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a b s t r a c t 

Objectives: Streptococcus pyogenes (group A Streptococcus [GAS]) is a prevalent cause of community-acquired 
bacterial infections, with invasive GAS (iGAS) infections presenting severe morbimortality. Clindamycin is gen- 
erally used based on its antitoxin effect. This study investigates changes in iGAS incidence, clinical presentation, 
outcomes, and clindamycin resistance in an adult cohort. 
Methods: This is a retrospective analysis of S. pyogenes episodes from a tertiary adult hospital in Barcelona (Spain) 
between 2015 and 2023. The pre-pandemic period includes data from 2015-2019. The pandemic period, from 

2020-2021, and post-pandemic period comprised 2022 to the first semester of 2023. 
Results: The global incidence of GAS infections in the pre-pandemic and post-pandemic periods were 2.62 and 
2.92 cases per 10.000 hospital admissions, whereas for iGAS cases, they were 1.85 and 2.34. However, a transient 
decrease was observed during the pandemic period: 1.07 and 0.78 per 10.000 hospital admissions. There was a 
significant decrease in GAS and iGAS infections during the pandemic period compared with the pre-pandemic 
incidence ( P < 0.001 for GAS infections and P = 0.001 for iGAS cases) and the post-pandemic incidence ( P = 0.032 
for GAS infections and P = 0.037 for iGAS cases). The most common source of infection was skin and soft tissue 
infections with 264 (54%) cases. Skin and soft tissue infections and cases of necrotizing fasciitis increased during 
the pandemic. Clindamycin resistance occurred in 13.5% of isolations during the pre-pandemic and 17.5% in 
post-pandemic period ( P = 0.05). 
Conclusions: Our study revealed a temporary reduction in iGAS infections, followed by resurgence in the post- 
pandemic period. The observed rise in clindamycin resistance emphasizes the importance of monitoring local 
resistance patterns for tailored treatment. 
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Streptococcus pyogenes (group A Streptococcus [GAS]) is a major cause
f community-acquired acute bacterial infections and is the most com-
on cause of bacterial pharyngitis and frequently isolated in deep infec-

ions grouped under the term invasive GAS (iGAS) infections. The most
mportant iGAS include cellulitis, necrotizing fasciitis, and pneumonia,
hich still account for high morbidity and mortality rates [ 1 , 2 ]. Over

he last years, an increase in the incidence of iGAS has been notified in
dults and children [3–6] . 

S. pyogenes has somatic constituents (capsule, M protein) that are
esponsible of its resistance to phagocytosis, favoring tissue or blood-
tream invasion. In addition, S. pyogenes produce many extracellular
roducts implicated in tissue invasiveness (e.g. DNAses, streptokinases,
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nd hyaluronidases) and immune evasion (e.g. SpeB protease, C5a pep-
idase) and produces pyrogenic exotoxins (e.g. scarlatina toxins, ery-
hrotoxins) that are potent immune stimulators (superantigens) respon-
ible for streptococcal toxic shock syndrome, still associated with a high
ortality rate [7] . S. pyogenes remains susceptible to penicillin, and it is

he cornerstone of antibiotic treatment for iGAS. However, the mortal-
ty rate in streptococcal toxic shock syndrome, even treated with peni-
illin, is high and three interventions, in order of importance, are con-
idered necessary to improve the outcome: (i) early aggressive surgi-
al debridement, (ii) clindamycin in combination with penicillin, and
iii) immunoglobulins. Clindamycin binds to 23S ribosomal RNA and,
n vitro, immediately reduces the toxin production by S. pyogenes (anti-
oxin effect) [ 8 , 9 ]. To date, the benefit of the antitoxin effect has been
horoughly demonstrated in animal models [10] and this practice is
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ccepted worldwide, with a strong recommendation in guidelines [11–
3] . However, the clinical data supporting this recommendation are
carce and it explains that the recommendation is based on low-quality
vidence [ 10 , 14 ]. More recently, Babiker et al. [15] have shown in a
etrospective multi-center study that clindamycin also reduces the mor-
ality rate in other iGAS infections, including pneumonia, skin and soft
issue infections (SSTIs), and bacteremia. The recently reported increase
n clindamycin-resistant strains is, therefore, concerning [16–18] . 

