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Clinical and laboratory characteristics of patients
presenting to a tertiary care center emergency
department with invasive group A

streptococcal infections

Karly Dudar, MPH"; Shalyn Littlefield, MSc*; Meghan Garnett, MD"

CLINICIAN’S CAPSULE

What is known about the topic?

Ontario is experiencing an increase in invasive group A
streptococcal infections, with the highest incidence of
cases in Northwestern Ontario.

What did this study ask?

What are the clinical and laboratory characteristics of
patients presenting to the ED with invasive group A
streptococcal infections?

What did this study find?

Patients with invasive group A Streptococcus present with
mild tachycardia and tachypnea at triage, and a consist-
ently elevated C-reactive protein (CRP).

Why does this study matter to clinicians?

The CRP should be measured in suspected infections, but
clinical judgment should override reassuring vital signs
and laboratory values.

ABSTRACT

Objectives: The aim of this study was to describe the clinical
and laboratory characteristics of invasive group A streptococ-
cal infections in a geographic area that sees a high volume of
cases.

Methods: We conducted a health records review of consecu-
tive patients presenting to the Thunder Bay Regional Health
Sciences Centre Emergency Department (ED) in 2016-2017
with a diagnosis of invasive group A streptococcal infection
using ICD-10 codes. Patient demographics, host characteris-
tics, triage vital signs, laboratory values, culture sites, and dis-
position were described using univariate and bivariate
statistics.

Results: Forty-four adult cases were identified over 2 years,
with a median age of 44 years (interquartile range, 35-52).
The most prevalent risk factors were diabetes mellitus (45%),

current or previous alcohol abuse (39%), and current or previ-
ous intravenous drug use (34%). The two most abnormal tri-
age vitals signs were a heart rate > 100 beats per minute in
32 (73%) cases and a respiratory rate > 20 breaths per minute
in 27 (63%) cases. The temperature was >38°C in only 14
(32%) of cases. The C-reactive protein (CRP) was always ele-
vated when measured, and greater than 150 mg/L in 20
(71%) of cases. One-third of patients had an ED visit in the
preceding 7 days before the diagnosis of invasive group A
Streptococcus.

Conclusions: Invasive group A streptococcal infections often
present insidiously in adult patients with mild tachycardia
and tachypnea at triage. The CRP was the most consistently
abnormal laboratory investigation.

RESUME

Objectifs: L'étude visait a décrire les caractéristiques cliniques
des infections invasives a streptocoques du groupe A et les
résultats des analyses de laboratoire afférents, observés
dans une région frappée par un nombre élevé de cas.
Méthode: L'étude consistait en un examen des dossiers méd-
icaux de patients consécutifs, qui avaient consulté au service
des urgences (SU) du Thunder Bay Regional Health Sciences
Centre, en 2016 et 2017, et chez qui avait été posé un diagnostic
d'infection invasive a streptocoques du groupe A, selon les
codes de la CIM-10. Ont été recueillis des données démogra-
phiques ainsi que des renseignements sur les caractéristiques
de I'hote, les signes vitaux au moment du triage, les analyses
de laboratoire, les lieux de culture des préléevements ainsi que
les suites a donner; ces caractéristiques ont par la suite été
soumises a des analyses statistiques unidimensionnelles et
bidimensionnelles.

Résultats: Au total, 44 cas d’infection chez des adultes ont été
relevés au cours des deux années a I'étude, et I'age médian
des patients s’élevait a 44 ans (intervalle interquartile : 35—
52). Les facteurs de risque les plus fréquents étaient le diabéte
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sucré (45%); un usage abusif, présent ou passé, d'alcool (39%)
ou un usage abusif, présent ou passé, de drogues injectables
(34%). Les deux signes vitaux les plus anormaux au moment
du triage étaient une fréquence cardiaque > 100 battements
par minute dans 32 cas (73%) et une fréquence respiratoire >
20 respirations par minute dans 27 cas (63%). La température
était > 38°C dans 14 cas (32%) seulement. Le taux de protéine
C-réactive (CRP) était élevé dans tous les cas ou il avait été
mesuré, et il était supérieur a 150 mg/l dans 20 cas (71%).
Enfin, un tiers des patients avaient déja consulté au SU, au

Invasive group A Streptococcus

cours des 7 jours précédant la pose du diagnostic d’infection
invasive a streptocoques du groupe A.

