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Summary Objectives: Besides group A streptococcus (GAS), microbial causes of pharyngitis
in children are not well known. We aimed to document the viral and bacterial aetiology of
pharyngitis and to assess the pathogenic role of viruses by determining the myxovirus resis-
tance protein A (MxA) in the blood as a marker of interferon response.
Methods: In this prospective observational study, throat swabs and blood samples were
collected from children (age 1e16 years) presenting to the emergency department with febrile
pharyngitis. Microbial cause was sought by bacterial culture, polymerase chain reaction, and
serology. Blood MxA level was determined.
Results: A potential pathogen was detected in 88% of 83 patients: GAS alone in 10%, GAS and
viruses in 13%, group C or G streptococci alone in 2% and together with viruses in 3%, and vi-
ruses alone in 59% of cases. Enteroviruses, rhinoviruses, and adenoviruses were the most
of Paediatrics and Adolescent Medicine, Turku University Hospital, FIN-20520 Turku, Finland. Fax:

u.fi (L. Ivaska), jukani@utu.fi (J. Niemel€a), nojoaa@utu.fi (J. Lempainen), riikka.osterback@utu.fi
aris), tyvuori@utu.fi (T. Vuorinen), jukhyt@utu.fi (J. Hytönen), Kaisu.Rantakokko-Jalava@tyks.fi
(V. Peltola).

.01.002
n Association. Published by Elsevier Ltd. All rights reserved.

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:lauri.ivaska@utu.fi
mailto:jukani@utu.fi
mailto:nojoaa@utu.fi
mailto:riikka.osterback@utu.fi
mailto:mwaris@utu.fi
mailto:tyvuori@utu.fi
mailto:jukhyt@utu.fi
mailto:Kaisu.Rantakokko-Jalava@tyks.fi
mailto:vilpel@utu.fi
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2017.01.002&domain=pdf
http://dx.doi.org/10.1016/j.jinf.2017.01.002
http://www.elsevierhealth.com/journals/jinf
http://dx.doi.org/10.1016/j.jinf.2017.01.002
http://dx.doi.org/10.1016/j.jinf.2017.01.002


386 L. Ivaska et al.
frequently detected viruses. Blood MxA levels were higher in children with viral (880 [245
e1250] mg/L; median [IQR]) or concomitant GAS-viral (340 [150e710] mg/L) than in those with
sole GAS (105 [80e160] mg/L) infections.
Conclusions: Detection of respiratory viruses simultaneously with elevated blood MxA levels
supports the causative role of viruses in the majority of children with pharyngitis.
ª 2017 The British Infection Association. Published by Elsevier Ltd. All rights reserved.
Introduction

Acute pharyngitis accounts for a substantial portion of visits
to physicians in outpatient setting.1e4 Group A strepto-
coccus (GAS) is the only common bacterial cause of pharyn-
gitis justifying antimicrobial treatment according to current
guidelines.5,6 However, overuse of antibiotics for pharyn-
gitis occurs both in children and adults.7e10 Non-GAS phar-
yngitis is suggested to be mainly a viral infection,11e13 but
only a few comprehensive studies have evaluated the
microbiological aetiology of the disease in the paediatric
population.14e18 There is a lack of studies addressing the
viral aetiology of pharyngitis in children and adolescents
by molecular diagnostic methods.

The prevalence of asymptomatic streptococcal carriage
in the oropharynx complicates the causal interpretation of
GAS findings in children with symptomatic pharyngitis.19,20

In addition, the significance of respiratory virus detection
by polymerase chain reaction (PCR) has been questioned
because of frequent virus findings in asymptomatic sub-
jects.21,22 Among patients with positive viral PCR results,
low cycle threshold (CT) and serological response can indi-
cate true infections. An alternative approach distinguishes
between viral and bacterial infections by differences in
the biomarker blood concentrations or host gene expression
patterns.23e25

