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SYNOPSIS

Data are limited on the incidence and management of
streptococcal toxic shock syndrome (TSS) and non-
streptococcal TSS in children. We aimed to define the
clinical patterns of TSS at Nationwide Children’s Hospi-
tal in Ohio as they relate to published criteria, diagnostic
decisions, and treatment options. Through retrospec-
tive chart reviews, we identified 58 patients with TSS
(27 streptococcal, 31 nonstreptococcal) during January
2010—September 2017. We observed clinical and labo-
ratory findings that are not part of TSS criteria, such as
pyuria in streptococcal TSS (50% of patients) and pul-
monary involvement (85%) and coagulopathy (92%) in
nonstreptococcal TSS patients. Recommended treat-
ment with clindamycin and intravenous immunoglobulin
was delayed in streptococcal TSS patients without rash
(3.37 days vs. 0.87 days in patients with rash), leading
to prolonged hospitalization and complications. Incorpo-
ration of additional TSS signs and symptoms would be
helpful in TSS diagnosis and management.

Toxic shock syndrome (TSS) is a severe acute illness
caused by toxin-producing strains of Streptococcus
pyogenes (streptococcal TSS [STSS]) and Staphylococcus
aureus (nonstreptococcal TSS [NSTSS]) (1-5). Data are
limited on the incidence, management, and outcomes
for children with TSS (6-8). Most epidemiologic and
clinical studies of TSS have reported predominantly
streptococcal cases. The incidence of severe strepto-
coccal infections, including TSS, has been increasing
in North America since the 1990s. Studies from the
United States and Canada report incidence rates of
3.8-10.24 invasive group A Streptococcus (GAS) cases
per 100,000 persons per year (9,10). Reported death
rates vary from 4.2% to 56% for STSS (2,3,7,8,11-15)
and are up to 22% for NSTSS (3,12).

The uncontrolled cytokine stimulation by bacte-
rial toxins results in several clinical manifestations of
TSS, such as hypotension, fever, rash, and organ dys-
function (3,8). On the basis of these clinical signs, the
Centers for Disease Control and Prevention (CDC)
defined criteria for TSS and updated these criteria in
2010 for STSS and in 2011 for NSTSS (4,5). Despite rec-
ognition of illness and CDC disease definitions, TSS
diagnosis remains challenging because some clinical
findings, such as hypotension, could be transient and
some, such as rash, might be absent.

CDC criteria do not differentiate between chil-
dren and adults. In children, differentiating TSS from
septic shock, Kawasaki disease with shock, and drug
reaction with eosinophilia and systemic symptoms
syndrome poses additional challenges (3,16). In ad-
dition to these diagnostic difficulties, challenges and
controversies exist for managing TSS. Our objective
was to differentiate the clinical patterns of TSS in
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children in a large tertiary center as they relate to
published criteria, diagnostic decisions, and treat-
ment options.

Methods

The Nationwide Children’s Hospital Institutional
Review Board approved the study. We queried elec-
tronic medical records during January 2010-Decem-
ber 2017 for diagnosis codes from the International
Classification of Diseases, 10th Revision, for toxic
shock syndrome, severe sepsis with septic shock,
GAS bacteremia, and necrotizing fasciitis. The addi-
tion of diagnoses other than TSS helped us identify 7
STSS patients who were discharged with diagnoses
of sepsis and septic shock. In addition to discharge
and admission diagnoses, we considered any diag-
nosis during the hospitalization period associated
with these billing codes. We also reviewed pread-
mission records related to the admission diagnoses.
We included patients in the study if their illness met
criteria for definite or probable TSS. Where all CDC
criteria for either STSS or NSTSS were fulfilled, we
defined cases as definite (4,5). Where a single crite-
rion was missing because of incomplete data or be-
cause GAS was isolated from a nonsterile site, we
classified the case as probable (4). Data collected
were age, seX, height, weight, body mass index, date
of presentation, and clinical signs and symptoms
(Table 1). We also collected duration of hospital-
ization; use and type of antimicrobial agents; use
and timing of clindamycin, intravenous immuno-
globulin (IVIg), or both after initial evaluation; and
clinical outcomes, including mechanical intubation,
amputation, and death. We reviewed several admis-
sion laboratory and radiologic parameters: complete
blood count, urinalysis, blood urea nitrogen, cre-
atinine, estimated glomerular filtration rate, alanine
transaminase, aspartate transaminase, total biliru-
bin, creatinine kinase, coagulation studies, and chest
radiographs. We also reviewed additional studies
and any imaging study done during the hospitaliza-
tion period that identified possible sites and sources
of infection.

