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Group A streptococcal (GAS) pharyngitis is a particularly important condition in areas of New Zealand where the incidence of
acute rheumatic fever remains unacceptably high. Prompt diagnosis and treatment of GAS pharyngitis are cornerstones of the
Rheumatic Fever Prevention Programme, but these are hindered by the turnaround time of culture. Tests with excellent perfor-
mance and rapid turnaround times are needed. For this study, throat swabs (Copan ESwabs) were collected from schoolchildren
self-identifying with a sore throat. Samples were tested by routine culture and the illumigene GAS assay using loop-mediated
isothermal amplification. Discrepant results were resolved by retesting of the same specimen by an alternative molecular assay.
Seven hundred fifty-seven throat swab specimens were tested by both methods. The performance characteristics of the illumi-
gene assay using culture on blood agar as the “gold standard” and following discrepancy analysis were as follows: sensitivity,
82% and 87%, respectively; specificity, 93% and 98%, respectively; positive predictive value, 61% and 88%, respectively; and neg-
ative predictive value, 97% and 97%, respectively. In our unique setting of a school-based throat swabbing program, the illumi-
gene assay did not perform quite as well as described in previous reports. Despite this, its improved sensitivity and rapid turn-

around time compared with those of culture are appealing.

G roup A streptococcal (GAS) throat infections are particularly
significant, as a subgroup of people (typically children) de-
velop acute rheumatic fever (ARF) or acute poststreptococcal glo-
merulonephritis as a result of such infections. Although treatment
of GAS pharyngitis with appropriate antibiotics markedly reduces
the risk of ARF, New Zealand continues to have high rates of ARF
compared with those in other developed nations (1). In 2011, the
New Zealand government announced a target for a reduction in
the national incidence of ARF by two-thirds, from 4.2 per 100,000
people in 2011 to 1.4 per 100,000 people by 2017 (2). To achieve
this goal, the Rheumatic Fever Prevention Program (RFPP) was
initiated with an emphasis on the timely detection and treatment
of GAS pharyngitis. The program focuses on improved access to
throat swabbing services for school-aged children who are consid-
ered to be at the highest risk of ARF, specifically, Maori and Pacific
children residing in areas of high socioeconomic deprivation (3).
A large component of the intervention has been the school-based
throat swabbing clinics for children who self-present with sore
throats during the school day. As the signs and symptoms of bac-
terial and viral pharyngitis overlap and differentiation on clinical
grounds is difficult, the collection of a throat swab specimen for
culture is the current “gold standard” for diagnosing GAS phar-
yngitis (4). However, it is an imperfect test for use in school-based
programs, as results are not available until the following day at the
earliest (and up to 72 h after swabbing), and widespread swabbing
such as that seen in this program puts a considerable resource
strain on community laboratories. Given these limitations, tests
that have more rapid turnaround times and that offer laboratory
efficiencies are worth investigating.

The illumigene group A streptococcus assay (Meridian Biosci-
ence, Inc., Cincinnati, OH) uses the loop-mediated isothermal
amplification (LAMP) technology to detect the GAS pyrogenic
exotoxin B (speB) gene, and it has FDA clearance for diagnosing

January 2016 Volume 54 Number 1

Journal of Clinical Microbiology

GAS pharyngitis. The assay is semiautomated and has a turn-
around time of less than an hour.

The aim of the laboratory-based study described here was to
assess the performance of the illumigene GAS assay for the detec-
tion of GAS in throat swabs from symptomatic children in the
unique setting of the school-based component of the RFPP.

MATERIALS AND METHODS
The study was an extension of the already established throat swabbing
service in Auckland, New Zealand, schoolchildren at risk of ARF and did
not deviate from routine clinical care. The study ran at a single South
Auckland primary school, and the participating children (aged 5 to 11
years) were those who had already consented/assented to the school-based
public health intervention. Each classroom is visited by a health worker
daily (Monday to Friday), and children are asked to self-identify as having
a sore throat. Those children then have a throat swab specimen collected
for routine microbiological culture. As there was no deviation from rou-
tine clinical care, a specific consent or new ethics approval was not re-
quired for this study.