The aim of this study was to document the microbial
causes of acute pharyngitis in children and adolescents in
an outpatient setting and to evaluate the causative role of
viruses by determining myxovirus resistance protein A (MxA)
and other biomarker levels.
Materials and methods

Study design and patients

This prospective observational study was conducted at the
Department of Emergency Services, Turku University Hos-
pital, Turku, Finland from November 25, 2013 through
January 31, 2015. The Department of Emergency Services
(ED) serves as a walk-in clinic with approximately 25,000
yearly visits by patients under the age of 17. Children or
adolescents aged 1e16 years with acute febrile pharyngitis
were eligible for the study. There were no exclusion criteria
in the study. The study protocol and inclusion criteria were
introduced to ED physicians who diagnosed acute pharyn-
gitis, defined as exudates or intensive redness in the
tonsils/oropharynx and fever (body temperature �38 �C
measured at the ED or reported by the parents during the
current illness episode). The patients were treated accord-
ing to the judgement of the attending ED physician. Local
guidelines recommend oral phenoxymethylpenicillin as the
first line and cephalexin as the second line antimicrobial
therapy for microbiologically proven GAS pharyngitis.

At enrolment, the patient’s symptoms and their dura-
tion, clinical examination findings, preceding illnesses and
vaccinations, and underlying conditions were recorded, and
oropharyngeal swab samples and blood sample were ob-
tained. Symptom diary cards were given to the parents of
the participating children. Each family was contacted by
telephone after the enrolment visit to record the duration
of the patient’s symptoms. Follow-up calls were continued
every second day until the fever and soreness of the throat
had resolved. All patients were invited to a follow-up visit
approximately 2e4 weeks after the enrolment. At the
follow-up visit, possible symptoms and clinical findings
were recorded, and an oropharyngeal swab sample and
blood sample for paired serology were obtained.

The Ethics Committee of the Hospital District of South-
west Finland approved the study protocol. The legal
guardians of all participating children and adolescents
and the adolescent patients themselves gave their written,
informed consent.
Collection of oropharyngeal samples

At enrolment, oropharyngeal samples were collected in
standardized order by rubbing the swabs against both
tonsils. Throat swabs were handled as follows: 1) The
sample for bacterial culture was collected by a flocked
swab that was put immediately after the collection in a
tube with liquid transport media (ESwab, Copan, Brescia,
Italy) and transferred to the Department of Clinical Micro-
biology, Turku University Hospital. 2) The sample for virus
PCR was collected by a flocked swab (Copan, Brescia, Italy)
and transferred in a dry, clean tube to the Department of
Clinical Virology, Turku University Hospital. At the follow-
up visit, a study physician collected a flocked swab sample
for virus PCR.
Bacterial analyses

Fifty microlitres from the vortexed ESwab was inoculated
on streptococcal-selective blood agar, on standard blood,
McLeod, and Fastidious anaerobe agars as well as in a
streptococcal-selective broth, followed by subculture on
streptococcal-selective blood agar. Beta haemolytic strep-
tococci and other colonies of interest were identified by
standard methods, including MALDI-TOF (Bruker Daltonics,
Bremen, Germany).

Anti-streptolysin O (ASO) antibody levels were deter-
mined using the RapiTex� ASL kit (Siemens Healthcare Diag-
nostics Products GmbH, Marburg, Germany) according to
the manufacturer’s instructions.



Table 1 Characteristics of 83 patients with febrile
pharyngitis.

