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Abstract

Background In pediatric age, Group A Streptococcus (GAS) is responsible for a wide spectrum of clinical
manifestations, from mild localized infections to life-threatening invasive diseases. In December 2022, the World
Health Organization reported an increased incidence of scarlet fever and invasive GAS infections (iGAS) cases in
Europe and the United States. In line with these observations, surveillance has been strengthened in our Region,
allowing the identification of certified or highly suspected forms of iGAS.

Case presentation We report here 4 emblematic cases of iGAS admitted to our Intensive Care Unit (ICU) in the
short time span from mid-February to mid-March 2023. Particularly, we describe a case of pleuropneumonia (4 year
old boy) and a case of respiratory failure (2 year old boy), who necessitated Non-Invasive Ventilation support, a case
of Streptococcal Toxic Shock Syndrome (6 year old girl), presenting with multi-organ failure, who needed Invasive
Ventilation, and a case of meningitis (5 year old girl). All these patients needed intensive care support.

Conclusions Accurate differential diagnosis and early treatment both could help to reduce the transmission of GAS
and consequently the risk of severe iGAS. These cases confirmed the need for close monitoring and appropriate
notification, in order to verify their actual increased incidence.
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Background

Streptococcus pyogenes (GAS, Group A Streptococcus)
is a human-specific bacterial pathogen, responsible for
a wide spectrum of clinical manifestations. The most
common forms in the pediatric age group are mild local-
ized infections, such as tonsillitis, pharyngitis, impetigo,
cellulitis and scarlet fever. More rarely, it can cause life-
threatening invasive diseases, burdened by important
mortality and morbidity, such as necrotizing fasciitis and
Streptococcal Toxic Shock Syndrome (STSS); in addi-
tion, ineffective treatment exposes to post-infectious
sequelae, such as post-streptococcal glomerulonephritis
or rheumatic disease [1]. Diagnosis of GAS infections can
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be challenging, considering that most of these clinical
conditions overlap with non-GAS infections. Therefore,
especially for pharyngitis, several diagnostic tools have
been developed, like clinical scores (e.g., Mclsaac scor-
ing system or the modified Centor score), Rapid Antigen
Detection Tests (RADT) and Nucleic Acid Amplification
Techniques (NAAT). Nevertheless, throat culture is cur-
rently considered the reference standard for diagnosing
GAS infections [2].

In December 2022, the World Health Organization
(WHO) reported an increased incidence of scarlet fever
and invasive Group A Streptococcus infections (iIGAS)
cases in Europe and the United States. Considering that
neither an increased antibiotic resistance nor a new type
of emm gene sequence (associated with M protein pro-
duction and responsible for the more invasive forms [3])
have been reported, WHO currently assesses the risk of
iGAS for the general population to be low [4].

In line with these findings, in our Region, surveillance
has been strengthened with increased testing in children
aged 3-12 years with suspicious symptoms of scarlet
fever and iGAS, by the use of RADT, both in Emergency
Department and Primary Care. Despite the end of most
of anti-COVID-19 restrictions, the current number
of notifications is still lower than in the pre-pandemic
period; nonetheless, in line with what has been observed
nationwide and in some European countries, there has
been a significant increase in 2022, with a doubling of
cases compared to 2021. This trend seems to be con-
firmed, considering that the notifications of scarlet fever
cases almost reached the total number of the entire pre-
vious year in the month of January 2023 only [5].

This surveillance system allowed the identification of
certified or highly suspected forms of iGAS. We report

Fig. 1 Pulmonary MRI, extensive pulmonary thickening in the left retro-
cardiac site, with homolateral pleural effusion
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here some emblematic cases over the short time span
from mid-February to mid-March 2023.

Case presentation

Case 1—pleuropneumonia

G., a 4 years-old child with no major clinical history,
recently came in contact with a case of streptococcal
pharyngitis. He was later clinically diagnosed with scarlet
fever and treated with amoxicillin-clavulanic acid, with
regression of symptoms. Five days later he came back to
the Emergency Department for fever and left arm pain:
blood tests were performed, showing neutrophilic leuko-
cytosis and mild CRP elevation. He was discharged with
anti-inflammatory therapy and orthopedic re-evaluation
was indicated.

The following day, the patient was found uncomfort-
able, with difficulty in maintaining sitting position due to
intense cervical and left upper limb pain, in mild respi-
ratory distress with conserved normal oxygen saturation
in room air. Blood analysis showed neutrophilic leuko-
cytosis, high CRP levels, coagulation testing highlighted
PT and aPPT elongation in known factor XI deficiency;
several blood cultures were collected, later found to be
negative. Chest radiograph showed mild thickening in
the left retrocardiac side with partial loss of the ipsilateral
hemidiaphragm border. Rapid Antigen Test for GAS was
positive.