Throat swab specimens were collected using Copan ESwabs (Copan
Diagnostics, Inc., Corona, CA). The ESwab is a nylon-flocked swab de-
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TABLE 1 Performance of illumigene assay and bacterial culture for detection of GAS in throat swabs using culture results as the gold standard

No. of samples with the following

result®:
Method TpP® FP TN FN % sensitivity (95% CI) % specificity (95% CI) % PPV (95% CI) % NPV (95% CI)
Culture 92 0 665 0 100 100 100 100
illumigene 75 49 616 17 81.5 (72.0-88.9) 92.6 (90.4-94.5) 60.5 (51.3-69.1) 97.3 (95.7-98.4)

“ TP, true positive; FP, false positive; TN, true negative; FN, false negative.
Y A true-positive result was defined as culture positivity for GAS.

signed to minimize entrapment of the specimen. The swab specimens
were collected and immediately placed into 1 ml liquid Amies transport
medium. Although this was a deviation from the illumigene assay manu-
facturer’s instructions, the ESwab’s design facilitates elution of the bacte-
ria collected on the swab into the liquid transport medium. The swabs
were kept at room temperature and transported to the laboratory, arriving
there by up to 8 h following collection. On receipt in the laboratory, the
specimens were processed by trained laboratory technicians. The sample
was vortexed for 10 s before 50 .l of transport medium was removed for
the illumigene assay, and then 50 .l of transport medium was removed for
culture. Culture methods were routine with inoculation onto Columbia
sheep blood agar with 3% salt medium (Fort Richard, Auckland, New
Zealand) and incubation in CO, at 37°C for up to 48 h. Presumptive GAS
colonies (based on colonial morphology) were identified by matrix-as-
sisted laser desorption ionization—-time of flight mass spectrometry
(MALDI-TOF MS; Biotyper, version 3.1; Bruker Daltonics) with a score
of >2.0, and the results were reported qualitatively. Isolation of group
C/G streptococci (identification by MALDI-TOF MS) was also reported.
With the exception of the inoculation with transport medium rather than
with the swab, illumigene testing was performed according to the manu-
facturer’s instructions. Briefly, 50 pl of transport medium was added to
the sample preparation tube and vortexed for 10 s. Following vortexing,
10 drops of the specimen were transferred to a heat treatment tube and
incubated at 95°C for 10 min. Then, 50 pl of lysate was transferred to the
test and control chambers. The test device was then inserted into the
illumipro-10 incubator/reader and amplification was initiated. After 40
min, the amplified product was detected by the presence of turbidity and
read by the illumipro-10 incubator/reader.

Discrepancy testing. The DNA extracted from the ESwab eluate with
discordant results (illumigene assay positive, culture negative) was tested
at the Ann & Robert H. Lurie Children’s Hospital of Chicago, IL, by
real-time PCR, performed on a LightCycler instrument with Roche ana-
lyte-specific reagents for GAS (Roche Diagnostics, Indianapolis, IN) as
previously reported (5). A 198-bp fragment of the ptsI (phosphotransfer-
ase) gene of GAS was amplified and detected.

Culture-positive/illumigene assay-negative samples were retested by
both methods. If the illumigene assay result remained negative, a dilution
(0.5 McFarland standard) was made from a representative GAS colony
and tested by the illumigene assay. It was intended for culture-negative/
illumigene assay-positive samples to undergo repeat culture, but this was
not universally done due to error.

Sample size. Past studies have demonstrated the excellent sensitivity
of the illumigene test (5-7). The expected rate of positivity for GAS was
14% (from school swabbing data). Therefore, in order to obtain 100 pos-
itive swabs, it was calculated that 720 swabs would be required.

Data analysis. Sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) were calculated first using culture as
the gold standard. However, it is acknowledged that the current gold
standard is culture from a swab and not liquid transport medium. Then,
after discrepancy testing, they were recalculated using an estimate of GAS
status where a true-positive result was either a positive result by culture or
positive results by both molecular assays. A sample was considered to
have a true-negative result when the culture result was negative and the
specimen was either negative or positive by the illumigene assay but
negative by PCR.
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RESULTS

A total of 757 throat swab specimens were tested by both the
illumigene assay and routine culture. Ninety-two (12.2%) were
positive for GAS by culture, 57 (7.5%) were positive for group C/G
streptococcus by culture, and 608 (80.3%) were culture negative.
A total of 124 (16.4%) swab specimens were positive by the illu-
migene assay, and of these, 75 (60.5%) were also culture positive. A
total of 633 (83.6%) were negative by the illumigene assay, and of
these, 616 (97.3%) were also culture negative (Table 1). Using
culture as the gold standard, the prevalence of GAS was 12%, and
the sensitivity, specificity, positive predictive value, and negative
predictive values for the illumigene GAS assay were 82%, 93%,
61%, and 97%, respectively.

