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Abstract

Two near-identical clinical Streptococcus pyogenes isolates of emm subtype emm43.4 with a 

pbp2x missense mutation (T553K) were detected. Minimum inhibitory concentrations (MICs) for 

ampicillin and amoxicillin were 8-fold higher, and the MIC for cefotaxime was 3-fold higher than 

for near-isogenic control isolates, consistent with a first step in developing β-lactam resistance.
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Streptococcus pyogenes (group A Streptococcus [GAS]) causes an estimated 1.8 million 

severe infections and 517 000 deaths globally every year [1]. The β-lactam antibiotics 

penicillin and amoxicillin are the antibiotics of choice to treat most GAS infections.
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No confirmed reports of GAS resistance to β-lactam antibiotics have been documented, 

although treatment failures have been reported [2]. Within Streptococcus pneumoniae, “first 

step” mutations within the penicillin-binding protein PBP2x gene (pbp2x) by themselves 

lead to modestly elevated minimum inhibitory concentrations (MICs) and are required for 

the development of full β-lactam resistance [3]. Streptococcus agalactiae (group B 

Streptococcus [GBS]) and Streptococcus dysgalactiae subspecies equisimilis have more 

recently been reported with reduced susceptibility to β-lactam antibiotics conferred by 

pbp2x point mutations [4-6].

In June 2017, Public Health-Seattle & King County began investigating a possible 

community outbreak of GAS infections at hospital A in collaboration with the US Centers 

for Disease Control and Prevention (CDC). We report 2 nearly identical GAS isolates, each 

sharing the same rare mutation leading to elevated β-lactam MICs and each associated with 

an independent invasive infection.

METHODS

A convenience sample of available GAS blood and wound isolates from unique patients with 

GAS infections treated at hospital A during May 2017-March 2018 was provided to the 

CDC. The CDC performed T-protein typing employing type-specific antisera; isolates within 

the most common T-types were selected for whole genome sequencing-based 

characterization as previously described [7]. MICs were compared between strains in which 

point mutations were identified in antibiotic resistance-determining regions, and nearly 

isogenic strains that lacked these mutations.

For the 2 GAS isolates with the single point mutation associated with higher β-lactam MICs, 

Public Health-Seattle & King County conducted patient interviews and medical record 

reviews to determine the course of infection, treatment, and social history during the 3 

preceding years.

This project was reviewed in accordance with CDC human research protection procedures 

and was determined to be a nonresearch, public health response.

RESULTS

During May 2017-March 2018, 282 isolates (44 blood, 6 other sterile fluid, 232 wound) 

were collected at hospital A from 254 patients. Of 52 isolates sent to CDC, 36 were selected 

for whole-genome sequencing (Supplementary Table 1).

Five isolates of emm subtype 43.4 and multilocus sequence type 3 (emm43.4/ST3) from 

patients A-E revealed an average pairwise single-nucleotide polymorphism (SNP) difference 

of 6.8 (range, 2–10), indicating close relatedness (Supplementary Figure 1). Four of the 5 

patients were identified as experiencing homelessness at the time of isolate collection; the 

fifth patient worked as a provider of services to people living homeless in the community. 

Four of the 5 reported using injection drugs.
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Of the 5 emm43.4/ST3 isolates, 2 differed by only 2 SNPs. These isolates (collected from 

patient A in November 2017 and patient E in January 2018) showed a single point mutation 

within pbp2x, resulting in the PBP2x T553K substitution (Figure 1). Both isolates also 

showed a single point mutation within parC, resulting in the S79F substitution within the 

topoisomerase subunit ParC. MIC values were 0.25 μg/ mL for the 2-amino-group 

containing antibiotics ampicillin and amoxicillin (Table 1), which were 8 times higher than 

the MIC values for the other 3 nearly isogenic emm43.4/ST3 isolates and at the 

susceptibility breakpoint for ampicillin. MIC values were 0.06 μg/mL for cefotaxime, which 

was twice as high as the control strain MICs. These were independently verified by utilizing 

Etest. Penicillin MICs were the same across isolates and below the susceptibility breakpoint 

(MIC ≤0.015). Intermediate levofloxacin resistance was also detected in the isolate from 

patient E (MIC = 4 μg/mL) (Supplementary Table 1).