Conclusion: Les infections invasives a streptocoques du
groupe A se manifestent souvent de maniere insidieuse chez
les adultes, accompagnées de tachycardie et de tachypnée
Iégéres au moment du triage. Par contre, le taux de CRP était
le résultat de laboratoire le plus souvent anormal.

Keywords: Infectious diseases, laboratory medicine, micro-
biology, rural medicine

INTRODUCTION

Group A Streptococcus, or Streptococcus pyogenes, is an
aerobic gram-positive coccus capable of producing
infection ranging from uncomplicated pharyngitis to
life-threatening necrotizing soft tissue infections.'™
Invasive group A streptococcal disease is defined as
“laboratory confirmation of infection with or without
clinical evidence of invasive disease” and “requires the
isolation of group A Streptococcus from a normally sterile
site”.% In Canada, invasive group A streptococcal infec-
tions have been nationally reportable in every province
and territory since 2000. Evidence from this reporting
system suggests that the rate of invasive group A strepto-
coccal infections has more than doubled since data
collection began.”

Group A streptococcal infections have the potential
to present insidiously early in the disease process, with
severity ranging from mild (e.g., cellulitis, streptococ-
cal pharyngitis) to life-threatening (e.g., necrotizing
soft tissue infection, streptococcal toxic shock syn-
drome).®” Necrotizing soft tissue infections are one
type of invasive group A streptococcal infection that
involve tissue destruction at the level of the fascia,
muscle, or skin.'” The Laboratory Risk Indicator for
Necrotizing Fasciitis (LRINEC) score was published
in 2004 as a laboratory-based scoring system to help
clinicians distinguish between necrotizing fasciitis
and non-necrotizing soft tissue infections.'"' The
importance of early diagnosis in invasive group A
streptococcal disease cannot be overstated, as these
infections can rapidly progress, even in healthy indivi-
duals, to severe sepsis with accompanying multi-organ
system failure.'” Public Health Ontario reports that
10.1% of invasive group A streptococcal infections in
2016-2017 were fatal."’

CJEM * JCMU

https://doi.org/10.1017/cem.2019.457 Published online by Cambridge University Press

Prior studies'*'¢ have described population demo-
graphics and risk factors associated with invasive group
A Streptococcus; however, there is a relative paucity of
data describing the clinical features of these patients
when they present to the emergency department (ED).
The purpose of this study was to describe the clinical
and laboratory characteristics of patients presenting
with invasive group A streptococcal infections to a ter-
tiary care center ED in a geographic area with a relatively
high volume of cases.

METHODS
Study design and time period

We conducted an electronic health records review of all
patients presenting to our hospital from January 2016 to
December 2017 inclusively with a final diagnosis of an
invasive group A streptococcal infection. The primary
author (K.D.) objectively extracted the data using a stan-
dardized Microsoft Excel spreadsheet with free text and
drop down lists, and was not blinded to the outcome. A
second data abstractor (M.G.) verified the accuracy of
the data recorded when questions arose, particularly
regarding the number of separate culture sites and ensur-
ing the case definition of invasive group A streptococcal
infection was met.

Study setting

Patients were eligible to be included in the study if they
presented to the Thunder Bay Regional Health Sciences
Centre (' BRHSC) ED. TBRHSC is the regional refer-
ral center for Northwestern Ontario and the closest hos-
pital for just over half of its citizens. Northwestern
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Ontario comprises approximately 47% of the land mass
in Ontario, but only 2% of its population (231,000 peo-
ple).!” Patients transferred from other centers who were
not first seen in our ED were excluded from the study as
their triage information was not accessible electronically.
This study was approved by the TBRHSC Research
Ethics Board.