Characteristic No. (%)

Age group, y

1e4 40 (48.2)
5e8 16 (19.3)
9e12 10 (12.0)
13e16 17 (20.5)
Underlying conditions

None 70 (84.3)
Asthma 9 (10.8)
Othera 4 (4.8)
Symptoms at presentation

Fever (�38 �C) 83 (100.0)
Sore throatb 70 (94.6)
Cough 38 (45.8)
Rhinitis 35 (42.2)
Rash 8 (9.6)
Conjunctivitis 6 (7.2)
Diarrhoea 8 (9.6)
Time between fever onset and study enrolment

0 to <1 day 29 (34.9)
1 to <3 days 32 (38.6)
3 to <7 days 18 (21.7)
�7 days 4 (4.8)
Number of previous pharyngitis episodes reported by

parents

None 58 (69.9)
1 11 (13.3)
2e3 5 (6.0)
4e5 6 (7.2)
Missing information 3 (3.6)
Clinical findings (reported by the physician)

Oropharyngeal/tonsillar exudates 47 (57)
Intensive oropharyngeal redness 61 (74)
Cervical lymphadenopathy 51 (61)
a Includes cardiological (n Z 1) and neurological (n Z 1) con-

ditions, ankylosing spondylitis (n Z 1), and vitiligo (n Z 1).
b Number of applicable patients n Z 74.
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Viral analyses

The pharyngeal swab was suspended into phosphate-
buffered saline, and nucleic acids were extracted using
the NucliSENS easyMag (bioMerieux, Boxtel, The
Netherlands) automated extractor. The Anyplex II RV16
multiplex PCR system (Seegene, Seoul, Korea) was used for
the detection of influenza A and B viruses, respiratory
syncytial virus (RSV) groups A and B, adenovirus, meta-
pneumovirus, coronaviruses 229E, NL63, and OC43, para-
influenza virus types 1 to 4, rhinoviruses, enteroviruses, and
bocavirus. In addition, a laboratory-developed PCR assay
was used for the detection of rhinoviruses and enterovi-
ruses.26 All amplifications were performed using Rotor-Gene
6000 or Qiagen Q (Qiagen, Hilden, Germany) instruments.

All enterovirus- and adenovirus-positive specimens were
subjected to genotyping by PCR amplification of the partial
gene region of the enterovirus VP1 protein region27 or the
adenovirus hexon protein.28 The amplicons were purified
with the ExoSAP protocol and sequenced at GATC Biotech
(Constance, Germany), and the obtained sequences were
analysed with the NCBI Basic Local Alignment Tool.

Paired serum samples were stored at �70 �C until
analysed. Commercial test kits were used for the detection
of IgG and IgM antibodies to Mycoplasma pneumoniae (Lab-
systems Diagnostics, Vantaa, Finland) and EpsteineBarr vi-
rus (EBV) (Vidas, bioMerieux, Marcy l’�Etoile, France)
according to the manufacturers’ instructions. IgG anti-
bodies against adenovirus, enteroviruses, influenza A and
B viruses, parainfluenza virus types 1, 2, and 3, and RSV
were analysed by in-house enzyme immunoassays routinely
used in the virus diagnostic laboratory.29,30 A m-capture
enzyme immunoassay was used to measure enterovirus-
specific IgM antibodies. A mixture of coxsackievirus A16,
coxsackievirus B3 and echovirus 11 antigens was used in
IgG and IgM tests for enteroviruses.31

Biomarkers

Whole blood, plasma, and serum samples for biomarker
level determinations were collected during the enrolment
visit by antecubital venepuncture. The white blood cell
count and plasma levels of C-reactive protein (CRP) and
procalcitonin (PCT) were determined in the hospital central
laboratory. Whole blood samples for MxA measurement
were transported to the laboratory where samples were
diluted 1:20 in hypotonic buffer and stored at �70 �C until
the EIA analysis was performed as described earlier.32

Serum samples for tumour necrosis factor (TNF)-related
apoptosis-inducing ligand (TRAIL) level determination
were stored at �70 �C until the analysis by ELISA (Human
TRAIL, Quantikine, R&D Systems Inc., Minneapolis, USA) ac-
cording to the manufacturer’s protocol. Optical density was
determined using a microplate reader set to 450 nm with
wavelength correction at 570 nm.

