?&3%/0?6!.@@&?E!C043.%,7!+.0.!7%6,%@%2#,3&'!$40.!&%=.&'!34!D.!
@4?,/!%,!%,@#,37!39#,!%,!$439.07[!
! !

H2"$J=1=&KC&V55&>"8"6%:%8&5=:16":%=&
5671819"$&':"2;"8;&588<8&5=:16":%=&

>"8"6%:%8& & 5=:16":%&
':"2;"8;&

588<8&
?@A&B<2C1;%29%&

D161:=&
E& >8&F&GEG&

,2:%89%7:& ! I.PGSQ! H.OUUG! I.OGSG! O.OGS`! Q.P`! a.HHHI!

-<6& ! RO.JGGO! H.JUUU! RS.UH``! RI.IUQU! RG.GI! H.HHH`!



!
!
&

&
&
&
&
&
&

&
!"#$%&'W)!V46R&%,.#0!$4/.&!4@!$?&3%/0?6!.@@&?E!C?$C!C043.%,!2&?73.07!%/.,3%@%./!%,!29&40#$C9.,%24&!
7.&.23%4,7!%,!%,@#,37!4A.0!3%$.[!*9.!24?,3!$#30%E!%,!39.!$4/.&!%,2&?/.7!@40!@#$%&'!()!:T4,304&!]!#,3%D%43%2R
,#MA.!24,304&^!<DE!)%72!]!3+%,7!/%7240/#,3!@40!#,3%D%43%2!.EC47?0.^!<DE!T4,2!]!3+%,7!24,240/#,3!@40!
#,3%D%43%2!.EC47?0.;^!$.$D.0!()!:I!]!3+%,!<^!O!]!3+%,!8;^!3%$.C4%,3!:I^!QRP^!#,/!II!$4,397;^!#,/!39.!
,?$D.0!4@!$?&3%/0?6!.@@&?E!C?$C7!%/.,3%@%./!?,/.0!.#29!24,/%3%4,[!*9.!4?3C?3!3#D&.!/.720%D.7!39.!
24,30%D?3%4,7!4@!39.!A#0%#D&.!e$4,39f!34!39.!$4/.&[!B?&3%/0?6!.@@&?E!C043.%,7!+.0.!7%6,%@%2#,3&'!&.77!
&%=.&'!34!D.!@4?,/!#3!&#3.0!3%$.C4%,37[!
! !

&

H2"$J=1=&KC&V55&>"8"6%:%8&5=:16":%=&5671819"$&':"2;"8;&588<8&5=:16":%=&

>"8"6%:%8& & 5=:16":%&
':"2;"8;&

588<8&
?@A&B<2C1;%29%&

D161:=&
E& >8&F&GEG&

,2:%89%7:& ! I.UHSS! H.OPUU! H.`QSG! O.HSSU! U.SQ! a.HHHI!

-<2:N& ! RH.IJJH! H.HO`S! RH.OSUQ! RH.IGHS! RQ.SH! a.HHHI!



!
!
!

!
!
!
!

&
&
&
&

!"#$%&'X)!V46R&%,.#0!$4/.&!4@!29&40#$C9.,%24&!#2.3'&30#,7@.0#7.!C043.%,!2&?73.07!%/.,3%@%./!%,!
29&40#$C9.,%24&!7.&.23%4,7!%,!%,@#,37!4A.0!3%$.[!*9.!24?,3!$#30%E!%,!39.!$4/.&!%,2&?/.7!@#$%&'!()!
:T4,304&!]!#,3%D%43%2R,#MA.!24,304&^!<DE!)%72!]!3+%,7!/%7240/#,3!@40!#,3%D%43%2!.EC47?0.^!<DE!T4,2!]!3+%,7!
24,240/#,3!@40!#,3%D%43%2!.EC47?0.;^!$.$D.0!()!:H!]!$4$^!I!]!3+%,!<^!O!]!3+%,!8;^!#,/!39.!,?$D.0!4@!
29&40#$C9.,%24&!#2.3'&30#,7@.0#7.7!%/.,3%@%./!?,/.0!.#29!24,/%3%4,[!*9.!4?3C?3!3#D&.!/.720%D.7!39.!
24,30%D?3%4,7!4@!39.!A#0%#D&.!e$4$f!:$.$D.0!()!]!H;!34!39.!$4/.&[!T9&40#$C9.,%24&!#2.3'&30#,7@.0#7.7!
+.0.!7%6,%@%2#,3&'!$40.!&%=.&'!34!D.!@4?,/!%,!$439.07!39#,!%,!%,@#,37[!
!
! !

