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Abstract 

Background We describe a case of a toxic shock-like syndrome in a child, which was associated with Staphylococcus 
epidermidis instead of Staphylococcus aureus or Streptococcus pyogenes, the usual causes of toxic shock syndrome.

Case presentation The patient was an 8-year-old boy who developed a toxic shock syndrome-like illness, including 
fever, hypotension, and rash. The Staphylococcus epidermidis isolate was cultured from urine, but this organism was 
unavailable for toxin testing. Multiple blood cultures were negative. Instead, a highly novel assay was used on acute 
plasma from the patient which demonstrated the presence of the genes for superantigens, staphylococcal enterotox-
ins A, C, D, and E. Superantigens are the known causes of toxic shock syndrome.

Conclusions Our study suggests strongly that Staphylococcus epidermidis was causing the TSS symptoms through 
the known Staphylococcus aureus superantigens. It is unknown how many other such patients exist; this should be 
explored. Of great importance is that PCR performed directly on blood plasma in the absence of microbial isolation 
could be used to demonstrate superantigen genes.
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Background
Toxic shock syndrome (TSS) is a serious infection 
caused by Staphylococcus aureus [1, 2] and Streptococ-
cus pyogenes [3–5], with occasional cases associated with 
Groups B, C and G streptococci [6–9]. Superantigens, 
which include toxic shock syndrome toxin-1 (TSST-1), 
staphylococcal enterotoxin serotypes B and C, and strep-
tococcal pyrogenic exotoxin serotypes A and C, are the 
major causes of TSS [7, 8].

All menstrual TSS is caused by TSST-1 [10], most likely 
because of its ability to easily penetrate mucosal surfaces 
[11]. Staphylococcal enterotoxins B and C and strepto-
coccal pyrogenic exotoxins A and C, as well as TSST-1, 
are associated with non-menstrual TSS [7, 8, 12, 13].

Many coagulase-negative staphylococci have been 
examined for production of TSST-1 [14, 15]. However, 
none so far has been found to be positive for either the 
protein or the tstH gene that encodes the toxin. How-
ever, occasionally coagulase-negative staphylococci pro-
duce enterotoxins. The FRI909 organism, used by many 
researchers studying staphylococcal enterotoxins, to pro-
duce large quantities of staphylococcal enterotoxin C, is 
a coagulase-negative staphylococcus [16]. The produc-
tion of staphylococcal enterotoxins by coagulase-negative 
staphylococci raises the possibility that non-menstrual 
TSS cases may be associated with such organisms. This 
study presents a case in a male patient consistent with 
coagulase-negative staphylococcal TSS.
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Case presentation
An 8-year-old boy was admitted for a 1-day history of 
headache, vomiting, extreme fatigue and fever, initially 
102 °F, along with photophobia and hyperacusis. He 
complained once of sore throat, but had no abdomi-
nal pain, diarrhea, or urinary tract symptoms. Shortly 
before admission, his fever rose to 106.4 °F, accompa-
nied by confusion and hallucinations. Mild conjunctival 
injection and a petechial rash on the cheeks were seen 
on admission but resolved in less than 24 hours. He was 
briefly hypotensive with diastolic blood pressures as low 
as 37 mmHg; his hypotension responded to normal saline 
fluid boluses alone.

Initial laboratory studies (Table  1) were significant 
for white blood cell count of 21.0 (differential of 92% 
neutrophils, 1% bands, 2% lymphocytes, and 5% mono-
cytes). Platelet count was 164,000. Procalcitonin was 
elevated at 21.52 ng/mL, while C-reactive protein was 
elevated at 19.59 mg/dL. A creatinine level of 0.5 mg/dL 
was elevated for his weight, with his baseline later deter-
mined to be 0.34–0.37 mg/dL. Hepatic function testing 
was normal with the exception of alkaline phosphatase 
(Table 1). Creatine phosphokinase was mildly elevated at 
297 U/L. His albumin was normal upon admission (4.1 g/
dL) but dropped (to 2.3 g/dL) by day 4 of hospitalization. 
Coagulopathy was present on admission: prothrom-
bin time (PT) was 16.5 second with fibrinogen mildly 
elevated at 476 mg/dL. Elevated levels of interleukin-1β, 

interleukin-6, interleukin-8, and tumor necrosis factor-α 
were present in blood.