Data analyses

For the statistical comparison, all patients enrolled in the
study were classified in two etiological groups: Patients with
GAS (diagnosis based on bacterial culture) or GAS-viral
pharyngitis were classified as GAS, and patients with all
other aetiologies, or with undetermined aetiology, were
classified as non-GAS. The groupswere compared by thec2 or
ManneWhitney U tests. The areas under the receiver oper-
ating characteristic (ROC) curve were determined for bio-
markers. Furthermore, patients were classified according
to their microbial findings in six separate groups for the
descriptive analysis. All analyses were performed using IBM
SPSS Statistics, version 22 (IBM Corp., Armonk, NY, USA).
Results

Patient population

The study population comprised 83 children and adoles-
cents with febrile pharyngitis (Table 1). The median age of
the children was 5.5 years (interquartile range, 3.2e12.2),
37 (44.6%) were girls, and none of them were admitted to
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hospital. Five children (6.0%) had received antibiotics
within 5 days before enrolment.

Microbial aetiology

A potential causative agent was detected in 73 (88.0%)
patients: GAS alone in 8 (9.6%), GAS together with virus in
11 (13.3%), group C or G b-haemolytic streptococci (GCS,
GGS) alone in two (2.4%), GCS or GGS together with virus in
three (3.6%), and one or more viruses alone in 49 (59.0%)
cases (Fig. 1). One of the GAS cases was diagnosed by
enrichment culture only, and the remaining 18 were de-
tected by standard culture on a streptococcal-selective
blood agar plate. Other bacteria found by throat culture
were considered to be non-pathogenic (Supplemental
Table 1). There was no significant difference in the mean
initial serum ASO levels between the GAS and non-GAS pa-
tients. Five patients showed a 2-fold ASO increase in paired
serum samples: Three of them were GAS positive, one of
them was GCS positive, and one was negative for strepto-
cocci by throat culture. Overall, paired serum samples
were available in 14/19 patients with GAS.

The most frequently detected viruses were enterovi-
ruses (in 25.3% of the children), rhinoviruses (21.6%), and
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Figure 1 Aetiology of febrile pharyngitis in different age groups
croorganisms detected: group A streptococcus, GAS (light blue); GA
tococcus, GGS (grey); GCS/GGS þ virus (yellow); virus (dark blue);
(X) represents different age groups included in the study (all, 1e4
adenoviruses (15.7%). The most common types of entero-
viruses were coxsackievirus types A6 and A16. Adenoviruses
were typed as C2 in seven patients and as C1 in two
patients. EBV IgM antibodies were detected in five patients.
However, when the duration of symptoms, the presence of
IgG antibodies, and the results from paired serum samples
were considered, acute infection caused by EBV was
confirmed only in two (2.4%) patients. M. pneumoniae IgM
antibodies were detected together with IgG antibodies in
the serum of 10 patients, seven of whom were 14e16 years
old. Paired serum samples were available in four of these
patients. None of them showed �2-fold increase in their
M. pneumoniae IgG antibody levels. A b-haemolytic strep-
tococci or virus was detected in 9 of these 10 patients.

The diagnosis of a virus infection was made by PCR in 49
patients. In sixteen patients, a PCR diagnosis was confirmed
by an antibody response in the paired serum samples.
Multiple virus detection occurred in 15 patients with a virus
infection, in four patients with a GAS-virus infection, and in
one patient with a GCS-virus infection. The majority of
enterovirus (13/21), rhinovirus (13/18), adenovirus (10/13),
and all coronavirus OC43 (4/4) findings were detected
together with other potential pathogens. By using semi
quantitative information from PCR CT values combined
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with serological results, we were able to plausibly estimate
the most important virus in most patients with multiple
virus findings (Supplemental Table 1). These results suggest
that despite their frequent co-detection with other viruses,
enteroviruses and adenovirus were often also the most
probable pharyngitis pathogens. Viruses caused the major-
ity of cases in all age groups, but a viral aetiology was
particularly common in the age group of one to four years
(Fig. 1).