Due to the need to administer pre-procedure pro-
thrombin complex concentrate, diagnostic lumbar
puncture was postponed and, in suspicion of meningi-
tis, intravenous ceftriaxone and acyclovir were started.
Because of the progressive worsening of G. general con-
dition, cerebral and pulmonary MRI was performed,
showing no brain parenchymal damage nor abnormal
contrast agent uptake, but finding an extensive pul-
monary thickening in the left retrocardiac site, with
homolateral pleural effusion [Fig. 1]. Due to clinical and
radio-echographic worsening, clarithromycin was added
and a chest drainage was performed, with discharge of
abundant turbid pleural fluid, with negative culture tests.
Non-invasive ventilation with CPAP and respiratory
physiotherapy were also necessary.

Thereafter the patient clinically improved significantly,
with resolution of the irradiated pleuritic pain and fever.

Case 2—respiratory failure

M., a previously healthy 2-year-old boy, was admitted
to an Emergency Department with fever and significant
respiratory distress. Blood analysis showed marked leu-
kocytosis, mild CRP increase; nasopharyngeal swab test
for SARS-CoV-2, Influenza A/B and RSV was negative.
Chest X-ray showed a small right supra-basilar thicken-
ing. M. was initially treated with oxygen, oral cortico-
steroid and respiratory support with High Flow Nasal
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Cannula. Because of the persistent respiratory distress,
he was transferred to our Pediatric ICU, where he started
non-invasive ventilation with CPAP, intravenous cortico-
steroid therapy and, after blood culture sampling, later
found to be negative, parenteral antibiotic therapy with
ampicillin-sulbactam. Rapid Antigen Test for GAS was
positive.

M. general condition gradually improved, he was trans-
ferred to our Pediatric department and then a few days
later discharged, after the complete resolution of his
respiratory distress.

Case 3—streptococcal toxic shock syndrome (STSS)

R., a 6-year-old girl with no previous clinical history, was
admitted to an Emergency Department for cough, fever
and progressive worsening of general condition. She pre-
sented polypnea, low oxygen levels (SpO2<90% in room
air) and absent vesicular murmur in the left mid-basal
field; scarlatiniform rash was present. Blood tests showed
metabolic acidosis with hyperlactacidemia, leukopenia
with moderate neutropenia (WBC 1030/mmc, Neu 640/
mmc), high levels of CRP and procalcitonin and signifi-
cant alteration of renal function. Chest X-ray showed a
left mid-basal thickening with pleural effusion. After per-
forming blood culture, ceftriaxone and supportive ther-
apy was started but, due to progressive altered mental
status, she was transferred to our Pediatric ICU.

On admission, after a brief stable phase with CPAP
respiratory assistance, R. presented a new cardio-respi-
ratory worsening, with myocardial dysfunction (diffuse
cardiac hypokinesia, Left Ventricular Ejection Fraction
33%). Volemic loading, amine support, orotracheal intu-
bation with subsequent mechanical ventilation and
placement of chest drainage were necessary. On chest
CT scan, extensive consolidation of the left lower lobe
with air bronchogram and markedly hypovascularized
areas, consistent with necrotizing pneumonia was found;
apico-basal pleural effusion and apical atelectasis in the
left upper lobe was also revealed [Fig. 2]. Bronchoscopy-
confirmed the necrotizing pneumonia with hemorrhagic
alveolitis [Fig. 3].

Rapid Antigen Test for GAS was positive. Given the
suspicion of STSS, ev antibiotic therapy was empirically
modified with clindamycin (for its anti-toxin effect) and
vancomycin (given the clinical difficulty in distinguish-
ing streptococcal from staphylococcal shock), the latter
replaced with penicillin G upon confirmation of positive
blood culture for Streptococcus pyogenes. Supportive
treatment with Intravenous Immunoglobulinwas neces-
sary [6] and, after discussion with pediatric infectiologist,
high-dose steroid therapy was started.

During the following days of hospitalization, the
patient presented a gradual improvement in general con-
dition with normalization of blood count, inflammatory
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Fig. 3 Bronchoscopy, necrotizing pneumonia with hemorrhagic alveolitis

indices, renal and cardiac function; respiratory status also
improved with possibility of endotracheal tube removal
and, after a transient phase of Non Invasive Ventilation,
resumption of spontaneous breathing in room air.

