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Abstract

Background: Among children with pharyngitis who test positive for group A Streptococcus 

(GAS), 10–25% are GAS carriers. Current laboratory methods cannot distinguish acute infection 

from colonization.

Methods: We examined two separate longitudinal studies of children with symptomatic 

pharyngitis associated with a positive GAS throat culture (illness culture). In cohort 1, children 

presented with pharyngitis symptoms to a clinician, then had follow-up cultures at regular 

intervals. In cohort 2, throat cultures were performed at regular intervals and with pharyngitis 

symptoms. Illness cultures were categorized as acute infection or carrier based on follow-up 

culture results. In cohort 2, carriers were further categorized as a GAS carrier with a new emm

type or a GAS carrier with a previous emm-type based on typing data from prior culture results. 

For each cohort, we then compared symptoms at the time of illness culture between carriers and 

those with acute infection.

Results: Cohort 1 (N=75 illness cultures): 87% of the children were classified as acutely infected 

versus 13% carriers. Carriers were more likely to have upper respiratory (URI) symptoms (OR: 

5.5; 95%CI:1.4–22.1), headache (OR: 6.0; 95%CI:1.2–40.5) or vomiting (OR:5.5; 95%CI:1.2–

24.5). Cohort 2 (N=122 illness cultures): 79% were acutely infected and 21% were carriers. 

Children determined to be carriers with a previous emm-type were more likely to have URI 

symptoms compared to those with acquisition of a new emm-type.

Conclusion: Children with symptomatic pharyngitis and GAS on throat culture who were 

identified as carriers were more likely to present with URI and atypical symptoms than children 

who were identified as acutely infected.
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Introduction

Between 10–25% of school-aged children with pharyngitis who test positive for group A 

Streptococcus (GAS) are actually colonized with GAS in their oropharynx and have a viral 

etiology for their symptoms.(1–3) Both the Infectious Disease Society of America (IDSA) 

and the American Academy of Pediatrics (AAP) do not support the routine use of GAS 

testing or antibiotics for children who are suspected GAS carriers as they are less likely to 

spread the bacteria, to have suppurative complications or to develop acute rheumatic fever 

compared to children with acute GAS infection(4–11). Yet, children colonized with GAS are 

more likely to experience unnecessary antibiotic exposure, school absences and healthcare 

utilization than other children.(12, 13) Thus, efforts to more accurately distinguish children 

with GAS colonization from those with acute infection are increasingly important.

The challenge in the clinical setting is that clinicians are unlikely to know whether a child 

presenting with symptomatic pharyngitis is colonized with GAS.(4) This is because GAS 

colonization is typically identified after the occurrence of multiple, sequential, symptomatic 

episodes with repetitive, positive GAS testing even after appropriate antibiotic treatment.(2, 

4, 14, 15) Thus, to limit GAS testing overall and the overtreatment of GAS colonized 

children, previous studies and guidelines have focused on clinical symptoms and physical 

exam signs to determine which children with pharyngitis have a high pre-test probability for 

a positive GAS throat culture and thus warrant GAS testing.(4, 16, 17) For example, current 

IDSA guidelines recommend against GAS testing in children with pharyngitis who have 

upper respiratory infection (URI) symptoms.(10) Despite this recommendation, however, as 

many as 63% of children who receive GAS testing have at least one URI symptom.(18) 

Thus, accurate interpretation of a positive GAS test and subsequential management may also 

be important to limiting the overtreatment of children with GAS colonization.

To this end, it is unknown whether a child’s clinical symptoms and signs can be used to 

distinguish those with GAS acute infection from colonization in the context of a positive 

GAS test. Such findings could potentially be used to inform the decision to treat a child 

with pharyngitis. Therefore, with this study, we aimed to use data from two prospective, 

longitudinal cohorts of school-aged children with symptomatic pharyngitis and positive 

GAS throat cultures to identify associations between symptoms at the time of testing and 

GAS colonization or acute infection. We hypothesized that children who are colonized with 

GAS would present with more URI symptoms, which could be used to distinguish them 

from children with acute GAS pharyngitis.

Methods

This was a retrospective study examining previously collected data from two prospective, 

longitudinal cohorts of school-aged children (ages 5–15) for whom serial throat cultures and 

symptom assessments were obtained.