H2"$J=1=&KC&V55&>"8"6%:%8&5=:16":%=&
5671819"$&':"2;"8;&588<8&5=:16":%=&

>"8"6%:%8& & 5=:16":%&
':"2;"8;&

588<8&
?@A&B<2C1;%29%&

D161:=&
E& >8&F&GEG&

,2:%89%7:& ! H.UIHJ! H.IJOQ! H.IUGH! H.JQJP! O.JH! H.HHUI!

-<6& ! H.JPUU! H.IJOQ! H.UIPQ! I.OGGG! S.JH! a.HHHI!



!
&
&
&
&
&

&
&
&
!"#$%&'?)!V46R&%,.#0!$4/.&!4@!29&40#$C9.,%24&!#2.3'&30#,7@.0#7.!C043.%,!2&?73.07!%/.,3%@%./!%,!
29&40#$C9.,%24&!7.&.23%4,7!%,!%,@#,37!4A.0!3%$.[!*9.!24?,3!$#30%E!%,!39.!$4/.&!%,2&?/.7!@#$%&'!()!
:T4,304&!]!#,3%D%43%2R,#MA.!24,304&^!<DE!)%72!]!3+%,7!/%7240/#,3!@40!#,3%D%43%2!.EC47?0.^!<DE!T4,2!]!3+%,7!
24,240/#,3!@40!#,3%D%43%2!.EC47?0.;^!$.$D.0!()!:I!]!3+%,!<^!O!]!3+%,!8;^!#,/!3%$.C4%,3!:I^!QRP^!#,/!II!
$4,397;^!#,/!,?$D.0!4@!29&40#$C9.,%24&!#2.3'&30#,7@.0#7.7!%/.,3%@%./!?,/.0!.#29!24,/%3%4,[!*9.!
4?3C?3!3#D&.!/.720%D.7!39.!24,30%D?3%4,7!4@!39.!A#0%#D&.!e$4,39f!34!39.!$4/.&[!T9&40#$C9.,%24&!
#2.3'&30#,7@.0#7.7!+.0.!,43!7%6,%@%2#,3&'!$40.!&%=.&'!34!D.!@4?,/!#3!&#3.0!3%$.C4%,37[!
!
! !

&

H2"$J=1=&KC&V55&>"8"6%:%8&5=:16":%=&5671819"$&':"2;"8;&588<8&5=:16":%=&

>"8"6%:%8& & 5=:16":%&
':"2;"8;&

588<8&
?@A&B<2C1;%29%&

D161:=&
E& >8&F&GEG&

,2:%89%7:& ! RI.IPJU! H.POHQ! RO.U`HP! H.OGGJ! RI.QS! H.IHI`!

-<2:N& ! H.HJQQ! H.HJOS! RH.HPSJ! H.OSJI! I.HU! H.O`GH!



!
H2"$J=1=&KC&-"I16L6&D1M%$1N<<;&>"8"6%:%8&5=:16":%=&

>"8"6%:%8& .O& 5=:16":%&
':"2;"8;&

588<8&
P"$;&?@A&B<2C1;%29%&

D161:=& P"$;&BN1Q'RL"8%& >8&F&BN1'R&

,2:%89%7:& I! II.QHUG! H.QGHP! IH.GQ`I! IO.JSIS! GGJ.UP! a.HHHI!
O"6'N"8%& I! RG.OOIS! H.GGPQ! RG.JJGO! RO.5596! `I.HG! a.HHHI!
-"I'N"8%& I! RG.IHJQ! H.GO`S! RG[PUSG! RO.SQO`! J`.HS! a.HHHI!
O"6'N"8%S-"I'N"8%& I! I[HJIH! H.IQPO! H.PUGG! I.SHJP! SI.JH! a.HHHI!
'%$C.1CC!16%& I! RO[JOHP! H[UHPI! RG[JISQ! RI[JOQJ! GH[`S! a[HHHI!