Statistical Analysis

We compared the demographic, clinical, laboratory,
and treatment data between patients with STSS and
NSTSS. We used Student ¢ tests to compare normally
distributed continuous variables between STSS and
NSTSS groups, the Wilcoxon rank-sum test to ana-
lyze skewed continuous variables, and a Fisher exact
test to analyze categorical variables. Continuous vari-
ables are presented as means with SDs for normally

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 26, No. 6, June 2020



Toxic Shock Syndrome in Children

Table 1. Characteristics of patients with STSS and NSTSS, Nationwide Children’s Hospital, Columbus, Ohio, USA, 2010-2017*

Characteristict STSS,n=27 NSTSS, n =31 Total, N = 58 p value
Demographic
Sex, no. (%)
F 15 (55.6) 21 (67.7) 36 (62.1) 0.42
M 12 (44.4) 10 (32.3)
Mean age, y (SD) 9.4 (5.9) 13.2 (4.1) 11.4 (5.3) <0.05
Mean BMI (SD) 18.9 (4.9) 22.7 (7.9) 20.9 (6.9) <0.05
Clinical findings
Vomiting 18 (66.7) 26 (83.9) 44 (75.9) 0.22
Diarrhea 9 (33.3) 14 (45.2) 23 (39.7) 0.43
Myalgia 9(37.5) 12 (44.4) 21 (41.2) 0.78
Fever at presentation, mean (SD) 39.5(0.8) 39.6 (0.6) 39.5 (0.7) 0.65
Generalized erythematous rash 14 (51.9) 30 (96.8) 44 (75.9) <0.05
Desquamation 6 (22.2) 14 (45.2) 20 (34.5) 0.1
Altered mental status 10 (41.7) 11 (36.7) 21 (38.9) 0.83
Fasciitis/tissue necrosis 5(20.0) 1(3.3) 6 (10.9) 0.08
Pharyngeal hyperemia 6 (22.2) 23 (74.2) 29 (50.0) <0.05
Pulmonary Infiltrates 22 (88.0) 19 (61.3) 41 (73.2) <0.05
PPV and inotropic support 25 (92.6) 29 (93.5) 54 (93.1) 1.0
Capillary leakt 21 (84.0) 18 (58.1) 39 (69.6) <0.05
Admission laboratory findings§
Thrombocyte count, x 10%/uL, mean (SD) 120.1 (81.6) 119.2 (76.9) 119.6 (78.4) 0.97
Abnormal coagulation tests, PT, PTT, INR, s, n = 49 24 (100) 23 (92.0) 47 (95.9) 0.49
Pyuria, n = 24 12 (50.0) 12 (50.0) 24 (50.0) 1.00
BUN, mg/dL, median (IQR), n = 57 14 (8-26) 13 (11-41) 14 (11-27) 0.73
Creatinine, g/day median (IQR) 0.8 (0.5-1.2) 0.9 (0.7-2.0) 0.8 (0.5-1.6) 0.12
eGFR, mL/min/m?, mean (SD) 72.8 (34.2) 71.9 (39.8) 72.3 (37.0) 0.93
ALT, U/L, median (IQR) 49 (28-129) 40 (29-95) 47 (29-95) 0.55
AST, U/L, median (IQR) 52 (28-132) 52 (25-84) 52 (28-102) 0.62
Total bilirubin, md/dL, median (IQR), n = 57 0.9 (0.5-1.6) 0.9 (0.4-1.8) 0.9 (0.4-1.6) 0.79
CPK, U/L, median (IQR), n =17 154 (73-674) 130 (67-304) 137 (69-304) 0.67
Treatment
IVlg and clindamycin 14 (51.9%) 14 (45.2) 28 (48.3) <0.05
Clindamycin only 8 (29.6%) 16 (51.6) 24 (41.4)
IVIg only 0 (0.0%) 1(3.2) 1(1.7)
Neither 1VIg nor clindamycin 5 (18.5%) 0 5 (8.6)

*ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen; CPK, creatinine phosphokinase;
eGFR, estimated glomerular filtration rate; INR, international normalized ratio; IQR, interquartile range; IVIg, intravenous immunoglobulin; NSTSS,
nonstreptococcal TSS; PPV, positive pressure ventilation; PT, prothrombin time; PTT, partial thromboplastin time; STSS, streptococcal TSS; TSS, toxic

shock syndrome.

tTContinuous variables are presented as means with SDs; categorical variables are presented as counts with percentages. If data were not available for

all patients, the number of patients is indicated.

fCapillary leak indicates hypotension, hypoalbuminemia, and hemoconcentration.

§Reference values: thrombocyte count, 140-440 x 10%/uL; PT, 12.4-14.7 s;

PTT, 24-36 s; INR, <1.1; BUN, 5-18 mg/dL; creatinine, varies by patient age

and sex; eGFR, >60 mL/min/1.73 m? ALT, <40 U/L); AST, 15-50 U/L); bilirubin, 0.1-1.0 mg/dL; CPK, 37-430 U/L.

distributed variables and as median and interquartile
range for skewed variables; categorical variables are
presented as counts with percentages.

We conducted all analyses on log-transformed
values of the time from admission outcomes to sat-
isfy model assumptions. We used Student ¢ tests to
compare STSS with NSTSS and a linear mixed model
to compare groups of antimicrobial drugs. For ease of
interpretation, raw means and SDs are presented for
each group, and the mean difference of the log-trans-
formed values are presented as the ratio of geometric
means with 95% CI.

Results

During the study period, 456 patients had diagnosis
codes of TSS, severe sepsis with septic shock, GAS
bacteremia, and necrotizing fasciitis at admission,
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discharge, or both. Our review of electronic medical
records indicated that illnesses of 58 patients met the
CDC diagnostic criteria for TSS. None of the patients
had a prolonged preadmission course that would af-
fect their treatment start time. Twenty-seven (47 %)
patients had STSS and 31 (53%) had NSTSS. Of the
STSS patients, 16 had confirmed and 11 had probable
STSS. Of the NSTSS patients, 11 had confirmed and 20
had probable NSTSS.

Clinical and Laboratory Findings

Fever was not always documented during initial ex-
aminations, although most patients had history of
fever requiring antipyretic medication or had fever
develop during hospitalization (Table 1). Vomiting
and rash were present in most patients with TSS.
However, of the 27 patients with STSS, 13 (48%) had
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no rash. Altered mental status was observed in ~40%
of patients.

Of patients with confirmed STSS, GAS was iso-
lated from blood (3 patients), deep tissue (4 patients
from necrotic tongue, subdural empyema, orbital ab-
scess, and sinus aspirations), pleural fluid and deep
endotracheal tube suction (4 patients), peritoneal
fluid (1 patient), endotracheal tube suction and blood
(3 patients), and urine and blood (1 patient). Patients
with probable STSS had GAS obtained from rapid
streptococcal screening test and throat cultures. Pa-
tients with NSTSS had staphylococci isolated from
skin lesions and abscesses (10 patients); sterile sites,
including bone (3 patients); urine (1 patient); and vag-
inal and genital area swab samples (7 patients).

Several patients with NSTSS, for which only
thrombocytopenia is listed in the hematologic cat-
egory of the CDC definition, had other coagulation
abnormalities. Of 25 patients who had coagulation
tests on admission, 17 (68%) had increased prothrom-
bin time, 7 (28%) had increased prothrombin and par-
tial thromboplastin time, and 1 patient had prolonged
partial thromboplastin time.

Inflammatory markers were not tested in all
patients at admission. For the 20 patients for whom
erythrocyte sedimentation rate (ESR) was tested on
admission, median ESR was 22 mm/h (IQR 15.0-36.0
mm/h; reference 0-13 mm/h). ESR levels were high-
er in patients with STSS. Of 15 patients with NSTSS,
median ESR was 22 mm/h (IQR 15.0-32.5 mm/h); of
5 patients with STSS, median ESR was 36 mm/h (IQR
14.5-39 mm/h). Of 34 patients for whom C-reactive
protein (CRP) was tested on admission, median CRP
was 12.75 mg/dL (IQR 6.8-23.8 mg/dL; reference
<1.2mg/dL). Of 18 patients with NSTSS, median CRP
was 8.3 mg/dL (IQR 5.8-20.6 mg/dL), and of 16 pa-
tients with STSS, median CRP was 20.4 mg/dL (IQR
6.9-26.3mg/dL). CRP levels were significantly higher
for patients with STSS than for those with NSTSS (p
= 0.0443).