Cohort 1: Acute Illness Study

A longitudinal pediatric office-based study was conducted from May 2005 to May 2008 

to examine the natural history of GAS infections following a clinician diagnosis of 
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streptococcal pharyngitis. Study participants were recruited from a pediatric private practice 

associated with University of Pittsburgh Medical Center Children’s Hospital of Pittsburgh 

(CHP) who presented with acute symptoms of pharyngitis and received clinician-driven 

testing for GAS with a Rapid Streptococcal Antigen test (RST). Children between five 

and fifteen years of age with a positive RST test were enrolled and clinical symptoms, 

physical exam findings and confirmatory throat cultures were obtained. Each participant was 

followed approximately every two weeks for up to five visits. Clinical symptoms, physical 

exam findings, and throat cultures were obtained at each visit using standardized data 

collection forms. Children unable to tolerate repeated specimen collection were withdrawn 

from the study.

Cohort 2: Surveillance Study

A longitudinal school-based study of the epidemiology of GAS in school-aged children 

was conducted each September to May from 1998 to 2003. Detailed study methods have 

previously been published. (3) Study participants were recruited from a private, tuition

supported, elementary school (kindergarten through grade 8) in Pittsburgh, Pennsylvania that 

served 285 children. Children between five and fifteen years of age who enrolled in the 

study engaged in on-site study visits every two weeks during the school-year. In addition, 

by parental request, acute illness visits were conducted if at least one clinical symptom was 

present. At each visit, positive and negative clinical symptoms and physical exam findings 

were recorded on a standardized data form similar to Cohort 1 and throat cultures were 

obtained.

Symptom and Sign Characterization

All symptoms were documented based on patient/parent report. Sore throat was reported as 

mild, moderate or severe. Symptoms including fever, headache, vomiting, abdominal pain, 

congestion/rhinorrhea, and cough were reported as present or absent. Activity was reported 

as normal, moderately reduced, or severely reduced. Duration of symptoms was reported in 

days. In Cohort 1, abnormal pharyngeal exam was documented as present if the clinician 

identified any pharyngeal erythema and/or exudates on physical exam. For Cohort 2, a 

more detailed pharyngeal exam was recorded including specific documentation of present 

or absent erythema, enanthem, edema, petechiae or exudates present on the uvula, palate, 

tonsils or tongue. For this study, presence of any one sign was considered as an abnormal 

pharyngeal exam.

Specimen Processing

For both cohorts, throat specimens were obtained using a sterile, flexible throat swab in 

the standard fashion using a Dacron swab and an Aimes Transport Media. Specimens were 

processed with standard methods. (3) Emm-typing was performed on all GAS isolates from 

children who participated in Cohort 2 as detailed in the parent study. (3) All children in 

Cohort 1 were prescribed antibiotics at study entry. In Cohort 2, the majority of children 

with clinical symptoms and a positive illness cultures were prescribed antibiotics. A subset 

of suspected GAS carriers did not receive antibiotics at the time of a positive throat culture 

as they were presumed to be colonized with these bacteria. Treatment for follow-up positive 
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throat cultures was determined based on the presence or absence of symptoms, parent 

preference and provider assessment.

Throat Culture Inclusion and Exclusion Criteria

Because of the differences in the design of the two studies it was determined a priori that 

the cohorts could not be combined. However, inclusion and exclusion criteria for this report 

were created to identify children who had throat cultures obtained at the time of an illness 

who also had a sufficient number of longitudinal throat cultures to allow differentiation of 

those with acute infection versus colonization. Throat cultures were included as “illness 

cultures” if all of the following were present: 1) a child reported sore throat, 2) the 

throat culture was positive for GAS, and 3) there were at least two follow-up throat 

cultures performed between 7–21 days and 22–35 days after the first throat culture. Illness 

encounters were excluded if the throat culture did not demonstrate GAS, if the child had 

no signs/symptoms at time of collection, if there were inadequate follow-up study visits, 

or if the two follow-up throat cultures had discordant results (positive/negative or negative/

positive). Since children in Cohort 2 were followed for at least nine months, multiple illness 

episodes from the same child were included and treated as independent events as long as 

the culture was not included as a follow-up culture for another illness episode (i.e. minimum 

timer interval of 36 days between illness episodes).