Population

We included all adult and pediatric patients, regardless
of age, with a visit to our ED for invasive group A
streptococcal infection. Medical records were eligible
to be reviewed if they contained one of the ICD-10
codes listed in Online Appendix 1, based on the Public
Health Agency of Canada’s (PHAC) national case defin-
ition of invasive group A streptococcal disease.'® A nor-
mally sterile site was defined as blood, cerebrospinal
fluid, pleural fluid, peritoneal fluid, pericardial fluid,
deep tissue specimen taken during surgery, bone, or
synovial fluid. ED visits for streptococcal pharyngitis
(e.g.,J02.0, J03.0) were excluded from the study as they
did not meet the case definition for invasive disease.
Patients were also excluded if they had a superficial
group A Streptococcus wound culture or a non-necrotizing
skin or soft tissue infection.

Outcome measures

Our primary objective was to obtain demographic, clin-
ical, and laboratory characteristics of patients presenting
to the ED with invasive group A Streptococcus. Demo-
graphic data included date of birth, sex, and dwelling
type. Information regarding the visit, including date of
presentation, hospital length of stay, preceding ED visits
or hospitalizations, disposition, and death was collected.
Host characteristics such as immunization status,
methicillin-resistant Staphylococcus aureus (MRSA) col-
onization, pregnancy, diabetes mellitus, active cancer,
transplant recipient, human immunodeficiency virus
(HIV) status, alcohol abuse, and intravenous drug use
(IVDU) were gathered. We recorded the triage vital
signs, Canadian Triage Acuity Scale (CTAS) score, and
site(s) of group A Streptococcus culture. Finally, extracted
laboratory values were selected based on the LRINEC
score, which is comprised of the white blood cell
(WBC) count, hemoglobin (Hgb), sodium (Na), blood
glucose (BG), creatinine (Cr), and C-reactive protein
(CRP)."!
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Data analysis

Summary statistics were calculated for all observed vari-
ables, including mean, standard deviation (SD), median,
interquartile range (IQR), and range, where appropriate.
Analysis of variance and cross-tabulations were calcu-
lated to determine whether LRINEC score or the socio-
demographic characteristics of age and sex could predict
hospital length of stay. Missing data were dropped from
analysis. Data analysis was conducted using STATA 14
software.

RESULTS
Health characteristics

A total of 45 adult and pediatric cases were identified
over the 2-year period. There was only one pediatric
case in this sample, which was removed, leaving 44
adult cases for analysis. The median age of the adult sam-
ple was 44 years, and ranged from 21 to 92 years old, with
an IQR of 35 to 52 years. Thirty (68%) of the cases were
male. The relevant patient characteristics and past med-
ical history are listed in Table 1. The prevalence of dia-
betes mellitus and alcohol abuse in our sample was
substantially higher than in the population of North-
western Ontario.'” Two-thirds of the cases presented
in the fall and winter months. All but one case was admit-
ted to hospital, and of those 13 (30%) were admitted to
the intensive care unit (ICU). Six (14%) died before hos-
pital discharge. One-third of all cases had an ED visit in
the 7 days preceding their hospital admission for invasive
group A streptococcal disease. The national incidence of
invasive group A streptococcal infections in Canada was
6.0 per 100,000 in 2016 and 6.8 per 100,000 in 2017.7
Based on our adult and pediatric identified cases, the
incidence of invasive group A streptococcal disease in
the Thunder Bay region was 11.5 per 100,000 in 2016
and 25.5 per 100,000 in 2017.7°

Triage

The average adult patient in this sample presented as a
CTAS 2 with tachycardia and tachypnea, but was afeb-
rile, normotensive, and saturating well on room air
(Table 2). The mean presenting heart rate was 111
beats per minute (bpm), and median respiratory rate
was 20 breaths per minute. Thirty-two (73%) patients
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Table 1. Characteristics of the 44 adult patients with invasive
group A streptococcal infections