Case 1

Patient A is an adult male with a congenital syndrome associated with poor lower extremity 

lymph drainage complicated by multiple episodes of septic arthritis of the knee. Patient A 

presented to hospital A in septic shock on 4 November 2017. GAS was isolated from the 

patient’s blood and knee synovial fluid. He was initially treated with intravenous 

vancomycin, clindamycin, levofloxacin, and penicillin G; this was narrowed to penicillin G 

and clindamycin when culture results became available. Patient A was discharged 19 days 

after admission to complete an outpatient course of levofloxacin. At the time of admission, 

patient A worked at a facility providing services to people experiencing homelessness in 

Seattle.

In the 3 years before this hospitalization, patient A had at least 7 invasive bacterial infections 

caused by GBS, GAS, or methicillin-resistant Staphylococcus aureus (MRSA). As a result 

of these infections, patient A had received at least 9 courses of β-lactam antibiotics 

(ampicillin-sulbactam, ceftriaxone, penicillin G, and penicillin V potassium), 9 courses of 

fluoroquinolone antibiotics (levofloxacin and moxifloxacin), and 2 doses of penicillin G 

benzathine for prophylaxis. Antibiotic courses ranged from a single dose to a 38-day course. 

The most proximal infection and antibiotic use for patient A was in June 2017, when he 

received ampicillin-sulbactam and levofloxacin for GBS bacteremia and soft tissue 

infection.

Case 2

Patient E is an adult male with a history of hepatitis C virus infection and alcoholic cirrhosis. 

The patient reported a history of injection drug use and was living homeless and unsheltered 

at the time of GAS infection. He presented to hospital A on 26 January 2018, with 3–4 days 

of abdominal pain and altered mental status. The patient had large-volume ascites with an 

ascitic fluid nucleated cell count >10 000 cells/mL and 88% neutrophils. He also had a 

purulent foot wound. GAS and penicillin-susceptible S. pneumoniae were isolated from the 

blood, and S. pneumoniae from ascitic fluid. Patient E was treated with 2 weeks of 

intravenous ceftriaxone and discharged 14 days after admission.
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Patient E had multiple invasive MRSA and Streptococcus infections during the 3 years 

preceding the pbp2x mutant isolate collection date, including Streptococcus dysgalactiae 
subspecies equisimilis, unspeciated α-hemolytic streptococci, S. pneumoniae, and GAS. He 

had received multiple courses of β-lactam antibiotics (amoxicillin, ceftriaxone, meropenem, 

cephalexin, and penicillin G) and fluoroquinolone (ciprofloxacin) inpatient and outpatient 

treatment; courses ranged from a single dose to 30 days. The most proximal infection and 

antibiotic use for patient E was in November 2017, when he was diagnosed with S. 
pneumoniae bacteremia resulting in treatment with vancomycin, clindamycin, meropenem, 

cefdinir, and sulfamethoxazole-trimethoprim.

No direct link between patients A and E were established, although patient E reported 

receiving meals at the same facility serving people experiencing homelessness where patient 

A worked in the month before the onset of patient E’s GAS infection.

DISCUSSION

We describe the first reported GAS clinical isolates with elevated ampicillin, amoxicillin, 

and cefotaxime MICs conferred by a pbp2x mutation. Both isolates were collected from 

patients with extensive and repeated histories of prior β-lactam use. The GAS PBP2x T553K 

substitution described here aligns to the same conserved T residue position within GBS 

(T555) and pneumococci (T550) (Figure 1). In GBS and pneumococci, the corresponding 

T555S and T550A, respectively, are also associated with reduced susceptibilities to β-lactam 

antibiotics [3, 5, 8]. This substitution lies immediately following the 3-residue KSG that is 1 

of 3 active site motifs conserved in the transpeptidase regions of PBP1a, PBP2b, and PBP2x 

[9].