Acute Infection and Carrier Case Definitions

After identifying illness cultures for Cohort 1 and Cohort 2, each encounter was categorized 

as reflecting a child with acute infection or colonization. As there is no universally accepted, 

non-serologic-based definition to distinguish acute infection versus colonization with GAS, 

the following case definitions were used.(4) For Cohort 1 and 2, acute infection was defined 

as a positive throat culture for GAS obtained while symptomatic with two negative follow

up cultures suggesting clearance. Carrier was defined as a child with a positive throat 

culture for GAS obtained while symptomatic with two positive follow-up throat cultures 

suggesting GAS colonization. For Cohort 1, it was not possible to distinguish children 

with acute infection who then developed colonization from children with colonization that 

persisted before, during and after illness culture as throat cultures prior to the illness 

culture were not available. However, for Cohort 2, throat cultures proceeding the illness 

culture were available, thus carriers were sub-classified based on emm-type data for positive 

cultures. A GAS carrier who had acute infection followed by colonization was identified if 

they acquired a new GAS emm-type on illness throat culture, which then persisted on two 

follow-up cultures. A GAS carrier with a previous emm-type was identified if they had a 

persistent GAS emm-type identified on throat cultures preceding the illness, during illness 

and the two follow-up cultures after the illness.

Statistical Analyses

Descriptive statistics were used to characterize demographics and symptoms for both 

cohorts. Fisher’s exact tests were used to obtain odds ratios estimating the magnitude and 

significance of associations for clinical symptoms between those with acute infection and 

carriers (Cohort 1), GAS carrier with a new emm-type and GAS carrier with a previous 
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emm-type (Cohort 2), GAS carrier with a new emm-type and acute infection (Cohort 2) 

and GAS carrier with a previous emm-type and acute infection (Cohort 2). Finally, we 

estimated sensitivity, specificity and area under the receiver operating curve (AUC) for URI 

symptoms in discriminating carrier from acute infection (Cohort 1). An alpha less than 0.05 

was considered significant for all statistical tests.

The Institutional Review Board of the University of Pittsburgh approved both studies at the 

time of data collection and subsequently approved use of this data for this analysis. Legal 

guardians of study participants provided written informed consent for the original studies.

Results

Cohort 1:

A total of 163 children contributed 645 throat cultures to this longitudinal study. 

Demographics of this group are presented in Table 1. Seventy-five cultures met our inclusion 

criteria as an illness culture (Figure 1). Sixty-five (87%) illness episodes were characterized 

as acute infection, while 10 (13%) were characterized as carriers. Demographics including 

age, race, and gender were similar across acute and carrier states and all children were 

prescribed antibiotics (Table 1). Children who reported clinical symptoms of headache, 

abdominal pain, vomiting, nasal congestion and one or two URI symptoms were more 

likely to be carriers than those with acute infection (Table 2). There were no differences in 

symptom reporting for fever, sore throat, cough, or symptom duration or in identification of 

abnormal pharyngeal exam.

Cohort 2:

A total of 145 children contributed 7247 throat cultures from 1998 to 2003. We identified 

120 illness throat cultures that met our inclusion criteria (Figure 1) from 75 children who 

contributed an average of 1.6 illness study visits [range 1–5]. Ninety-six (79%) encounters 

were characterized as acute infection, while 26 (21%) cultures were characterized as 

carriers. Demographics were similar across acute and carrier states and compared to Cohort 

1 (Table 1). 107 (88%) of these episodes were prescribed antibiotics; some children were not 

treated with an antibiotic if they were a suspected GAS carrier.

In Cohort 2, two carriers could not be sub-classified as a GAS carrier with a new or 

previous emm-type as they were newly enrolled in the study at time of illness culture. Of 

the remaining carriers, twelve (50%) children had acquired new GAS emm-types at time 

of illness that then persisted on follow-up cultures. The other twelve (50%) children had 

a positive illness culture with a GAS emm-type already identified on previous cultures 

and persisted on follow-up cultures. Symptom comparison of GAS carriers with new and 

previous emm-types identified that previous emm-type carriers were more likely to have 

mild sore throat as well as cough and/or nasal congestion compared to new emm-type 

carriers (Table 3). Similar differences in URI symptoms were found when comparing GAS 

carriers with a previous emm-type to children with acute infection (Supplementary Table 1). 