Pulmonary infiltrates were present in most (42
patients) patients with TSS at diagnosis and admis-
sion. Only 7 (12%) patients had primary admission
and discharge diagnoses for pneumonia. Median ar-
terial oxygen partial pressure to fractional inspired
oxygen (PaO2:FiO2) ratio was also decreased in these
patients. Of the 31 patients with NSTSS, for which

pulmonary involvement is not a CDC diagnostic cri-
terion, 19 (61%) had diffuse pulmonary infiltrates.

Of the clinical criteria listed for TSS and NSTSS
and evaluated on admission, creatine phosphokinase
was not elevated in the 17 patients for whom results
were available. Similarly, renal and hepatic involve-
ment criteria for both STSS and NSTSS did not vary
significantly from age-based normal values for most
of the patients. Twelve (21%) patients had elevated
alanine transaminase, 14 (24%) had elevated aspar-
tate transaminase, and 17 (29%) had elevated serum
creatinine. However, pyuria (>10 leukocytes/high-
power field), which is not a CDC clinical criterion for
STSS, was present in half the patients with STSS who
had a urinalysis on admission (median urine leuko-
cyte count 17.5/high-power field). We also reviewed
microbiological studies. For 21 (68%) patients with
NSTSS, Staphylococcus aureus grew from superficial
and sterile site cultures.

We found significant differences between pa-
tients with STSS and NSTSS. Patients with STSS were
significantly younger, had lower body mass index,
were less likely to have an erythematous rash, and
had more capillary leak and pulmonary infiltrates
at presentation. Patients with NSTSS were less likely
to have pulmonary infiltrates and capillary leak and
to have less tissue necrosis or mental status changes
(Table 1).

Management of Patients
Patients with NSTSS received clindamycin and IVIg
sooner than patients with STSS. Five patients who
did not receive clindamycin or IVIg had STSS. Pa-
tients with NSTSS stayed ~57% fewer inpatient days
(Tables 1, 2; Appendix, https://wwwnc.cdec.gov/
EID/article/26/6/19-0783-Appl.pdf). One patient
had necrotizing infection of the tongue that was
promptly recognized and operatively debrided. One
patient with STSS died. We examined the differences
between patients receiving only clindamycin, only
IVIg, both, or neither. None of the outcomes differed
significantly among groups (Appendix).
Management of STSS patients with rash differed
from management of those without rash. We found
no difference in the requirement for vasopressor
support between patients with or without rash, yet
clindamycin was initiated =66% sooner for patients

Table 2. Time from hospital admission for patients who had streptococcal toxic shock syndrome with and without rash and treatments
received, Nationwide Children’s Hospital, Columbus, Ohio, USA, 2010-2017

Time from admission, d Rash, mean (£ SD) No rash, mean (+ SD) Ratio of geometric means (95% CI) p value
Start of antimicrobial drugs 0.45 (0.49) 1.08 (1.57) 0.47 (0.16-1.40) 0.17
Start of clindamycin 0.87 (0.61) 3.37 (2.36) 0.24 (0.10-0.59) <0.05
Start of intravenous immunoglobulin 1.47 (0.60) 1.48 (0.49) 0.97 (0.58-1.60) 0.89
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with rash than for patients without rash (Table 2). Pa-
tients with STSS and without a rash had longer hospi-
tal stays than did those with rash. Clindamycin with
or without IVIg infusion was delayed in treatment of
STSS patients without rash, and for 5 patients (19% of
patients without rash), neither clindamycin nor IVIg
was administered.

Discussion

Data are limited on the incidence and management of
children with TSS (3,8). Our large, single-institution
retrospective analysis of 58 cases showed similarities
and unexpected findings among children with TSS. In
comparison with patients with NSTSS, children with
STSS were younger, experienced more severe illness
with higher rates of capillary leak and pulmonary
symptoms, and had longer hospital stays. Similar to
our findings, STSS has been associated with more se-
vere disease and worse outcomes than NSTSS in the
literature (2,3,7,8,15,17). Unlike our findings, those
studies do not indicate whether late recognition and
treatment of STSS in patients without rash played any
role in the reported disease outcomes and hospital-
ization duration.