This study aimed to describe the changes in the incidence, clinical
resentation, and outcomes of iGAS, as well as the evolution of resis-
ance to clindamycin in an adult cohort before, during, and after the
OVID-19 pandemic. 

ethods 

We conducted a retrospective study at a 900-bed tertiary univer-
ity hospital attending adult patients in Barcelona (Spain), with an area
f influence of 400,000 inhabitants. Using a routine purpose-designed
urveillance database, all documented microbiological isolations of S.

yogenes from the first semester of 2015 to the first semester of 2023
both included) were recorded. For each isolate, the following variables
ere recorded: date of infection, source and type of infection, clinical

ample, antibiotic treatment, intensive care unit (ICU) admission, 30-
ay mortality, and antibiotic resistance profile. The COVID-19 epidemic
as declared in Spain on March of 2020. Thus, the pre-pandemic period

omprised the first semester of 2015 until the second semester of 2019.
hus, the post-pandemic period comprised 2022 to the first semester
f 2023. Although COVID-19 was recognized by the World Health Or-
anization as a global emergency until the May 5, 2023, the clinical
urden in our center was higher during 2020 and 2021, affecting the
ormal epidemiology trends, with a normalization afterward. Thus, the
andemic period has been regarded the period from the first semester
f 2020 to the second semester of 2021. 

efinition of group A streptococcal infections 

Non-invasive GAS infections were considered when the strain was
solated from a mucosal surface (pharyngeal swab) and the patient had
ocal symptoms of infection (e.g. pharyngitis). iGAS was defined as the
solation of S. pyogenes from a normally sterile site (soft tissue, blood,
erebrospinal fluid, pleural fluid, ascites, and/or synovial fluid) and the
atient had local (e.g. erythema) and systemic (e.g. fever) signs of in-
ection. SSTIs were classified according to the Working Group on Se-
ere Streptococcal Infections [19] , including cellulitis, pressure ulcer
ite infection, subcutaneous abscess, myositis, and necrotizing fasciitis.
ecrotizing fasciitis was diagnosed if there were necrotic findings in the

urgical samples. Severe episodes of GAS, defined by admission to the
CU, were also recorded. 

icrobiological procedures 

Samples from blood cultures were inoculated into aerobic and anaer-
bic vials and processed by Bactec 9240 System (Becton-Dickinson,
lock Scientific Inc Bellport, NY, USA). Other samples were cultured

n blood agar plates for 5 days before being discarded as negative. The
henotypic identification of S. pyogenes from positive cultures was per-
ormed based on the presence of beta-hemolysis and colony morphology,
ollowed by the detection of A Lancefield antigen. 

Antimicrobial susceptibility testing was performed using a microdi-
ution system or E-test. Susceptibility to antimicrobials was established
ccording to the Clinical and Laboratory Standards Institute break points
ntil mid-2011 and to the current European Committee on Antimicro-
ial Susceptibility Testing criteria. 
2 
tatistical analysis 

All calculations were performed with the SPSS statistical package
version 18.0; SPSS, Chicago, IL, USA). Categorical variables were com-
ared using the 𝜒2 or Fischer’s exact test, as appropriate. All statistical
ests were two-tailed, and the threshold of statistical significance was
et at P < 0.05. 

The incidence of GAS and iGAS infections was calculated as a ratio
etween the total number of cases with an isolation of S. pyogenes and
he number of hospital admissions for each semester. The incidence is
iven per 10,000 hospital admissions. Incidences between periods were
ompared using two-sided Student’s t -test and the threshold of statisti-
al significance was set at P < 0.05. Aside from severe cases requiring
CU admission, patients affected by necrotizing fasciitis or pneumonia
r those with positive blood cultures were analyzed separately. 

esults 

roup A streptococcal and invasive group A streptococcal incidence across 

he pandemic 

During the study period, a total of 487 episodes of S. pyogenes in-
ections were recorded from 480 different patients. Of these, 356 were
onsidered as iGAS episodes according to the definition. The global inci-
ence of GAS infections in the pre-pandemic and post-pandemic periods
ere 2.62 and 2.92 cases per 10.000 hospital admissions, respectively
 Figure 1 ). Similarly, the incidence for iGAS cases were 1.85 and 2.34
ases per 10.000 hospital admissions for the same periods. The inci-
ence of GAS between pre-pandemic and post-pandemic periods were
imilar (2.62 vs 2.92 cases per 10.000 admissions, P = 0.71); however,
n increasing trend was seen in the incidence of iGAS cases compar-
ng the pre- and post-pandemic periods (1.85 vs 2.34 cases per 10,000
dmissions, P = 0.27). 