-"I'N"8%S'%$C.1CC!16%& I! H[USJP! H[OPGQ! H[HIOS! I[HJS`! S[HO! H[HSS`!

.1=7%8=1<2& I! H.HUSI! H.HSJ`! H.HH`O! H.GIJG! ! !

!
!"#$%&'(Y)!V46R&%,.#0!$4/.&!4@!+%39%,R@#$%&'!79#0%,6^!D.3+..,R@#$%&'!79#0%,6^!#,/!#CC.#0.#2.!4@!
0.7%73#,2.R#7742%#3./!C043.%,!2&?73.07!#3!/%@@.0.,3!C4%,37!%,!3%$.[!*9.!24?,3!$#30%E!%,!39.!$4/.&!%,2&?/.7!
39.!,?$D.0!4@!@#$%&%.7!#!C043.%,!2&?73.0!+#7!@4?,/!%,!:"#$b9#0.c!I^!O^!40!G!@#$%&%.7;^!39.!,?$D.0!4@!
$.$D.07!4@!#!6%A.,!@#$%&'!#!C043.%,!2&?73.0!+#7!@4?,/!%,!:B#Eb9#0.c!I^!O^!40!G!$.$D.07;^!+9.39.0!40!
,43!#!0.7%73#,2.!C043.%,!2&?73.0!+#7!@4?,/!%,!#,!%,/%A%/?#&!#3!$?&3%C&.!3%$.C4%,37!:b.&@)%@@*%$._!I]!
C0.7.,3!#3!$?&3%C&.!3%$.C4%,37_!H!]!C0.7.,3!#3!#!7%,6&.!3%$.C4%,3;^!#,/!39.!,?$D.0!4@!0.7%73#,2.!C043.%,!
2&?73.07!%/.,3%@%./!?,/.0!39.!73%C?&#3./!24,/%3%4,7[!*9.!4?3C?3!3#D&.!/.720%D.7!39.!24,30%D?3%4,7!4@!@%A.!
A#0%#D&.7!:"#$b9#0.^!B#Eb9#0.^!b.&@)%@@*%$.!#,/!39.!%,3.0#23%4,!3.0$7!"#$b9#0.dB#Eb9#0.!#,/!
B#Eb9#0.db.&@)%@@*%$.;!34!39.!$4/.&[!*9.0.!+.0.!7%6,%@%2#,3!C47%3%A.!#7742%#3%4,7!D.3+..,!79#0%,6!
+%39%,!:B#Eb9#0.;!40!D.3+..,!:"#$b9#0.;!@#$%&.7!#,/!D.3+..,!79#0%,6!+%39%,!@#$%&%.7!:B#Eb9#0.;!#,/!
C.07%73.,2.!+%39%,!#,!%,/%A%/?#&!#3!/%@@.0.,3!3%$.C4%,37!:b.&@)%@@*%$.;[!B4/.&7!%,2&?/%,6!%,3.0#23%4,!
3.0$7!D.3+..,!C.07%73.,2.!#3!/%@@.0.,3!3%$.C4%,37!#,/!79#0%,6!D.3+..,!@#$%&%.7!
:b.&@)%@@*($.d"#$b9#0.;!40!79#0%,6!+%39%,!#,/!D.3+..,!@#$%&%.7!:b.&@)%@@*%$.d"#$b9#0.dB#Eb9#0.;!
/%/!,43!794+!#,'!7%6,%@%2#,3!24,30%D?3%4,7!@04$!3947.!%,3.0#23%4,!3.0$7[!!

!

! !



!
!
!

!!

<,3%D%43%2RL#MA.!T4,304&! <$4E%2%&&%,!)%7240/#,3! <$4E%2%&&%,!T4,240/#,3!

!! !Z12&H& !Z12&3& !! !Z12&H& !Z12&3& !! !Z12&H& !Z12&3&

-& (& *& +& (& *& +& -& (& *& +& (& *& +& -& (& *& +& (& *& +&

>%2191$$12& I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I!