Admission blood culture (and multiple additional 
blood cultures) were negative, as was a nasal culture for 
S. aureus and Streptococcus pyogenes. Nasal cultures were 
done because the patient was orally intubated at the time 
of the infectious disease consultation, and throat swab 
for PCR or culture was not possible. There is precedent 
for using nasal cultures, as well as pharyngeal cultures, 
for detection of the Group A streptococcal carrier state 
[17]. Nasal swab for methicillin-resistant S. aureus by 
PCR was negative, as was a throat swab for Streptococ-
cus pyogenes by PCR. Urine culture (voided from a cir-
cumcised male) grew greater than 100,000 colonies/mL 
of S. epidermidis, resistant to oxacillin and penicillin, and 
sensitive to trimethoprim-sulfamethoxazole, gentamicin, 
and nitrofurantoin; urinalysis showed a specific gravity 
of 1.020, pH of 3.5, and dipstick positive for albumin and 
small ketones. Microscopic analysis showed 0–5 white 
blood cells and 0–2 red blood cells per high power field. 
After intubation for sedation and procedures, endotra-
cheal culture showed growth of only normal upper 
respiratory flora (Viridans group streptococci, gamma-
hemolytic streptococci, and Stomatococcus). A respira-
tory pathogen PCR panel (BioFire, St. Lake City, UT) was 
negative for adenovirus, Bordetella parapertussis and 
Bordetella pertussis, Chlamydia pneumoniae, coronavi-
ruses 229E, HKU1, NL63, OC43, SARS-CoV-2, human 

Table 1 Patient laboratory values on admission or as indicated

a Bold indicates patient values different from normal values

Laboratory Test Patient  Valuea Normal Range

White Blood Cell Count 21 × 103/mm3 4.5–11.0 ×  103/mm3

Neutrophils 92% 45–75%

Bands 1%

Lymphocytes 2% 16–46%

Monocytes 5% 4–11%

Platelets 164 × 103/μl; decreased to 100 × 103/μl by day 2 of 
hospitalization

130–400 ×  103/μl

Procalcitonin 21.52 ng/ml 0–0.09 ng/ml

C-reactive protein 19.59 mg/dL 0–0.5 mg/dL

Creatinine 0.5 mg/dL Baseline: 0.34–0.37 mg/dL

Creatine phosphokinase 297 U/L 21–232 U/L

Total Bilirubin 0.4 mg/dL 0–1.0 mg/dL

Alkaline Phosphatase 207 45–115 U/L

AST (Aspartate Aminotransferase) 30 U/L 0–40 U/L

ALT (Alanine Aminotransferase 20 U/L 10–55 U/L

Albumin 4.1 g/dL; decreased to 2.3 g/dL by day 4 of hospi-
talization

3.1–4.3 g/dL

Prothrombin Time (PT) 16.5 seconds 8.5–12.4 seconds

Fibrinogen 476 mg/dL 200–400 mg/dL
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metapneumovirus, influenza A and B, Mycoplasma 
pneumoniae, parainfluenza 1–4, and respiratory syncy-
tial virus and positive for rhinovirus/enterovirus, which 
did not appear to be clinically relevant. SARS-CoV-2 
antibody test was negative. Cell-free DNA metagenomic 
assay of plasma (Karius, Redwood City, CA) was negative.

Lumbar puncture obtained clear cerebrospinal fluid, 
with the following indices: 0 white blood cells, 2 red blood 
cells, glucose 78, and protein 15. Gram stain and bacte-
rial culture were negative; a meningitis/encephalitis PCR 
panel (Quest, Minneapolis, MN) was negative. Addition-
ally, serum herpes simplex virus DNA PCR was negative. 
Serum varicella zoster virus DNA PCR was not done.