Previous research indicates that GAS may be unable to develop β-lactam resistance as a 

result of barriers to genetic transfer and fitness costs of low-affinity penicillin-binding 

proteins [10]. We did not see any differences in growth rates between the 2 PBP2x T553K 

substitution mutants and the 3 closely related control strains (Supplementary Figure 2). GAS 

isolates with elevated penicillin MICs have been very rarely reported [11, 12], but previous 

reports have been unconfirmed. Penicillin remains the drug of choice for most GAS 

infections. Our investigation found no change in penicillin MICs, which is not unexpected 

given that point mutations reducing the affinity for 1 β-lactam do not necessarily affect the 

affinity for another [3]. However, here we have shown the first evidence that GAS have the 

potential to adapt to β-lactam antibiotic selective pressure, as do other streptococcal 

pathogens, through remodeling of the transpeptidase domain of the key peptidoglycan 

synthetic enzyme PBP2x.

In exploring the location of the SNPs that were found among this nearly isogenic group of 5 

strains, we found 6 SNPs (among the total of only 11 total found within the group) that 

distinguished the two pbp2x mutants from the 3 “wild-type” strains. Two of these were 

accounted for by the already-described parC and pbp2x mutations. The four remaining SNPs 

specific to the 2 pbp2x mutants were missense mutations within four different structural 

genes. The most compelling of the four was a single mutation within a “glycoside hydrolase 

family 25” protein (threonine to alanine at position 236, corresponding to protein 
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QEU36042.1 of reference genome CP044093). The glycoside hydrolases are enzymes that, 

like PBP2x, are involved in re-modeling peptidoglycan for processes such as cell division 

and cellular growth. Conceivably, this altered glycoside hydrolase could interact with the 

peptidoglycan biosynthetic apparatus to functionally complement or alleviate fitness costs of 

the mutant PBP2x protein.

In view of the close relatedness between the 2 T553K substitution mutants, the pbp2x 
mutation did not arise independently. SNP differences within this cluster of emm43.4/ST3 

cases indicate that the pbp2x mutation emerged within the last 1–2 years. We did not 

identify a direct link between patient A and patient E, although both had epidemiological 

links to people experiencing homelessness and overlapped at the same shelter during patient 

E’s exposure period. The detection of this strain in 2 independent invasive infections 

suggests that it could be widely disseminated. The close relatedness between the 5 isolates 

that included the 3 wild-type and 2 PBP2x T553K substitution mutants obviated the need for 

mutagenesis back to wild type for phenotypic comparisons using established protocols [4].

Repeated and prolonged antibiotic use might lead to the emergence of resistant GAS strains. 

Recent GAS outbreaks have affected people experiencing homelessness, a vulnerable 

population for which skin and soft tissue infections requiring antibiotic use are common and 

provide positive selective pressure for mutants to emerge.

We have discovered a novel GAS pbp2x mutation conferring elevated MICs to β-lactams, 

which could serve as a selective advantage and as a first step in development of resistance. 

These findings reinforce the importance of monitoring β-lactam resistance phenotypes in 

GAS and adhering to antibiotic stewardship policies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Alignment of group A Streptococcus (GAS) PBP2x segment with wild-type fully 

susceptible GAS and corresponding segments from susceptible group B Streptococcus 
(GBS) and pneumococci. The 726 residue PBP2x sequence of isolates recovered from 

patients A and E were identical and differed from PBP2x of nearly isogenic isolates 

recovered from patients B-D only at amino acid position 553. The conserved T residues 

corresponding to the GAS PBP2x T553K are shown (T555 in GBS, T550 in S. pneumoniae 
[SPN]). The symbol “∣” indicates identical residues, whereas “:” indicates conservative 

substitutions relative to the GAS PBP2x.
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