Discrepant results. There were 49 throat swab specimens neg-
ative for GAS by culture but illumigene assay positive. Two were
found to be culture positive on repeat testing. Of the remaining 47
swab specimens, the DNA extracted from 46 was further tested
and GAS DNA was identified in 34 samples, 1 of which also had
group C/G streptococcus DNA identified. Eight samples had no
streptococcal DNA, while four had only group C/G streptococcus
DNA identified (Table 2).

There were 17 throat swab specimens GAS negative by the
illumigene assay and positive by culture. Of these, 7 remained neg-
ative by the illumigene assay on repeat testing of the stored trans-
port medium, while 10 were positive when the illumigene assay
was repeated. Of the seven that remained negative by the illumi-
gene assay, six had GAS identified on reculture. All of these were
positive by the illumigene assay when tested using 50 pl of a 0.5
McFarland suspension.

Following discrepancy analysis, the recalculated GAS preva-
lence was 17%. The recalculated sensitivity, specificity, and posi-
tive and negative predicative values were 73%, 100%, 100%, and
95%, respectively, for culture and 87%, 98%, 88%, and 97%, re-
spectively, for the illumigene assay (Table 3).

TABLE 2 Discrepancy testing results

Original illumigene assay result” and repeat No. of
assay result samples
False positive (n = 49)
Culture positive on repeat testing 2
Positive by secondary molecular method 34
Negative by secondary molecular method 12
Isolate was lost and not further tested 1
False negative (n = 17)
illumigene assay positive on repeat testing 10
illumigene assay positive on broth from 6
isolate
Isolate was lost and not further tested 1

“ Original illumigene assay result when culture was used as the gold standard.
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TABLE 3 Performance of illumigene assay and bacterial culture for detection of GAS in throat swabs using composite gold standard” for culture-
positive specimens and culture result as gold standard for culture-negative specimens

No. of samples with the following

result’:
Method TP FP TN FN % sensitivity (95% CI) % specificity (95% CI) PPV (95% CI) NPV (95% CI)
Culture 93 0 631 34 73.2 (64.5-80.5) 100 (99.2-100) 100 (98.1-100) 94.8 (92.9-96.4)
illumigene 109 15 633 17 86.5 (80.0-91.7) 97.6 (96.0-98.6) 87.9 (80.5-92.8) 97.3 (95.6-98.4)

“ The composite gold standard was either a positive culture result or positive results by two molecular tests.

U TP, true positive; FP, false positive; TN, true negative; FN, false negative.

¢ A true-positive result was defined as positivity for GAS by culture or two molecular tests.

DISCUSSION

This study took place in the unique environment of a developed
country tackling pockets of a high incidence of ARF with a tar-
geted throat swabbing program for the detection of GAS in chil-
dren self-identifying as having a sore throat. We found the illumi-
gene GAS assay to have a sensitivity superior to that of culture for
the detection of GAS in throat swabs, but its specificity was re-
duced.

Overall, the illumigene assay detected more GAS-positive spec-
imens than culture, although 17 specimens were negative, despite
a positive culture result on initial testing. The finding of 10 sam-
ples initially illumigene assay negative but positive on repeat test-
ing suggests an issue with test reproducibility as well as sensitivity.
The GAS isolates from six throat swab specimens that were repeat-
edly illumigene assay negative did test positive when a diluted so-
lution was made from the isolate from the culture plate. Thus, the
false-negative results may have been due to the bacterial load in
the sample being lower than the lower limit of detection, which is
reported in the package insert to be 400 CFU (8). The variability
seen among some specimens may be due to sampling error, with
bacteria being unevenly spread throughout the sample. However,
specimens were vortexed before sampling to reduce the likelihood
of this. It is possible that use of the liquid medium led to dilution
of GAS, but the samples with false-negative results by the illumi-
gene assay were culture positive, indicating that the bacterial load
was sufficient for culture. However, the use of the transport me-
dium rather than the swab was a deviation from the manufactur-
er’s recommendations, and we acknowledge that this may have
impacted the sensitivity of the test. We do not expect the delay of
up to 8 h to have impacted the illumigene assay results, as the
manufacturer states that the samples are stable at room tempera-
ture for up to 48 h from the time of swabbing to the time of
performance of the illumigene assay (8), although it is acknowl-
edged that this is based on rayon swabs. Following discrepancy
analysis, the illumigene assay sensitivity (87%) remained inferior
to that described in recent publications, which have reported sen-
sitivities of greater than 98% (5-7).