Finally, no symptom differences were identified when comparing GAS carriers with a new 

emm-type to children with acute infection (Supplementary Table 2).
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Sensitivity and Specificity

Presence of nasal congestion had the highest AUC (0.75) with a sensitivity of 60% and 

specificity of 91% for identification of carriers among symptomatic children with positive 

GAS cultures (Table 4). Presence of two URI symptoms improved specificity to greater than 

95%, but decreased sensitivity to only 30%.

Discussion

Using two independent longitudinal cohorts of school-aged children, we demonstrate that 

among children with symptomatic pharyngitis and positive GAS cultures, presence of one 

or more URI symptoms is associated with children who are classified as GAS carriers 

compared to those with acute infection. In Cohort 1, which most closely mimics clinical 

practice as provider discretion drove GAS testing, we identified that presence of URI 

symptoms had modest predictive value in distinguishing children with colonization from 

those with acute infection. Furthermore, we identified that colonized children were more 

likely to have other constitutional symptoms including abdominal pain, vomiting, and 

headache. Similar findings with even more nuanced insight were identified in the analysis of 

children in Cohort 2. In this cohort, we were able to differentiate the presenting symptoms 

of children who had established colonization with the same GAS emm-type prior to, 

during and after illness and those with acute infection with a new GAS emm-type who 

developed post-treatment colonization. While the former was more likely to present with 

URI symptoms at time of illness compared to the latter or compared to children with 

acute infection, the latter had indistinguishable symptoms compared to children with acute 

infection. This adds nuance to our findings that a child with a positive GAS test who 

presents with pharyngitis and URI symptoms is more likely to be a child with established 

GAS colonization with the same emm-type compared a child with acute GAS infection 

regardless of whether or not the child later develops colonization.

These data support the IDSA guidelines that children presenting with URI symptoms should 

not be tested for GAS.(10) Not only do these symptoms suggest a viral etiology, but our 

data confirms that a positive diagnostic test among children with these symptoms is more 

likely to reflect established colonization with GAS. Yet, there are numerous reasons why 

a child with URI symptoms will be tested for GAS including testing that is driven by 

chief-complaint, provider experience or parent preference.(18) We identify that presence 

of both cough and nasal congestion among children with a positive GAS test was 95.4% 

(95%CI: 87.1–99.0%) specific for being a GAS carrier. Clinicians could use these data to 

engage families in shared decision-making about the risks and benefits of testing and of 

antibiotic treatment. By choosing to not test or treat children with URI symptoms, providers 

can help to reduce antibiotic use with relatively low risk of encountering GAS complications 

such as suppurative infections or rheumatic fever.(4, 19)

It is important to emphasize that antimicrobial therapy for children who acquire a new 

GAS emm-type is warranted. While treatment may not prevent development of GAS 

colonization, it will reduce the risk of complications from GAS such as rheumatic fever, 

which are increased when infection with a new emm-type occurs.(10, 11) Our data from 

Cohort 2 suggests that all children who acquired an infection with a new GAS emm-type, 
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regardless of subsequent clearance or colonization, presented with similar symptoms and 

were less likely to have URI symptoms. Thus, providers following IDSA guidelines will 

likely identify and treat such children as part of their regular practice. (10)

Previous decision-rules for children with pharyngitis have focused on symptom presentation 

to predict positive GAS throat culture and to guide the decision for testing.(20) Absence 

of URI symptoms is frequently identified as predictive of a positive GAS throat culture. 

(16, 17) For example, Wald et al found that presence of pharyngitis and fever and absence 

of viral features (conjunctivitis, rhinorrhea or cough) predicted positive throat cultures in 

72% of children.(16) Similarly, the Centor Score, which assigns points for patients who 

present with fever, tonsillar exudates and swollen/tender anterior cervical lymph nodes, and 

absence of cough, accurately predicts a positive GAS throat culture in 56% of people with 

a maximum score of four(17). Similar to other GAS decision-rules, we identified that URI 

symptoms are also important for distinguishing carriers from children with acute infection 

and may useful for the decision to treat.