The patient’s voided urine culture was initially con-
sidered a contaminant (despite its pure growth at high 
colony count), so treatment was directed against pos-
sible viral and bacterial causes of encephalopathy. This 
included vancomycin (hospital day 1–5), ceftriaxone 
(hospital day 1–8), clindamycin (hospital day 1–5), and 
acyclovir (hospital day 2–4). Doxycycline was begun on 
hospital day 4 and continued for a 10-day course, given 
concern for possible Chlamydia or Mycoplasma enceph-
alitis. In retrospect, doxycycline might well have been 
active against coagulase-negative staphylococci.

On the empirical therapy (vancomycin, ceftriaxone, 
clindamycin, and acyclovir), the patient became afebrile 
within 72 hours. White blood cell count had normalized 
to 7.1 by hospitalization day 2 (Table 1); at that time his 
platelet count reached its nadir (Table  1), and subse-
quently returned to normal. No intravenous immuno-
globulin or steroids were given. Plasma was obtained 
from residual of other ordered tests for later study.

Abdominal ultrasound on hospitalization day 3 showed 
mild right collecting system dilatation and an unremark-
able bladder. Besides the complete abdominal ultrasound, 
a negative chest X-ray was obtained on hospital day 1. 
Repeat chest X-ray (portable) showed perihilar and left 
basilar opacities, read as a combination of atelectasis and 
edema. Confusion and hallucination persisted after fever 
resolution and removal of sedation. MRI of the brain, 
including MRA and MRV, was negative.

Further neurological workup included negative cer-
ebrospinal fluid autoantibodies (AChR ganglionic 
neuronal, AMPA-R CBA, Amphiphysin, Antiglial 
nuclear [AGNA-1], Antineuronal nuclear [ANNA-
1], Antineuronal nuclear [ANNA-2], Antineuronal 
nuclear [ANNA-3], CASPR2 IgG CBA, CRMP-5 IgG, 
DPPX Ab IFA, GABA-B-R Ab IFA, GAD65, GFAP IFA, 
IgLONS IFA, LGI1 IgG CBA, mGlur1 Ab IFA, NIF IFA 
Ab, NMDA-R Ab CBA, N-type Calcium channel, P/Q 
Type Calcium channel, Purkinje Cell Cytoplasma Ab 
T1 [PCA-1], Purkinje Cell Cytoplasm Ab T2 [PCA-2], 

Purkinje Cell Cytoplasma Ab TTr [PCA-Tr], and 
Smooth Muscle) as performed by the Mayo Clinic Lab-
oratory. Additional autoimmune antibodies tested, not 
on the panel above, included: Proteinase 3 AB, Myelop-
eroxidase Ab, DNA double stranded Ab, and Rheuma-
toid factor. All were negative.

Since the patient presented with sepsis and encepha-
lopathy in Minnesota in October, tick-borne pathogens 
and arboviruses were considered. Arbovirus antibod-
ies were assayed in both serum and cerebrospinal fluid 
with negative results. Our arbovirus panel contains the 
following viruses: Eastern Equine, Lacrosse/California, 
St. Louis, and Western Equine. In addition, cerebrospi-
nal fluid assays for West Nile Virus IgG and IgM were 
negative. Tick-borne pathogen antibody panel and tick-
borne pathogen PCR panel (Mayo Clinic Laboratory), 
and Bartonella and Chlamydophila antibodies were 
negative. Mycoplasma serologies were repeated 3 weeks 
after the inpatient results were obtained. Mycoplasma 
IgG by IFA was negative both acutely and in convales-
cence; IgM was positive acutely and remained positive 
in convalescence. These results demonstrated that the 
initial IgM results were false-positive or cross-reactive.

Propofol and midazolam were used for sedation. No 
other CNS medications were used, as the boy’s senso-
rium gradually cleared after 7 days of hospitalization. 
He completed a 10-day course of ceftriaxone. Doxycy-
cline was also prescribed for 10 days to cover possible 
infection with either atypical bacteria or Staphylococcus 
species and completed as an outpatient. Seen in clinic 
4 weeks after discharge, he was fully recovered. Besides 
Mycoplasma serologies, SARS-CoV-2 and Lyme anti-
bodies were also repeated and remained negative.