Clinical presentation

The occurrence of selected symptoms and clinical findings
in patients with GAS and non-GAS pharyngitis are presented
in Table 2. No clinical scoring system was used in the clin-
ical management of the patients, but the McIsaac scores
were determined retrospectively for all eligible patients
(n Z 66). None of the symptoms, clinical findings, or the
McIsaac score were specific for a GAS or non-GAS aetiology
of febrile pharyngitis.

Biomarkers

The white blood cell count and CRP, PCT, MxA, and TRAIL
levels were measured in the blood, plasma or serum of all
pharyngitis patients. The MxA/CRP ratio was calculated.
The levels of all biomarkers, except that of PCT, were
significantly different between GAS and non-GAS patients
(Table 2). However, none of the biomarkers was accurate in
discriminating GAS from non-GAS aetiology (see
Supplemental Figs. 1e6). Based on our previous study, we
used 175 mg/L as a cut-off level for increased blood MxA
concentration.32 Blood MxA levels were elevated in 79.4%
of patients with virus findings, and remained low in 90.0%
of patients with streptococcal pharyngitis without virus
detection. Blood MxA levels were also elevated in most of
the patients (90.0%) without a confirmed microbiological
diagnosis (Fig. 2). Viruses, but no bacteria, were identified
in all five patients with recent antibiotic exposure. These
Table 2 Comparison of the clinical parameters and biomarkers

GA

Clinical findings

Cough or rhinitis e no. (%) 9 (
Oropharyngeal/tonsillar exudates e no. (%) 14
Intensive oropharyngeal/tonsillar redness e no. (%) 17
Cervical lymphadenopathy e no. (%) 12
McIsaac scoreb e mean (95% CI) 3.8
Biomarkers

WBC e median [IQR], E9/L 12.
CRP e median [IQR], mg/L 32
PCT e median [IQR], mg/L 0.1
MxA e median [IQR], mg/L 170
TRAIL e median [IQR], pg/mL 82
MxA (mg/L)/CRP (mg/L) ratio e median [IQR] 4.7

Abbreviations: GAS, group A streptococcus; WBC, white blood cell cou
citonin; MxA, myxovirus resistance protein A; TRAIL, tumour necrosis
a Univariate analysis by the c2 or ManneWhitney U test.
b Number of eligible patients n Z 66.
patients had also markedly elevated blood MxA levels indi-
cating an acute virus infection.

Follow-up visit

In total, 57 patients (69%) returned for a scheduled
follow-up visit after 10e40 days (median 18 days, inter-
quartile range 17e21). At the follow-up visit, a throat
swab was taken from 56 and blood sample from 52
children. Fever and throat soreness of the initial pharyn-
gitis episode had resolved in all patients. Two patients
presented to the follow-up visit with a relapsed GAS
pharyngitis and another of them was febrile. None of
the other patients were febrile on the follow-up visit but
29/57 (51%) of them reported milder respiratory symp-
toms. Overall, viruses were detected in 37/56 (66.1%)
patients. Virus detection was more common in the
symptomatic 24/29 (82.8%) than in the asymptomatic
13/27 (48.1%) patients. Blood MxA levels were lower in
virus positive patients at the follow-up visit (110 [70e218]
mg/L; median [IQR]) than they were during the febrile
pharyngitis episode (780 [180e1190] mg/L).

Discussion

In this study, viruses had a dominant role in the aetiology of
febrile pharyngitis. A possible causative agent could be
detected in 88.0% and virus in 75.9% of patients, whereas in
earlier studies from the era before PCR, viruses were
detected in 11e42% of children or adolescents with phar-
yngitis or tonsillitis.16e18 Furthermore, an elevated blood
MxA level, as a marker of type I or type III interferon pro-
duction, demonstrated an active innate immune response
against acute virus infection in the majority of patients
with a detected virus.

We detected group A b-haemolytic streptococci less
frequently than earlier reported.19 This is partly explained
by the fact that half of the children in this study were
in GAS and non-GAS pharyngitis.