Case 4—meningitis

E., a 5-year-old girl with no history of major clinical
events, presented to our Emergency Department for
fever, irritability, headache and vomiting. On arrival, she
was confused (Glasgow Coma Scale 14, Eye 4—Motor 6—
Verbal 4), clinical examination showed signs of meningeal
irritation, such as nuchal rigidity and positive Lasegue’s
sign. Due to the presence of tonsillar hypertrophy with
exudate, Rapid Antigen Test for GAS was performed,
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resulting positive. Blood tests showed significant neutro-
philic leukocytosis, elevation of inflammatory indices and
significant elongation of INR. Given the parental refusal
to perform plasma transfusion due to religious reasons,
diagnostic lumbar puncture was not performed. How-
ever, in suspicion of meningitis, empirical antibiotic ther-
apy with ceftriaxone was started (after performing blood
culture, later found to be negative). MRI showed diffusely
salient cortical Cerebro-Spinal Fluid (CSF) spaces in
supra- and subtentorial location, in the absence of patho-
logic endocranial contrast-enhancement; both petro-
mastoid complexes presented T2-hyperintense material
with contrast-enhancement. EEG showed a diffuse slow
pattern both in sleep and wakefulness [Fig. 4].

During the subsequent hospitalization, after diagnosis
and correction of a specific factor VII deficiency, it was
possible to perform a lumbar puncture: CSF analysis
showed significant hypoglycemia (4 mg/dl) and leukor-
rhea with predominance of polymorphonucleocytes; bac-
terioscopic and culture negative, undergoing antibiotic
therapy.

During the subsequent hospitalization, E. presented
gradual normalization of both neurological status
and inflammatory indices; EEG and control MRI also
improved.

Discussion and conclusions

This case series describes different iGAS, which occurred
from mid-February to mid-March 2023 at our Center.
These cases came to our attention after WHO reported

Fig.4 Brain MR, diffusely salient cortical CSF spaces in supra- and subten-
torial location, contrast enhancement of both petro-mastoid complexes
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[3] and confirmed the need for close monitoring and
appropriate notification, in order to verify their actual
increased incidence. Since the end of 2022, reports of
increased prevalence of iGAS in children have appeared
in England [7]. Similar concerns are also being reported
in the Netherlands, France, Ireland and the United States
[8-12].

In agreement with epidemiological data the age range
of our patients was 2—6 years [7].

Our findings are in line with the WHO report and
confirm the need for close monitoring and appropri-
ate notification, in order to verify their actual increased
incidence. After 2 years of low incidence, the resurgence
of predisposing viral infections may also have amplified
this apparent new increase in iGAS cases. The most fre-
quently reported viral infection associated with iGAS is
Varicella Zoster Virus infection [13]. In our laboratory
VZV is not routinely tested on nasopharyngeal swab:
nonetheless, among our patients, those with the most
critical clinical presentation presented a viral coinfection,
particularly for Metapneumovirus (Case 1), Coronavirus
and Enterovirus/Rhinovirus (Case 3); one patient was not
tested (Case 4).

Of note, only one of our patients had the confirmation
of iGAS with a positive blood culture. All the others were
strongly suspected, based on clinical presentation and
positive RADT, which has been demonstrated to have a
good specificity [14]. This allowed to timely start antibi-
otic therapy, which is critical to effectively treat iGAS.

In conclusion, an accurate differential diagnosis com-
bined with an early treatment both could help to reduce
the transmission of GAS and consequently the risk of
severe iGAS infection. Early recognition of iGAS disease
and prompt initiation of specific and supportive therapy
for patients can be lifesaving. Close contacts of iGAS
cases should also be identified, assessed and managed
according to national guidelines. As stated by WHO,
Public Health authorities should consider activities to
raise awareness among clinicians and the general public
and encourage prompt testing and treatment of iGAS
infections [15]. Lastly, even if GAS has remained highly
susceptible to antimicrobial agents and WHO does
not currently report an increased antibiotic resistance,
decreased susceptibility to p-lactams due to PBP2x muta-
tion has been recently demonstrated and should then
be monitored in order to evaluate its potential clinical
impact [16]. In addition, in case of allergy or therapy fail-
ure, macrolides or lincosamides are generally considered
to be alternative options but resistance against them may
also become a problem, since it has already emerged in
numerous countries, like Greece [17], Hungary [18] and
especially China [19].

List of abbreviations
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aPTT Activated Partial Thromboplastin Clotting Time
CPAP Continuous Positive Airway Pressure

CRP C Reactive Protein

CSF Cerebro-Spinal Fluid

cT Computed Tomography

EEG Electroencephalogram

GAS Group A Streptococcus

ICU Intensive Care Unit

iGAS invasive Group A Streptococcus infection
INR International Normalized Ratio

MRI Magnetic Resonance Imaging

NAAT  Nucleic Acid Amplification Techniques

Neu Neutrophils
PT Prothrombin Time

RADT  Rapid Antigen Detection Tests

SpO2  Saturation of Peripheral Oxygen
STSS Streptococcal Toxic Shock Syndrome
vzv Varicella Zoster Virus

WBC White Blood Cells

WHO  World Health Organization
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