The GAS incidence during pandemic period was 1.07 cases per
0.000 hospital admissions, whereas 0.78 cases per 10,000 hospital ad-
issions of iGAS were reported during pandemic period. Thus, there was
 significant decrease in GAS and iGAS infections during the pandemic
eriod compared with the previous pre-pandemic incidence ( P < 0.001
or GAS infections and P = 0.001 for iGAS cases) and the subsequent
ost-pandemic incidence ( P = 0.032 for GAS infections and P = 0.037
or iGAS cases). 

escriptive analysis of group A streptococcal and invasive group A 

treptococcal episodes 

The most common source of infection was SSTIs with 264 (54%)
ases, followed by otitis and pharyngitis with 126 (26%) cases. Accord-
ngly, the majority of S. pyogenes were isolated from skin or soft tissue
amples in 237 (46%) cases and pharyngeal swabs in 89 cases (18%).
ther samples included blood cultures (62, 13%), osteoarticular tissue

41, 8%), and deep fascia (17, 3.5%). Table 1 summarizes the main
pidemiologic variables of GAS infection episodes during the three pe-
iods of the study. We noticed an increasing trend in the percentage
f SSTIs before and after pandemic (49% vs 66.7%), coupled with a
ecrease in non-invasive GAS infections: 28.2% vs 19.2%. Altogether,
STIs between the pre-pandemic period and post-pandemic period were
2.2% versus 57.7% ( P = 0.07). Specifically, confirmed cases of necro-
izing fasciitis were also increased after the COVID-19 pandemic (1.8%
s 6.3%, P = 0.03). 

The most common treatment for S. pyogenes infections was
onotherapy with a 𝛽-lactam agent (37%), followed by clindamycin

2.7%) and quinolones (2.7%). However, nearly half (42%) of the
pisodes were treated with a combination of two active agents. The pre-
erred combinations were a 𝛽-lactam plus clindamycin (24%) and a 𝛽-
actam plus linezolid (16%). The prescribed antibiotic treatment did not
iffer across the three periods of the study. Regarding the clindamycin
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Figure 1. Line graph showing the evolution of the in- 
cidence of GAS and iGAS cases across the three periods 
of study: pre-pandemic period from the first semester of 
2015 to the second semester of 2019, pandemic period 
from the first semester of 2020 to the second semester of 
2021 (shadowed), and post-pandemic period from the first 
semester of 2022 to the first semester of 2023. 
GAS, group A Streptococcus . 
iGAS, invasive group A Streptococcus . 

Table 1 

Clinical, microbiological characteristics, and outcomes of patients with S. pyogenes infections. 

Characteristics Total episodes N = 487 Pre-pandemic period N = 312 Post-pandemic period N = 175 vs P -value 

Infection source 

Skin and soft tissues 264 (54.2) 163 (52.2) 101 (57.7) 0.07 
Necrotizing fasciitis 17 (3.5) 6 (1.9) 11 (6.3) 0.03 
Otitis or Pharyngitis 126 (26) 88 (28.2) 38 (21.7) 0.39 
Pulmonary 22 (4.5) 17 (5.4) 5 (2.9) 0.54 
Osteoarticular 20 (4.1) 16 (5.1) 4 (2.3) 0.59 
Other 55 (11.3) 42 (13.5) 27 (15.4) 1 

Clinical sample 

Skin and soft tissues 237 (48.7) 137 (43.9) 100 (57.1) 0.09 
Pharyngeal swab 89 (18.3) 63 (20.2) 26 (14.9) 0.34 
Blood culture 62 (12.7) 42 (13.5) 20 (9.1) 0.62 
Respiratory 15 (3.1) 10 (3.2) 5 (2.9) 1 
Osteoarticular 13 (2.7) 10 (3.2) 3 (1.8) 0.77 
Other a 71 (14.6) 50 (16) 21 (12) 0.41 

Antibiotic treatment 

Beta-lactam monotherapy 180 (37) 119 (38.1) 61 (34.9) 0.47 
Beta-lactam + clindamycin 118 (24.2) 78 (25) 40 (22.9) 0.7 
Beta-lactam + linezolid 77 (15.8) 46 (14.7) 31 (17.7) 0.82 
Quinolone monotherapy 13 (2.7) 9 (2.9) 4 (2.3) 1 
Other 99 (20.3) 60 (19.2) 39 (22.3) 0.61 

Clindamycin resistance 76 (15.6) 42 (13.5) 34 (19.4) 0.05 
Severity 

Intensive care unit admission 33 (7) 28 (9) 5 (2.9) 0.01 
Mortality 8 (1.6) 7 (2.2) 1 (0.6) 0.27 

All values are expressed as absolute count and percentages. 
a Includes all clinical samples obtained with unspecified methods. 
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esistance, we detected a rise in clindamycin-resistant strains: 13.5%
n the pre-pandemic period versus 19.5% in the post-pandemic period
 P = 0.05). 

escriptive analysis of severe invasive group A streptococcal episodes 

A total of 33 (7%) patients were admitted to the ICU in the whole
tudy period. The most common source of these infections was pneu-
onia in 13 (39%) and SSTIs in 10 patients (30%); in 27% of them,

acteremia was documented. The 30-day mortality rate in patients in
he ICU was 24% and we did not find an increase in the number of
eaths across the COVID-19 pandemic (2.4% vs 0.6%, P = 0.27). 