Residual plasma was recovered and sent to author 
Patrick M. Schlievert where PCR analyses were per-
formed specifically for the superantigens, staphylo-
coccal enterotoxins A-E [18]. The positive control was 
DNA from S. aureus MN8, a menstrual TSS isolate. The 
blood plasma produced positive PCR results for staph-
ylococcal enterotoxins A, C, D, and E (Fig.  1A). There 
was a very faint band for staphylococcal enterotoxin B 
which likely results from staphylococcal enterotoxins 
B and C being 75% identical; thus there may be minor 
cross-reactivity [19]. There was no PCR product for the 
TSST-1 gene, suggesting the positive PCR results for 
other superantigens were not the result of nonspecific 
PCR reactions. The MN8 strain produces the superan-
tigens TSST-1 and staphylococcal enterotoxin A; the 
strain is negative for staphylococcal enterotoxins B, C, 
D, and E (Fig.  1B). Additionally, we have extensively 
performed PCR on urine and other body fluids from 
non-TSS individuals with no PCR products observed.
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Discussion and conclusions
Staphylococcus epidermidis and other coagulase-nega-
tive staphylococcal species are most often recognized as 
pathogens, either in prematurely born infants or in set-
tings of indwelling medical devices, including central 
lines or bladder catheters [20]. In the absence of such risk 
factors, certain coagulase-negative staphylococci such 
as S. saprophyticus are well recognized to cause urinary 
tract infections in young women [21]. S. epidermidis 
urinary tract infections in older adults, by contrast, are 
related to bladder catheterization and can be complicated 
by bacteremia [22]. Pediatric case reports suggest that S. 
epidermidis can cause pyelonephritis in children with no 
predisposing risk factors, and caution is warranted that 
this organism not be uniformly dismissed as a skin con-
taminant [23–25].

In our patient, with negative blood cultures, the ques-
tion remains as to the significance of the pure urine cul-
ture of S. epidermidis. Even if discounted as a cause of 
bacteriuria, its presence as a skin colonizer may hold 
clinical significance in this child, whose clinical pres-
entation including persistent hallucinations is consist-
ent with a toxigenic illness (toxic shock syndrome-like) 
[26], in whom no other convincing pathogen could be 
determined, and whose timing of clinical recovery was 

consistent with an expected response to antibiotics. Neu-
rologic abnormalities are common in cases of TSS [27]. 
It is formally possible, but highly unlikely, that there was 
some obscure locus of S. aureus infection which was not 
observed.

Coagulase-negative staphylococci may be under-
appreciated as a cause of toxic shock syndrome. It has 
been shown many times that such coagulase-negative 
staphylococci do not produce TSST-1 [14, 15]. However, 
coagulase-negative staphylococci are capable of secreting 
a number of staphylococcal enterotoxins and cytotoxins, 
normally produced by S. aureus [16, 20, 25].

The isolation of staphylococcal toxins from infant urine 
samples has been postulated as a possible marker of tran-
sient bacteremia [28]; toxin genes have been detected by 
multiplex PCR in S. aureus, both methicillin-sensitive 
and methicillin-resistant, causing urinary tract infections 
on a urology ward [29]. In our patient, the detection in 
plasma of staphylococcal superantigen genes in the pres-
ence of a urinary tract coagulase-negative staphylococ-
cus, with potential for producing such toxins, may point 
to a similar process. It is important that the genes for 
staphylococcal enterotoxins A, C, D, and E were detected 
in the plasma of the patient. Staphylococcal enterotox-
ins A, D, and E are highly related to each other, and the 

Fig. 1 PCR on (A) patient blood plasma and (B) S. aureus strain MN8 DNA for detection of staphylococcal superantigen genes encoding TSST-1 and 
staphylococcal enterotoxins (SEs) A, B, C, D, and E. Bands indicate the presence of PCR products for the indicated superantigen. Strain MN8 is known 
to have the genes for TSST-1 and SEA, but not SEB-SEE. MW = molecular weight standards. The gel shown has not been modified from its original 
appearance as photographed
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results possibly reflect cross-reactivity [7]. These three 
superantigens are typically produced in low concentra-
tions, usually in the nanogram to picogram per milliliter 
range [7]. As little at 0.1 μg of staphylococcal superanti-
gens can cause TSS symptoms [30].