Case definitions for streptococcal and NSTSS
are generally designed to optimize specificity rather
than sensitivity. Our data suggest that unified crite-
ria for TSS, rather than separate criteria for STSS and
NSTSS, might improve sensitivity. We found that cer-
tain clinical and laboratory findings were common in
both STSS and NSTSS but only included in the case
definition of one or the other. First, although pyuria
is a criterion for NSTSS but not for STSS (4,5), half the
urinalyses performed in both groups demonstrated
pyuria. Second, acute respiratory distress syndrome
is a criterion for STSS but not for NSTSS. However,
61% of the patients in our study with NSTSS had dif-
fuse pulmonary infiltrates and decreased PaO2:FiO2
ratio <200. Finally, coagulation abnormalities are in-
cluded in the case definition of STSS but not NSTSS,
yet most patients in both groups had abnormalities.
The pulmonary involvement, pyuria, and coagula-
tion abnormalities were common and were observed
at admission. Case definitions are generally designed
to have high specificity, sometimes at the expense
of sensitivity. If the relatively inexpensive evalua-
tion methods, such as urinalysis, chest radiograph,
Pa02:FiO2 ratio of <200 and coagulation panels were
incorporated into TSS evaluations, our data suggest
that they might have aided accurate and timely di-
agnosis. Consideration of these additional organ dys-
functions, and considering TSS as a unifying diagno-
sis rather than as STSS and NSTSS, could potentially
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strengthen the conclusive diagnosis rather than dis-
crediting it.

Data from published literature illustrate the
importance of prompt recognition of TSS and early
treatment (7,18-24). Complementary treatment with
clindamycin improves the survival of patients with
STSS by reducing toxin release (7,18-24). Although
IVIg is suggested as a possible adjunctive agent,
published patient outcomes have varied (24-28).
IVIg functions by inhibiting T-cell activation that
would result in decreased cytokine release, down-
regulation of adhesion molecules, chemokine and
chemokine-receptor expression, and neutralization of
superantigens (25-28). In some studies, IVIg did not
show significant benefit in treatment of patients with
STSS (20,24,29). One report that pooled 5 studies of
clindamycin and IVIg treatment for STSS showed the
death rates decreased from 33.7% to 15.7% (30). We
did not identify significant differences in hospital-
ization rates and duration of mechanical ventilation
among patients treated with or without IVIg. Fewer
than half the patients in our study received clindamy-
cin and IVIg. Similarly, only 50%-67% of patients
with severe GAS infection have received clindamycin
(2,18,20,24). Our results suggest that the lack of ap-
propriate treatment may be associated with absence
of rash at the time of presentation. In our study, in
STSS patients without rash, sepsis alone was often
diagnosed, and the patients were not treated with
clindamycin or IVIg. These patients also experienced
delays in diagnosis and had longer hospital stays
than those with a rash.

Our study had several limitations. Although
Nationwide Children’s Hospital serves almost all of
central Ohio’s children, our data were not population
based and were from 1 pediatric center. We might not
have identified all patients with NSTSS because we
were unable to review individual charts for patients
with staphylococcal bacteremia if they did not have
additional diagnoses of sepsis or septic shock. De-
spite our efforts to capture the clinical and laboratory
changes at the time of initial evaluation, the duration
of illness, as well as rapidly changing signs such as
rash, might not have been accurately recorded in the
patient charts, which would affect the overall diagno-
sis and possibly lead to misclassification of patients.
In addition, because of the retrospective nature of our
study, none of the bacterial isolates were archived for
further typing or microbiological analysis.

Our findings indicate organ system involvement
in TSS beyond that predicted by existing CDC crite-
ria. Because clinicians appear to rely on archetypal
presentations of TSS (e.g., fever, hypotension, and
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rash) to diagnose TSS, updated clinical and diagnostic
criteria would facilitate early accurate diagnosis and
treatment. Physicians should be aware of TSS presen-
tations without rash. Furthermore, the updated crite-
ria may benefit from a unifying definition.
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