Four of 13 (31%) patients admitted to the ICU due to S. pyogenes

neumonia and four of 10 (40%) admitted due to a SSTI died. Com-
ined, the patients affected by necrotizing fasciitis or pneumonia or
hose with positive blood cultures were more prone to be admitted in
he ICU (24.4% vs 3%, P < 0.001) and had a higher mortality (7.9% vs
.3%, P < 0.001). All patients admitted to the ICU received treatment
ith a 𝛽-lactam and 32 (97%) of them in combination with another ac-

ive antibiotic: clindamycin in 19 (58%) cases, linezolid in nine (27%),
nd other antibiotics in three (9%) cases. 
3 
A total of 47 (62%) patients with bacteremia and necrotizing fasci-
tis received treatment with clindamycin, whereas 25 (33%) of them
eceived linezolid treatment, with no significant differences in terms
f ICU admission (17% vs 24%, P = 0.4) or mortality (2.4% vs 0%,
 = 0.31). Patients with isolation of clindamycin-resistant strains did
ot present a significant increase in ICU admissions (13.9% for sensi-
ive vs 7.7% for resistant strains, P = 1) or mortality (3.2% for sensitive
s 0% for resistant strains, P = 0.67). 

With respect to pneumonia cases, during the study period, we iden-
ified 22 cases of pneumonia. From those, 13 were admitted to the ICU
nd four died. All of them, except one, received a 𝛽-lactam as the main-
tay treatment. Most of them associated a second antibiotic, which was
ot deliberately chosen to treat S. pyogenes but used empirically as a
overage of other common respiratory pathogens (four azithromycin,
ve quinolones, two vancomycin and, finally, five linezolid). 

iscussion 

In our cohort, we found a notable decline in the incidence of GAS
nd iGAS infections during the COVID-19 pandemic period, with a sub-
equent return to the previous incidence in the post-pandemic period.
oreover, during the pandemic period, there was an increase in the
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roportion of clindamycin-resistant isolations, partially rectified in the
ost-pandemic period. 

A few studies have reported an increase in the number of iGAS pe-
iatric cases in 2022 compared with the lower incidences reported dur-
ng the COVID-19 pandemic and previous years [4–6] . Our results are
n line with a recent Spanish study that showed a transient decrease
f iGAS during 2020-2021, with a rebound to the previous incidence
easured in 2018-2019 [3] . Some experts hypothesize that during the

arly stages of the COVID-19 pandemic, nonpharmaceutical interven-
ions such as mask-wearing and social distancing played a role in the
ecline of various infectious diseases. However, when COVID-19 con-
rol measures were scaled back or removed, unintended consequences
merged. This relaxation led to significant outbreaks of non–COVID-19
nfections because more susceptible individuals were exposed [20] . 

Adjunctive therapy with clindamycin was associated with improved
urvival in a recent multi-center French cohort [15] , and this effect was
lso seen in patients with invasive iGAS infection who did not present
ith septic shock or necrotizing fasciitis. Unfortunately, the rate of clin-
amycin resistance in S. pyogenes in our center is increasing, in line with
ecent studies [ 16 , 18 ]. Between 2011 and 2018, the US Centers of Dis-
ase Control and Prevention Active Bacterial Core surveillance program
eported an increase from 8.9% to 24.2% of S. pyogenes isolates that were
on-susceptible to clindamycin [6] . These data raise the question of its
onvenience as an empiric therapy or if it should be substituted by other
gents with antitoxin activity, such as oxazolidinones (e.g. linezolid)
nd good penetration to tissues (lung or cerebrospinal fluid) [ 8 , 21 ]. A
ecent study found no differences in patients with invasive soft tissue
nfection or necrotizing fasciitis who underwent surgical debridement
nd received either linezolid or clindamycin [22] . Our results also sup-
ort that linezolid could be an alternative for iGAS. Knowing the local
esistance epidemiology can help tailor empirical treatment of GAS in-
ections. 

Our study has several limitations, including the retrospective design,
ingle-center setting, and the absence of pediatrics population in our co-
ort. In addition, the comorbidity variables were not assessed and, with
espect to clindamycin resistance patterns, it would be convenient to
istinguish constitutive versus inducible patterns of resistance in future
nvestigations. Furthermore, because the majority of cases of GAS infec-
ions are mild, the potential benefits of combination therapy will have
o be evaluated separately in this subset of patients. 

In summary, in our cohort of GAS infections, we found a significant
ecrease in the incidence during the pandemic period. Moreover, after
he outbreak of COVID-19, we observed a rapid return to the previous
ncidence of these infections and an increase in the resistance to clin-
amycin, with one in every five isolates being resistant in the last period.
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