Current guidelines recommend backup throat swab culture for
negative rapid antigen detection tests for GAS, as their sensitivity
and NPV are insufficient to rule out GAS pharyngitis (4). Here we
report an NPV for the illumigene assay of 97%. While it could be
argued that samples with negative illumigene assay results should
also be cultured, this would be impractical in our laboratory, given
the sheer volume of samples received and the ongoing resource
constraints.

Not unusually for a molecular assay, the illumigene assay was
less specific than culture, with a PPV of 87.9% (95% confidence
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interval [CI], 80.5% to 92.8%). Again the performance is not as
robust as that previously reported (specificities, >96%) (5-7). We
hypothesize that the lower PPV seen here was due, in part, to our
study population of children who were well enough to be at school
and self-identified with a sore throat. In contrast, the previously
published studies examined throat swabs from children present-
ing to the emergency room with pharyngitis. Thus, the pretest
probability in the school population could be lower because some
children are likely to be carriers with a GAS burden lower than that
in emergency room patients presenting with more acute and dra-
matic symptoms.

A further explanation for the false-positive results is that speB
may not be specific to GAS; isolates of group C/G streptococcus
and the Streptococcus anginosus group in India have been identi-
fied to carry speB (9). Interestingly, the isolates in four of our
samples that were illumigene assay positive and culture negative
were identified to be group C/G streptococcus by PCR. Lastly, the
sensitivity of our culture method may have been impacted by the
volume of transport medium used (50 wl) and the incubation in
CO, (10).

The clinical impact of false-positive test results in the context of
RFPP may be less concerning than that in routine primary care
(11). In all likelihood, the children in RFPP are being treated for
GAS pharyngeal colonization as well as infection (as they are in
routine primary care [4, 12]). Although this is unnecessary anti-
biotic therapy, it may be reducing the rates of carriage and trans-
mission of GAS in the community, and thus, among children at
high risk of ARF, the benefits of additional antibiotic therapy may
outweigh the slight risks.

The significant advantage that the illumigene assay offers RFPP,
in addition to enhanced sensitivity, is a considerably improved
turnaround time, enabling same-day reporting of results and an-
tibiotic prescription, with the consequent reduced period of infec-
tivity. However, use of illumigene or other molecular assays does
not result in an isolate on which antibiotic susceptibility tests can
be performed. This has little practical impact in our setting, as
GAS is universally susceptible to penicillins and cephalosporins,
and macrolides are employed only for those with a significant
beta-lactam allergy. In addition, the rate of erythromycin resis-
tance in our community remains low (approximately 4%).

This study has some limitations. Our methods deviated from
the illumigene assay manufacturer’s recommendations, in that the
transport medium rather than the swab was tested. However, the
FDA submission does report acceptable performance with liquid
Amies transport medium. Discrepancy PCR testing was done on
extracted eluate, and we cannot rule out the possibility of speci-
men contamination. We did not report GAS growth quantita-
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tively and so were not able to establish the impact of the bacterial
load on illumigene assay sensitivity. The DNA from one specimen
was not referred for further molecular testing, which was in error.
Clinical data were not collected and so could not be used to eval-
uate the impact of the severity of illness or concurrent antibiotic
administration on test performance.

In summary, the illumigene GAS test offers the community a
laboratory molecular test for the detection of GAS in throat swabs
with a rapid turnaround time. The assay identifies more true-
positive results for GAS at the cost of a slight drop in specificity
(100 to 98%) compared to that of culture.

ACKNOWLEDGMENTS

We acknowledge the New Zealand Heart Foundation, which provided a
grant to cover the costs of the initial testing. We also acknowledge Merid-
ian Bioscience and Immunz Limited, which shared the cost of the discrep-
ancy analysis.

We thank Amanda Henson for her technical assistance.

A.U. designed the study, analyzed the data analysis, and wrote the
manuscript; L.B. performed the laboratory work (Labtests) and collected
the data; E.F. designed the study and coordinated throat swab specimen
collection and transportation; S.T.S. designed the study and reviewed the
manuscript; X.Z. performed discrepancy analysis laboratory work and
reviewed the manuscript; and D.L. designed the study and reviewed the
manuscript.

FUNDING INFORMATION

New Zealand Heart Foundation provided funding to Arlo Upton under
grant numbers 1620. Meridian Bioscience provided funding to Arlo
Upton.