S (n Z 19) Non-GAS (n Z 64) Pa

47.4) 41 (64.1) 0.19
(73.7) 33 (52.4) 0.10
(89.5) 44 (69.8) 0.09
(63.2) 39 (66.1) 0.82
(3.4e4.3) 3.5 (3.2e3.8) 0.13

9 [9.5e16.0] 9.0 [5.9e12.1] 0.005
[12e45] 9.5 [4e31] 0.01
6 [0.09e0.26] 0.16 [0.10e0.40] 0.65
[100e400] 810 [213e1198] <0.001

[66e142] 137 [74e185] 0.04
[2.5e17.2] 67.5 [14.0e156.9] <0.001

nt; IQR, interquartile range; CRP, C-reactive protein; PCT, procal-
factor (TNF)-related apoptosis-inducing ligand.



Figure 2 Boxplot graph (median, interquartile range [boxes], 95% confidence interval [error bars], and outliers [open circles])
represents the blood myxovirus resistance protein A (MxA) levels in the different aetiological groups of patients with febrile phar-
yngitis (n Z 83). The vertical axis (Y) displays the MxA protein concentration (mg/L) in whole blood. Scale of the Y axis is logarith-
mic. The horizontal axis (X) represents different aetiological groups: group A streptococcus, GAS; GAS þ virus; group C
streptococcus, GCS or group G streptococcus, GGS; GCS/GGS þ virus; virus; unknown.
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younger than five years old. Group C and G b-haemolytic
streptococci were detected only infrequently and often
together with viruses. It has been suggested that M. pneu-
moniae is a major pharyngitis pathogen in children.15 In our
study, the detection rate of M. pneumoniae IgM antibodies
was 12%. However, considering the duration of the patients’
symptoms, the presence of other potential pathogens, the
presence of IgG antibodies, and the missing titre changes
in the paired sera, the clinical significance of M. pneumo-
niae IgM antibody findings remain unclear.

Respiratory viruses can be detected by PCR in many
asymptomatic individuals as well, and therefore, their role
as etiologic agents can be argued.21,22,33 We and others
have shown earlier that a MxA response is strongly associ-
ated with a symptomatic viral infection.32,34 Indeed, in
the present study, most patients with virus findings had
elevated levels of MxA protein in their blood. In contrast,
at the follow-up visit when the patients were asymptomatic
or had only minor, non-febrile respiratory symptoms, their
blood MxA levels remained low. Our finding suggests that
at the enrolment they had a true, symptomatic virus infec-
tion rather than coincidental virus detection. Still, all but
one patient with febrile pharyngitis positive for group A,
C, or G b-haemolytic streptococci without virus detection
demonstrated no MxA response. Interestingly, nine of ten
patients without a confirmed microbiological diagnosis
had increased MxA levels. This finding suggests that the ma-
jority of these patients might have had an infection caused
by an undetected virus.

Enteroviruses were the most often detected pathogens in
this study. This observation is probably a result of two facts:
First, the use of a PCR assay instead of viral culture in
diagnostics increases the detection rate of enteroviruses.
Second, epidemiological factors influence the results. During
autumn 2014, there were substantially more reported
enterovirus infections in Finland than in the two previous
years, especially in children younger than 10 years old.35

Viruses were detected together with b-haemolytic
streptococci in 14 patients. Rhinoviruses and adenoviruses
were the most frequent virus findings in these patients.
Because detection of rhinovirus in asymptomatic subjects is
not uncommon, and because adenovirus can persist in
tonsillar tissue, the pathogenic role of these viruses is not
always clear.33,36,37 However, 11 out of 14 of the patients
had an MxA response, which suggests that these patients
either had a viral-bacterial co-infection or they had a virus
infection and an incidental GAS carriage.