On the other hand, the three major superantigens asso-
ciated with staphylococcal TSS are TSST-1 and staphylo-
coccal enterotoxins B and C; the gene for staphylococcal 
enterotoxin C was detected in the plasma of the patient 
in this report [7]. These latter three superantigens can be 
produced in concentrations up to 20,000 μg/ml in thin-
films as might be expected on many human body sites [31].

Many studies have addressed the mechanism by which 
superantigens cause TSS. All superantigens have the 
overall shape of a kidney bean of 35 × 50 angstroms [7]. 
Superantigens are typically viewed in standard structural 
displays with the kidney bean shape laying on its side 
with the two arms pointing up. All superantigens have 
the ability to bind to major histocompatibility complex 
II (MHC II) molecules with low affinity on the right side 
of the kidney bean, while some superantigens have this 
low affinity right side site but also have a high affinity 
MHC II site on the left side [7]. TSST-1 and staphylococ-
cal enterotoxins B and C bind only through the low affin-
ity MHC II site on antigen-presenting cells, that is then 
cross-bridged with T lymphocyte receptors of up to 50% 
of T cells [7, 8]. The T lymphocyte receptor site on supe-
rantigens is in the groove at the top of the kidney bean 
shape. These same three superantigens are produced in 
high amounts compared to other superantigens, as high 
as 15 mg/ml in biofilms, as might be present on human 
mucosal surfaces [31]. The consequence of the interac-
tion of these three superantigens with MHC II and T 
lymphocyte receptors is massive cytokine production, 
including interleukin-1β and tumor necrosis factors [7, 
8, 32]. These two cytokines then induce what is referred 
to as the “original” cytokine storm in humans, including 
fever (interleukin-1β) and hypotension (tumor necrosis 
factors-α and β), the major clinical features of TSS and 
as observed in the patient in this report [33]. TSST-1 
appears to interact strongly with another immune co-
stimulatory receptor on epithelial cells (CD40) that 
explains its unique association with menstrual TSS [11].

Staphylococcal enterotoxins A, D, and E, like all 
superantigens, interact with the low affinity MHC II 
receptor on antigen-presenting cells, but these three 
superantigens have the additional high-affinity MHC 
II receptor on antigen-presenting cells (left side of the 
kidney bean shape) [7, 8]. All three also interact with T 
lymphocyte receptors. The presence of the high affin-
ity MHC II site increases the activity of these superan-
tigens by 10-fold compared to TSST-1 and enterotoxins 

B and C, but likely not enough to offset their being 
expressed by staphylococci in only low amounts (< 1 μg/
ml) [8]. These latter three superantigens may thus be 
more important as colonization factors than agents 
produced in high enough concentration to cause TSS [34].

Of overall key importance to our study is that nei-
ther S. aureus nor Streptococcus pyogenes, the two clas-
sic causes of TSS, was isolated from the patient. The 
patient in this study had an infection with S. epider-
midis. Although superantigen proteins were not iso-
lated from the bloodstream, four superantigen genes 
were detected in the plasma. This suggests strongly 
that the coagulase-negative staphylococcus found in 
the urine was causing the TSS symptoms through the 
known S. aureus superantigens. It is unknown how 
many other such patients exist, but this should be 
explored in subsequent studies. The final highly impor-
tant finding from this study is that PCR performed 
directly on plasma in the absence of microbial isolation 
can be used to demonstrate superantigen genes.

Abbreviations
S. aureus                     Staphylococcus aureus
S. epidermidis            Staphylococcus epidermidis
S. saprophyticus        Staphylococcus saprophyticus
TSS               Toxic shock syndrome
TSST-1               Toxic shock syndrome toxin-1
SPEs               Streptococcal pyrogenic exotoxins
tstH               toxic shock syndrome toxin-1 gene
PT               Prothrombin time
U/L               Units per liter
PCR               Polymerase chain reaction
TMP-SMZ               Trimethoprim-sulfamethoxazole
SARS-CoV-2              COVID-19 virus
Ig              Immunoglobulin
MHC               Major histocompatibility complex
MW               Molecular weight
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