Characteristic N =44
Age, in years (median, IQR) 44 (35-52)
Male sex (%) 30 (68)
Past medical history (%)
Diabetes mellitus 20 (45)
Current or previous alcohol abuse 17 (39)
Current or previous VDU 15 (34)
MRSA colonization* 7 (27)
Pregnancy or peripartum 2 (5)
Active cancer 1(2)
HIV positive 1(2)
Immunosuppressive medications 1(2)
Transplant patient 1(2)

Immunization status
Dwelling type (%)

Home 20 (45)
Communal living or shelter 10 (23)
Apartment 7 (16)
Unknown 6 (14)
Long term care 1(2)
Month of infection (%)
January-March 13 (30)
April-June 8(18)
July-September 7 (16)
October-December 16 (36)
Hospitalized in preceding 30 days (%) 4(9)
ED visit in preceding 7 days (%) 15 (34)
Patient disposition and outcomes
Admitted to hospital (%) 43 (98)
Admitted to ICU (%) 13 (30)
Hospital length of stay, in days (mean, SD) 15 (£12)
Death before hospital discharge (%) 6 (14)

*MRSA colonization at the time of admission was missing in 18 cases.

were tachycardic with a heart rate > 100 bpm, and 27
(63%) were tachypnic with a respiratory rate>20
breaths per minute. Only 14 (32%) patients had a

Invasive group A Streptococcus

Table 3. Laboratory characteristics of the 44 adult patients
presenting with invasive group A streptococcal infections

Laboratory value (units) N =44 Abnormal (%)

WBC (x 109/L) (median, IQR)  16.7 (11.2-24.4) 19 (43) < 15

14 (32) 15-25
11(25) > 25
Hgb (g/L) (median, IQR) 117 (109-135) 11 (25) > 135
19 (43) 110-135
14 (32) < 110
Na (mmol/L) (mean, SD) 133 (6) 20 (45)>135
24 (55) < 135
BG (mmol/L) (median, IQR) 7.6 (6.0-9.9) 33(79 <10
(N=42) 9(21)>10
Cr (umol/L) (median, IQR) 115 (67-194) 26 (69) <141
18 (41) > 141
CRP (mg/L) (mean, SD) 249 (143) 8(29) < 150
(N=28) 20 (71)>150
LRINEC score* (median, IQR) 6 (4-9) 7(32)<5b
6 (27) 6-7
9(41)>8

*LRINEC score was only calculated for the 22 patients with a necrotizing soft tissue
infection.

temperature > 38°C tympanic, and there was one
hypothermic patient with a temperature < 35°C.
Three (7%) patients had a systolic blood pressure
< 100 mmHg.

Laboratory values and microbiological cultures

The mean and median laboratory values are listed in
Table 3. Most notably, the CRP was elevated in all
patients in whom it was measured, with a mean of
249 mg/L (SD 143) and range of 17-596 mg/L. There
were 55 microbiological cultures in 44 patients that
were positive for invasive group A Streptrococcus
(Table 4). Thirteen patients (30%) had more than one

Table 2. Triage vital signs and CTAS score of the 44 adult patients presenting with invasive group A streptococcal infections

Vital sign (units)

Systolic blood pressure (mmHg) (mean, SD)
Diastolic blood pressure (mmHg) (median, IQR)
Heart rate (bpm) (mean, SD)

Respiratory rate (/min) (median, IQR) (N = 43)
Temperature (°C) (mean, SD)

Oxygen saturation (%) (median, IQR) (N = 43)
CTAS score (median, IQR) (N =41)

N =44 Abnormal (%)*
126 (24) 3(7)
78 (64-85) 16 (36)
111(21) 32 (73)
20 (18-24) 27 (63)
37.3(1.5) 14 (32)
97 (95-98) 3(7)
2 (2-3) 24 (59)