Biomarkers of bacterial infection have limited clinical
utility in distinguishing between GAS and non-GAS
pharyngitis.38e40 We found a significant difference in the
blood levels of WBC, CRP, MxA, TRAIL, and the MxA/CRP ra-
tio between patients with GAS and non-GAS illness, but
their analytical performance measured by the AUC was
poor. MxA could not discriminate between a GAS and non-
GAS aetiology of pharyngitis, mainly because streptococcal
and viral co-infection induced an MxA response comparable
to that of virus infection. Because GAS can be detected
relatively easily in throat swabs, there is probably no clin-
ical need for a biomarker in the routine diagnostics of
GAS pharyngitis. Here, we studied the biomarkers primarily
to assess the pathogenic role of detected viruses or bacte-
ria, not to evaluate their performance in differential diag-
nostics in clinical practice. However, the MxA level and
MxA/CRP ratio remained low in patients with sole strepto-
coccal infection and increased in the majority of patients
with a virus infection. Therefore, they could be helpful
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tools in the differential diagnosis of viral and bacterial in-
fections in other clinical settings. In our study, blood level
of TRAIL, another virus specific biomarker, was less accu-
rate in differentiating between viral and bacterial
aetiology.

This study had several limitations. First, this was a
single-centre study and, therefore, the results might not
be fully generalizable to other centres. Moreover, patient
recruitment continued only for 14 months, and epidemio-
logical variation might have influenced the etiological
outcomes. Additionally, the sample size was rather small.
Several different ED physicians carried out the preliminary
recruitment of the patients, which could have influenced
the diagnostic accuracy of pharyngitis. However, our
setting pragmatically reflects how the clinicians identify
febrile pharyngitis. Furthermore, we could possibly have
increased the detection rate of viruses by collecting also
nasopharyngeal swab samples.41,42 Our rationale for sole
oropharyngeal sampling was that we were investigating
pharyngeal infection and that nasopharyngeal sampling
might have increased the detection of viruses with a ques-
tionable role in causing pharyngeal symptoms.

Conclusions

Viruses are the most common cause of febrile pharyngitis in
children and adolescents. This study reinforces the current
practice of sparing patients with non-GAS illness from
antibiotic treatment. Biomarker measurements seem clin-
ically irrelevant in the diagnostics of pharyngitis. Neverthe-
less, blood MxA has potential as a biomarker of acute virus
infection.
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et al. Genotyping of clinically relevant human adenoviruses by
array-in-well hybridization assay. Clin Microbiol Infect 2013;
19:551e7.

29. Koskinen P, Vuorinen T, Meurman O. Influenza A and B virus IgG
and IgM serology by enzyme immunoassays. Epidemiol Infect
1987;99:55e64.

30. Vuorinen T, Meurman O. Enzyme immunoassays for detection
of IgG and IgM antibodies to parainfluenza types 1, 2 and 3. J
Virol Methods 1989;23:63e70.

31. LönnrotM,KorpelaK,KnipM, IlonenJ, SimellO,KorhonenS, etal.
Enterovirus infectionasa risk factor forbeta-cell autoimmunity in
a prospectively observed birth cohort: the Finnish Diabetes Pre-
diction and Prevention Study. Diabetes 2000;49:1314e8.

32. Toivonen L, Schuez-Havupalo L, Rulli M, Ilonen J, Pelkonen J,
Melen K, et al. Blood MxA protein as a marker for respiratory
virus infections in young children. J Clin Virol 2015;62:8e13.
33. Heinonen S, Jartti T, Garcia C, Oliva S, Smitherman C,
Anguiano E, et al. Rhinovirus detection in symptomatic and
asymptomatic children: value of host transcriptome analysis.
Am J Respir Crit Care Med 2016;193:772e82.

34. Engelmann I, Dubos F, Lobert PE, Houssin C, Degas V, Sardet A,
et al. Diagnosis of viral infections using myxovirus resistance
protein A (MxA). Pediatrics 2015;135:e985e93.

35. Jaakola S, Lyytik€ainen O, Huusko S, Salmenlinna S, Pirhonen J,
Savolainen-Kopra C, et al. The Institution of Health and
Welfare, Finland. Report on communicable diseases in
Finland, ISBN 978-952-302-481-6. Available at: http://urn.fi/
URN [Accessed 7 August 2016].