There are several other important limitations of this study. First, despite two moderately 

sized cohorts, our strict case definitions limited our ability to effectively examine 

combinations of symptoms in multivariate prediction models. Despite this, we still identified 

clear symptom differences between children colonized with GAS and those acutely infected 

with modest test characteristics. Although our data is derived from work originally 

completed in the 1990s and early 2000s, this does not limit their utility to provide clinical 

insights into this otherwise challenging study population. In the absence of serologic data 

to measure immune response to define the carrier state, we used rigorous culture case 

definitions including emm-typing data to help to differentiate children with acute infection 

and colonization. Additionally, the two included cohorts had fundamental differences in 

study design, thus limiting our ability to combine datasets. However, by examining these 

cohorts separately, we leveraged the strengths of each study to provide more nuanced 

insight. Cohort 1, which is more representative of the population encountered by clinicians, 

provides more generalizable findings for clinical practice. Cohort 2, which provides in

depth characterization of carriers that would otherwise be unobtainable in general practice, 

provides nuanced insight into clinical symptoms revealing the important distinction between 

children who are GAS carriers with a new versus a previous emm-type.

Conclusion

We identify that children who are GAS carriers are more likely to have URI symptoms at 

illness presentation than those with acute infection, thus supporting the IDSA guidelines 

that children with prominent URI symptoms should not be tested for GAS. (4, 10) Novel 

strategies at the point of care that distinguish children with acute infection from those with 

colonization or who will become colonized are needed. As sore throat remains one of the 

most common pediatric complaints, improving diagnostic and decision support for clinicians 

for the distinction of GAS infection and colonization is important to optimize the benefits 

and minimize risks of antimicrobial therapy.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Flow diagram of throat cultures: Cohort 1 (Acute Illness) and Cohort 2 (Surveillance). 

Acute infection or carrier classification based on two negative or positive follow-up cultures, 

respectively. Cohort 2 carriers sub-classified as having colonization with new or previous 

group A Streptococcus (GAS) emm-types based on throat cultures proceeding illness.
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Table 1.

Demographic and treatment characteristics of children enrolled in Cohort 1: Acute Illness Study and Cohort 

2: Surveillance Study who presented with clinical symptoms and had a positive group A Streptococcus throat 

culture.

Characteristic Cohort 1
1

N=75

Cohort 2
N=122

Age, years, mean (SD), [range] 9.1 (2.8) [5–15] 9.2 (2.3) [5–15]

Gender
Male
Female

37 (49)
38 (51)

63 (52)
59 (48)

Race
Caucasian
Black
Other

66 (88)
4 (5)
5 (7)

90 (74)
10 (8)
22 (18)

Antibiotic Type
Amoxicillin
Penicillin/Penicillin VK
Other
None

70 (93)
3 (4)
2 (3)
0 (0)

76 (62)
18 (15)
13 (11)
15 (12)

1
Columns N(%) except where otherwise specified.
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Table 2:

Comparison of Cohort 1 sign and symptom characteristics at time of illness presentation for children with 

group A Streptococcus acute infection and colonization.

Symptom Characteristics Acute Infection
1

N=65

Carrier
N=10 OR

2
 (95% CI

3
)

Sore Throat
4 Mild

Moderate
Severe

26 (40)
31 (48)
8 (12)

3 (30)
5 (50)
2 (20)

ref
1.4 (0.3–6.4)
2.2 (0.3–15.3)

Abnormal Pharyngeal Exam
5 56 (86) 10 (100) No estimate

Fever
4 28 (43) 6 (60) 2.0 (0.5–7.7)

Headache
4 26 (40) 8 (80) 6.0 (1.2–40.5)

Abdominal Pain
4 16 (25) 6 (60) 4.6 (1.1–18.4)

Vomiting
4 7 (11) 4 (40) 5.5 (1.2–24.5)

Activity
4 Normal

Moderate
Severe

24 (37)
28 (43)
13 (20)

2 (20)
5 (50)
3 (30)

ref
2.1 (0.4–12.1)
2.8 (0.4–18.7)