The funders had no role in study design, data collection and interpreta-
tion, or the decision to submit the work for publication.

REFERENCES

1. Milne RJ, Lennon DR, Stewart JM, Vander Hoorn S, Scuffham PA.
2012. Incidence of acute rheumatic fever in New Zealand children and
youth. J Paediatr Child Health 48:685-691. http://dx.doi.org/10.1111/j
.1440-1754.2012.02447 .x.

156 jcm.asm.org

Journal of Clinical Microbiology

. Ministry of Health of New Zealand. Rheumatic fever. Ministry of Health

of New Zealand, Wellington, New Zealand.

. Grigg M, McDuff M. Implementation and formative evaluation of the

Rheumatic Fever Prevention Programme. Ministry of Health of New Zea-
land, Wellington, New Zealand.

. Shulman ST, Bisno AL, Clegg HW, Gerber MA, Kaplan EL, Lee G,

Martin JM, Beneden CV. 2012. Clinical practice guideline for the diag-
nosis and management of group A streptococcal pharyngitis: 2012 update
by the Infectious Diseases Society of America. Clin Infect Dis 55:¢86—
e102. http://dx.doi.org/10.1093/cid/cis629.

. Henson AM, Carter D, Todd K, Shulman ST, Zheng X. 2013.

Detection of Streptococcus pyogenes by use of Illumigene group A Strepto-
coccus assay. J Clin Microbiol 51:4207—4209. http://dx.doi.org/10.1128
/JCM.01892-13.

. Anderson NW, Buchan BW, Mayne D, Mortensen JE, Mackey T-LA,

Ledeboer NA. 2013. Multicenter clinical evaluation of the illumigene
group A Streptococcus DNA amplification assay for detection of group A
Streptococcus from pharyngeal swabs. J Clin Microbiol 51:1474-1477.
http://dx.doi.org/10.1128/JCM.00176-13.

. Felsenstein S, Faddoul D, Sposto R, Batoon K, Polanco CM, Dien Bard

J. 2014. Molecular and clinical diagnosis of group A streptococcal phar-
yngitis in children. J Clin Microbiol 52:3884-3889. http://dx.doi.org/10
.1128/JCM.01489-14.

. Meridian Bioscience. illumigene DNA amplification assay for the detec-

tion of Streptococcus pyogenes in throat swab samples: package insert. Me-
ridian Bioscience, Cincinnati, OH.

. Behera B, Mathur P, Bhardwaj N, Jain N, Misra MC, Kapil A, Singh S.

2014. Antibiotic susceptibilities, streptococcal pyrogenic exotoxin gene
profiles among clinical isolates of group C or G Streptococcus dysgalactiae
subsp. equisimilis & of group G S. anginosus group at a tertiary care centre.
Indian ] Med Res 139:438 —445.

. Lauer BA, Reller LB, Mirrett S. 1983. Effect of atmosphere and duration

of incubation on primary isolation of group A streptococci from throat
cultures. J Clin Microbiol 17:338 -340.

. Centre for Clinical Practice at NICE (United Kingdom). 2008. Respi-

ratory tract infections—antibiotic prescribing: prescribing of antibiotics
for self-limiting respiratory tract infections in adults and children in pri-
mary care. National Institute for Health and Clinical Excellence (United
Kingdom), London, United Kingdom.

. Kaplan EL, Top FH, Dudding BA, Wannamaker LW. 1971. Diagnosis of

streptococcal pharyngitis: differentiation of active infection from the car-
rier state in the symptomatic child. J Infect Dis 123:490-501. http://dx.doi
.org/10.1093/infdis/123.5.490.

January 2016 Volume 54 Number 1


http://dx.doi.org/10.1111/j.1440-1754.2012.02447.x
http://dx.doi.org/10.1111/j.1440-1754.2012.02447.x
http://dx.doi.org/10.1093/cid/cis629
http://dx.doi.org/10.1128/JCM.01892-13
http://dx.doi.org/10.1128/JCM.01892-13
http://dx.doi.org/10.1128/JCM.00176-13
http://dx.doi.org/10.1128/JCM.01489-14
http://dx.doi.org/10.1128/JCM.01489-14
http://dx.doi.org/10.1093/infdis/123.5.490
http://dx.doi.org/10.1093/infdis/123.5.490
http://jcm.asm.org

	MATERIALS AND METHODS
	Discrepancy testing.
	Sample size.
	Data analysis.

	RESULTS
	Discrepant results.

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