* Systolic blood pressure < 100, diastolic blood pressure < 70, heart rate > 100, respiratory rate > 20, temperature > 38°C, oxygen saturation <92%, CTAS 1-2.
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Table 4. Sites of the 55 cultures positive for group A
Streptococcus

Site of culture (%) N =55
Skin and soft tissue 22 (50)
Blood 21 (48)
Synovial fluid 7 (16)
Sputum 2 (5)
Urine 2 (5)
Scrotum 1(2)

positive culture site. The majority of the cultures origi-
nated from the soft tissues and blood; in other words,
necrotizing soft tissue infections and sepsis were the
two most common invasive group A Streptococcus presen-
tations. Other diagnoses included septic joints, pneumo-
nia, urinary tract infections, and Fournier’s gangrene.

LRINEC score

There were 22 cases of necrotizing soft tissue infec-
tions. In these culture-confirmed cases, seven (32%)
had a low risk LRINEC score, six (27%) had a moder-
ate risk score, and nine (41%) had a high risk score for
necrotizing soft tissue infection. There was a statistic-
ally significant positive correlation between the
patient’s LRINEC score and hospital length of stay
(r=0.46; p<0.01) (Figure 1). All other comparisons
of association between patient characteristics and out-
comes were not statistically significant at an alpha

level of 0.05.
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Figure 1. Correlation between LRINEC score and hospital
length of stay.
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DISCUSSION

This study demonstrates the variable and oftentimes
insidious presentation of invasive group A streptococcal
disease to the ED. The nonspecific clinical picture of
early invasive group A streptococcal infections poten-
tially explains why one third of patients in our sample
had visited the ED in the week preceding the diagnosis,
challenging conventional thinking that these infections
are too rapidly progressive for ED visits to be separated
over a matter of days.

"The most consistently abnormal triage vital signs were
heart rate and respiratory rate, but only at 73% and 63 %,
respectively. Fewer patients in this study presented with
fever or hypotension, which are often considered the
classic features of bacterial infection and sepsis. The
absence of fever at triage may falsely reassure clinicians
about the probability of infection. Particular attention
should be paid to older adults, who have more difficulty
mounting a fever response, and may even present with
hypothermia in the context of infection.”’ The quick
sequential organ failure assessment (QSOFA) score,”” a
more recent tool introduced in 2016 to screen for sepsis
outside of the ICU, highlights the utility of tachypnea in
detecting serious infections.

As with the vital signs, laboratory results were also
highly variable among patients in this study; however,
the CRP was consistently elevated in all patients in
whom it was measured. In our ED, the CRP is the
only laboratory value in the LRINEC score that is not
listed in a checkbox on the order sheet, which explains
its less frequent measurement. It is possible that the
high mean CRP of 243 mg/L is inflated by the fact
that it was ordered in individuals who appeared sicker.

We chose to extract the laboratory values comprising
the LRINEC score, as, to the best of our knowledge,
there are not more robust scoring systems for detecting
invasive group A streptococcal infections, and we wanted
an evidence-based rationale for the laboratory values
studied. LRINEC scores were not consistently high
risk in our sample of patients with confirmed necrotizing
soft tissue infections, which is consistent with prior val-
idation studies.”>** The significant positive correlation
between the LRINEC score and hospital length of stay
more likely reflects the score’s ability to detect advanced
infections or patients with poorer baseline health status
(e.g., pre-existing chronic kidney disease or anemia)
who will naturally experience a longer recovery time,
rather than a sensitive tool to detect all cases.
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The observed incidence of invasive group A strepto-
coccal infections in our sample was 2—4 times greater
than the national rate. This is consistent with Public
Health Ontario’s Invasive Group A Streptococcal Dis-
ease in Ontario, 2016-2017 Seasonal Summary, which
showed that Northwestern Ontario had the highest
rate in the province, with an incidence of 60.1 and 41.7
per 100,000 in Northwestern Ontario and Thunder
Bay, respectively.'”> The mortality rate in our study
(14%) was also higher than the provincial rate (10%)
over the same time period. Our study showed an associ-
ation between invasive group A streptococcal infections
and diabetes mellitus and alcohol abuse, which is consist-
ent with a large population-based surveillance study in
Ontario.'* It is crucial for ED clinicians to recognize
these risk factors, given that the rates of these medical
conditions are significantly higher in Northwestern
Ontario compared with the provincial average. From a
public health standpoint, Northwestern Ontario would
benefit from improved access to primary health care
and more robust upstream preventative strategies, par-
ticularly for diabetes and alcohol abuse.”®