Cough
4 11 (17) 3 (30) 2.1 (0.5–9.4)

Nasal Congestion
4 6 (9) 6 (60) 14.8 (3.2–67.3)

One URI
6
 Symptom

7 14 (21) 6 (60) 5.5 (1.4–22.1)

Two URI Symptoms
7 3 (5) 3 (30) 8.9 (1.5–52.6)

Symptom Duration
4
≤72 hours

59/63 (94) 10 (100) ref

>72 hours 4/63 (6) 0 (0) No estimate

1
Columns N (%) except where otherwise specified.

2
OR: odds ratio; estimated using Fisher’s exact test

3
CI: confidence interval

4
Patient/parent reported

5
Presence of either pharyngeal erythema or exudates as noted by trained research staff.

6
URI: upper respiratory infection

7
Symptoms include cough or nasal congestion.
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Table 3.

Comparison of Cohort 2 sign and symptom characteristics at time of illness presentation for children with 

GAS
1
 colonization with a new GAS emm-type and those with a previous GAS emm-type.

Symptom Characteristics New GAS emm-type Carrier
2

N=11
3

Previous GAS emm-type Carrier

N=10
3 OR

4
 (95% CI

5
)

Sore Throat
6
    Mild

   Moderate/Severe

0 (0)
11 (100)

5 (50)
5 (50)

ref
No estimate

Abnormal Pharyngeal Exam
7 8 (73) 8 (80) 1.5 (0.2–11.5)

Fever
6 2 (18) 1 (10) 0.5 (0.0–6.5)

Headache
6 3 (27) 0 (0) No estimate

Abdominal Pain
6 2 (18) 1 (10) 0.5 (0.0–6.5)

Vomiting
6 2 (18) 0 (0) No estimate

Activity
6
    Normal

     Decreased

7 (64)
4 (36)

9 (90)
1 (10)

ref
0.2 (0.0–2.2)

Cough
6,8 3 (27) 7 (78) 9.3 (1.2–73.0)

Nasal Congestion
6 4 (36) 8 (80) 7.0 (1.0–50.6)

One URI
9
 Symptom

10 5 (45) 9 (90) 10.8 (1.0–117.0)

Two URI Symptoms
10 2 (18) 6 (67) 9 (1.1–71.0)

1
GAS: group A Streptococcus

2
Columns N (%) except where otherwise specified.

3
One child with new GAS emm-type carriage and two children with established GAS emm-type carriage had missing symptom data and were 

excluded from this comparison.

4
OR: odds ratio; estimated using Fisher’s exact test

5
CI: confidence interval

6
Patient/parent reported

7
Presence of erythema, enanthem, edema, petechiae or exudates present on the uvula, palate, tonsils or tongue as noted by trained research staff.

8
Missing cough data on one child

9
URI: upper respiratory infection

10
Symptoms include cough or nasal congestion
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Table 4.

Sensitivity and specificity with 95% CI of upper respiratory symptoms in Cohort 1 for the identification of 

symptomatic children with group A Streptococcus colonization.

Symptom Characteristics Sensitivity Specificity AUC
1

Cough 30.0 (6.6–65.2) 83.1 (71.7–91.2) 0.57

Nasal congestion 60.0 (26.2–87.8) 90.8 (81.0–96.5) 0.75

Cough or nasal congestion 60.0 (26.2–87.8) 78.5 (66.5–87.7) 0.69

Cough and nasal congestion 30.0 (6.6–65.2) 95.4 (87.1–99.0) 0.63

1
AUC: area under the receiver operating curve

Pediatr Infect Dis J. Author manuscript; available in PMC 2021 August 13.


	Abstract
	Introduction
	Methods
	Cohort 1: Acute Illness Study
	Cohort 2: Surveillance Study
	Symptom and Sign Characterization
	Specimen Processing
	Throat Culture Inclusion and Exclusion Criteria
	Acute Infection and Carrier Case Definitions
	Statistical Analyses

	Results
	Cohort 1:
	Cohort 2:
	Sensitivity and Specificity

	Discussion
	Conclusion

	References
	Figure 1.
	Table 1.
	Table 2:
	Table 3.
	Table 4.