>17%8"91$$12& H! I! I! I! I! I! I! I! I! H! I! I! I! I! H! I! I! I! I! I! I!
>17%8"91$$12Q
!"[<#"9:"6& H! I! I! I! H! I! H! I! I! H! I! I! H! I! H! I! I! I! I! I! I!

B%C<I1:12& I! I! I! I! I! I! I! I! I! H! I! H! I! H! I! I! H! H! I! H! H!

B%C<:"I16%& I! I! I! I! I! I! I! H! I! H! I! I! I! H! I! I! H! H! H! H! H!

B%C:"[1;16%& I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! H! H! H! I! I! I!

B%C%716%& H! H! I! I! I! I! I! H! H! H! H! H! H! H! H! H! H! H! H! H! H!

H[:8%<2"6& I! I! I! I! I! I! I! I! H! I! H! H! H! H! H! I! H! H! I! H! H!

-%8<7%2%6& H! H! H! H! H! H! H! H! H! H! H! H! H! H! H! H! H! H! H! H! H!

!%:8"9J9$12%& I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I!

!1\%9J9$12%& H! H! H! H! H! H! H! H! H! H! H! H! I! H! I! H! H! H! H! H! H!

!816%:N<7816& I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I!
!816%:N<7816Q
'L$C"6%:N<I"[<$%& I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! H! H! H! H! H!

V%2:"61912& I! H! H! H! H! H! H! I! H! H! I! I! H! I! I! H! H! H! H! H! I!

BN$<8"67N%219<$& I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I!

B<$1=:12& I! H! I! I! H! I! I! H! H! H! H! H! H! H! I! H! H! H! H! H! H!

BJ9$<=%812%& I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I! I!

B178<C$<I"912& H! H! H! H! H! H! H! H! H! H! H! H! H! H! H! H! H! H! H! H! H!

D1#8"8J&'1[%& O[I! OH! IS[U! OS[G! OS[I! OS[I! Q[U! IQ[Q! Q[I! S[G! O[P! IH[G! IH! Q[G! G[IG! I[J! S[Q! G[G! O[U! Q[G! O[S!

O1\)&'()!<,3%D%43%2!>.7%73#,2.!19.,43'C.7[!B.3#6.,4$%2!&%D0#0%.7!+.0.!24,730?23./!@04$!@.2#&!7#$C&.7!
24&&.23./!@04$!390..!$439.0R3+%,!30%#/7[!g,.!3+%,!C#%0!+#7!#,3%D%43%2R,#MA.!@40!39.!IIR$4,39!73?/'!
C.0%4/^!#,/!4,.!C#%0!+#7!24,240/#,3!#,/!39.!439.0!/%7240/#,3!@40!#!IHR/#'!24?07.!4@!40#&!#$4E%2%&&%,!
#/$%,%73.0./!#3!J!$4,397!4@!#6.[!B#3.0,#&!&%D0#0%.7!+.0.!24,730?23./!?7%,6!@.2#&!7#$C&.7!24&&.23./!#3!
39.!3%$.!4@!/.&%A.0'[!(,@#,3!&%D0#0%.7!+.0.!24,730?23./!@04$!@.2#&!7#$C&.7!24&&.23./!#3!390..!3%$.C4%,37c!
IRO!$4,397!4@!#6.!:D#7.&%,.;^!QRP!$4,397!4@!#6.!:GH!/#'7!#@3.0!74&%/!@44/!%,%3%#3%4,;^!#,/!II!$4,397!4@!
#6.!:GH!/#'7!@4&&4+%,6!#,3%D%43%2!.EC47?0.;[!*9.!$.3#6.,4$%2!&%D0#0%.7!+.0.!720..,./!#6#%,73!#,!#00#'!
4@!#,3%D%43%27!39#3!+.0.!%,9%D%340'!34!39.!24,304&!406#,%7$[!V%D0#0%.7!39#3!/.$4,730#3./!0.7%73#,2.!34!#!
6%A.,!#,3%D%43%2!#0.!0.C0.7.,3./!D'!/#0=!7h?#0.7_!%@!39.!#,3%D%43%2!720..,%,6!C&#3.7!9#/!,4!604+39^!39.,!
39.0.!%7!#!2400.7C4,/%,6!+9%3.!7h?#0.[!*9.0.!+#7!,4!0.7%73#,2.!34!$.04C.,.$!40!2%C04@&4E#2%,!%,!#,'!4@!
39.!7?Di.237[!<&&!7?Di.237!#3!#&&!3%$.!C4%,37!9#/!0.7%73#,2.!34!$?&3%C&.!#,3%D43%27[!