36. Johnston SL, Sanderson G, Pattemore PK, Smith S, Bardin PG,
Bruce CB, et al. Use of polymerase chain reaction for diagnosis
of picornavirus infection in subjects with and without respira-
tory symptoms. J Clin Microbiol 1993;31:111e7.

37. Garnett CT, Talekar G, Mahr JA, Huang W, Zhang Y,
Ornelles DA, et al. Latent species C adenoviruses in human
tonsil tissues. J Virol 2009;83:2417e28.

38. Christensen AMG, Thomsen MK, Ovesen T, Klug TE. Are procal-
citonin or other infection markers useful in the detection of
group A streptococcal acute tonsillitis? Scand J Infect Dis
2014;46:376e83.

39. Elsammak M, Hanna H, Ghazal A, Edeen FB, Kandil M. Diag-
nostic value of serum procalcitonin and C-reactive protein in
Egyptian children with streptococcal tonsillopharyngitis. Pe-
diatr Infect Dis J 2006;25:174e6.

40. Putto A, Meurman O, Ruuskanen O. C-reactive protein in the
differentiation of adenoviral, Epstein-Barr viral and strepto-
coccal tonsillitis in children. Eur J Pediatr 1986;145:204e6.

41. Benkouiten S, Gautret P, Belhouchat K, Drali T, Nougairede A,
Salez N, et al. Comparison of nasal swabs with throat swabs for
the detection of respiratory viruses by real-time reverse tran-
scriptase PCR in adult Hajj pilgrims. J Infect 2015;70:207e10.

42. Dawood FS, Jara J, Estripeaut D, Vergara O, Luciani K, Corro M,
et al. What is the added benefit of oropharyngeal swabs
compared to nasal swabs alone for respiratory virus detection
in hospitalized children aged <10 years? J Infect Dis 2015;212:
1600e3.

http://refhub.elsevier.com/S0163-4453(17)30004-X/sref22
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref22
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref22
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref22
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref22
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref23
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref23
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref23
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref23
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref24
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref24
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref24
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref24
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref25
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref25
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref25
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref26
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref26
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref26
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref26
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref26
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref26
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref27
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref27
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref27
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref27
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref27
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref28
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref28
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref28
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref28
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref28
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref28
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref28
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref28
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref29
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref29
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref29
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref29
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref30
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref30
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref30
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref30
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref31
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref31
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref31
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref31
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref31
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref32
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref32
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref32
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref32
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref33
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref33
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref33
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref33
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref33
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref34
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref34
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref34
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref34
http://urn.fi/URN
http://urn.fi/URN
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref36
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref36
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref36
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref36
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref36
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref37
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref37
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref37
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref37
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref38
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref38
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref38
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref38
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref38
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref39
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref39
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref39
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref39
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref39
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref40
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref40
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref40
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref40
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref41
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref41
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref41
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref41
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref41
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref42
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref42
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref42
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref42
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref42
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref42
http://refhub.elsevier.com/S0163-4453(17)30004-X/sref42

	Aetiology of febrile pharyngitis in children: Potential of myxovirus resistance protein A (MxA) as a biomarker of viral inf ...
	Introduction
	Materials and methods
	Study design and patients
	Collection of oropharyngeal samples
	Bacterial analyses
	Viral analyses
	Biomarkers
	Data analyses

	Results
	Patient population
	Microbial aetiology
	Clinical presentation
	Biomarkers
	Follow-up visit

	Discussion
	Conclusions
	Conflicts of interest
	Funding
	Acknowledgements
	Appendix A. Supplementary data
	References