Future research should focus on developing a more
sensitive clinical tool for identifying invasive group A
streptococcal infections early, whether it be through a
clinical decision rule that takes into account patients’
risk factors or the bacteria’s virulence factors. Regions
with a high incidence of invasive group A streptococcal
disease should consider a follow-up appointment the
next day for high-risk patients who are suspected to
only have a simple infection at the time of discharge, a
mandatory call-back for any wound cultures that grow
Streptococcus pyogenes, and other center-dependent meth-
ods of close follow-up. Once a necrotizing soft tissue
infection is suspected, emergency physicians should
forego imaging and focus on obtaining surgical interven-
tion with the same expediency as they do for obtaining
angioplasty for ST-elevation myocardial infarctions
and thrombolytic therapy for acute ischemic strokes.

There were several limitations to this study. The big-
gest limitation was a lack of a comparison group, thus
limiting the conclusions that can be drawn about this
sample relative to the general population. Median LRI-
NEC scores in our cohort did not suggest a high risk for
necrotizing fasciitis in the majority of patients with
culture-proven invasive disease; however, eight of
these patients were missing a CRP. The data were retro-
spectively gathered and identified using ICD-10 codes;
it is possible that some cases were missed due to
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improper coding or concomitant diagnoses. We also
likely missed cases where cultures were taken after anti-
biotic administration or not done at all. We excluded
cases that first presented to another hospital, even if
they were transferred to our center, as we did not have
electronic access to all the details of their initial presen-
tation. Some of the data that we wanted to extract, par-
ticularly immunization status and MRSA colonization,
was unknown in many patients. Regretfully, we did
not collect data on imaging rates or operating room vis-
its. The triage respiratory rate and oxygen saturation
were not recorded in one very sick patient, and CTAS
score was missing in three patients, which may have
skewed our analysis in this small sample.

The overall clinical implication from this study is that
the clinician’s assessment must override objective values
such as triage vital signs, laboratory values, and scoring
systems when invasive group A streptococcal infections
are suspected. The heart rate and respiratory rate were
the most commonly abnormal triage vital signs, but
only in 73% and 63% of cases, respectively. The CRP
was the only laboratory value that was consistently, yet
variably, elevated when measured in this small sample
size. The LRINEC score was moderate or high-risk in
68% of culture-confirmed necrotizing soft tissue infec-
tions. Emergency physicians should be aware of the
risk factors for invasive group A streptococcal infections,
including diabetes mellitus and alcohol and drug misuse,
and promptly obtain surgical consultation when there is
clinical suspicion of a necrotizing soft tissue infection.

CONCLUSION

Despite its morbidity and mortality, invasive group A
streptococcal infections often present insidiously in
adult patients with only mild tachycardia and tachypnea
at triage. The CRP was the most consistently abnormal
laboratory investigation in patients with invasive group
A Streptococcus, and should be ordered when this disease
process is suspected. Emergency physicians should be
vigilant about the possibility of this disease in high-risk
populations such as patients with diabetes mellitus and
those who misuse alcohol and drugs.

Supplemental material: The supplemental material for this art-
icle can be found at https:/doi.org/10.1017/cem.2019.457.
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