! !



!

O1\)&'*)!8.3#RV#23#$!>.7%73#,2.!-.,43'C.!#,/!19.,43'C.[!10./%23./!D.3#R&#23#$!0.7%73#,2.!C043.%,7^!24&&#C7./!%,34!
`Pj!%/.,3%3'!2&?73.07^!#0.!7403./!D'!2&#77!#,/!40/.0./!#2240/%,6!34!C47%3%4,!4,!#!C9'&46.,.3%2!30..!:"%6!U;[!<,3%D%43%2!
7.&.23%4,! 24,/%3%4,7!#0.! 79#/./!C?0C&.^!+%39!/#0=!C?0C&.! %,/%2#3%,6! 39#3!#! 0.7%73#,2.!C043.%,!+#7! %/.,3%@%./! %,! 39#3!
#,3%D%43%2! 7.&.23%4,!24,/%3%4,^!#,/!#! &%693!C?0C&.! 7h?#0.! %,/%2#3%,6! 39#3! 39.! 0.7%73#,2.!C043.%,!+#7!,43! %/.,3%@%./! %,!
39#3! 24,/%3%4,[! T&#77! <! D.3#R&#23#$#7.7! @#&&! %,34! 3+4! /%73%,23! 604?C7_! 4,.! +%39! 0.7%73#,2.! 34! .E3.,/./R7C.230?$!
C.,%2%&&%,7! #,/! D.3#R&#23#$#7.! %,9%D%3407^! #,/! 4,.! +%39! 0.7%73#,2.! 34! 2.C9#&47C40%,7[! ! T&#77! T! D.3#R&#23#$#7.7!
9%69&%693./!2.C9#&47C40%,!0.7%73#,2.[!<&&!T.@.C%$.!0.7%73#,2.!+#7!@4?,/!%,!2&#77!<!40!)!D.3#R&#23#$#7.7!40!C.,%2%&&%,!
D%,/%,6!C043.%,7[!b3?/'!7?Di.237!#0.!79#/./!60..,_!/#0=!60..,!%,/%2#3.7!39#3!#!6%A.,!0.7%73#,2.!C043.%,!+#7!%/.,3%@%./!
%,!#!6%A.,!7?Di.23!#3!#!6%A.,!3%$.C4%,3[!B#,'!D.3#R&#23#$!0.7%73#,2.!C043.%,7!C.07%73!4A.0!3%$.!:#0.!C0.7.,3!+%39%,!#!
6%A.,! %,/%A%/?#&!#3!$?&3%C&.!3%$.C4%,37;!40!#0.!C0.7.,3! %,!D439! %,@#,37! %,!#!7%D&%,6!C#%0[!B439.07!#,/! %,@#,37!3.,/!34!
9#A.! /%@@.0.,3! 7.37! 4@! D.3#R&#23#$! 0.7%73#,2.! C043.%,7[! *9.! 0.7%73#,2.! C9.,43'C.7! #7742%#3./! +%39! 39.! @.2#&!
$.3#6.,4$.!4@!.#29!73?/'!7?Di.23!%7!9%69&%693./!40#,6.^!+%39!/#0=!40#,6.!%,/%2#3%,6!39#3!0.7%73#,2.!34!39#3!#,3%D%43%2!
+#7!4D7.0A./!#3!39#3!3%$.C4%,3[!!

Penicillin (PE)
Piperacillin (PI)
Piperacillin-Tazobactam (PITZ)
Cefoxitin (CX)
Cefotaxime (CT)
Ceftazidime (CT)
Cefepime (CP)
Aztreonam (AZ)



O1\)& '+)! *+%,! (,@#,3! ".2#&! >.7%734$.7! >.7.$D&.! *947.! 4@! 39.%0! b%D&%,67! <3! X#29! *%$.C4%,3[! 10./%23./!
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