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ABSTRACT Group A streptococcus (GAS) causes significant morbidity and mortality
in New Zealand and is responsible for invasive disease and immune sequelae, includ-
ing acute rheumatic fever (ARF). Early treatment of GAS pharyngitis reduces the risk
of ARF. In settings with a high burden of GAS disease, a rapid GAS pharyngitis diag-
nostic test with a strong negative predictive value is needed to enable prompt and
accurate treatment. This prospective study compares the Xpert Xpress Strep A mo-
lecular test (Cepheid) to throat culture and a second molecular method, the BioGX
group A streptococcus-open system reagent (OSR) for BD Max for the diagnosis of
GAS pharyngitis. Throat swabs were collected from the emergency department and
wards of Middlemore Hospital, New Zealand. The BioGX group A streptococcus OSR
for BD Max contributes to the composite gold standard of throat culture or both
molecular methods positive. Basic demographic, clinical, and laboratory data were
collected. Two hundred five out of two hundred fourteen swabs were suitable for
analysis. Of those, 28/205 (13.7%) were GAS culture positive, 45/205 (22%) Xpert
Xpress Strep A positive, and 38/205 (18.5%) BioGX positive. Compared to culture, the
sensitivity, specificity, and positive and negative predictive values of the Xpert
Xpress Strep A molecular test were 100%, 90.4%, 62.2%, and 100%, respectively.
Compared to the composite gold standard, the sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) were 100%, 95.8%, 84.4%, and
100%, respectively. Seventeen samples were Xpert Xpress positive but culture nega-
tive; 6 of these 17 swabs represent true positives with evidence of recent GAS infec-
tion. Ten samples were culture negative but both Xpert Xpress and BioGX positive.
The Xpert Xpress Strep A molecular test is highly sensitive with a strong negative
predictive value and rapid turnaround time. It can be safely introduced as a first-line
test for throat swabs in a high-incidence ARF population.
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Group A streptococcus (GAS) is the most common cause of bacterial pharyngitis and
is associated with postinfectious complications, including acute rheumatic fever

(ARF), poststreptococcal glomerulonephritis (PSGN), and scarlet fever (1–3). ARF and
PSGN continue to occur at unacceptably high rates in Aotearoa, New Zealand, and
almost exclusively affect M�aori and Pacific children (4). The New Zealand 2018 ARF inci-
dence was 28.6/100,000 for M�aori children aged 5 to 14years, 83.2/100,000 for Pacific
children, and ,1/100,000 for European/other (5). Although ARF and PSGN are now
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uncommon in most developed countries, GAS pharyngitis and its postinfectious seque-
lae remain significant global problems. Rheumatic heart disease (RHD), a chronic ARF
sequelae, is responsible for an estimated 300,000 premature and preventable deaths
per year (6). Since 2009, outbreaks of scarlet fever have been reported in China, Hong
Kong, Singapore, and South Korea (7–10). The United Kingdom also reported an un-
precedented increase in scarlet fever in 2014 followed by an increase in invasive GAS
infections in 2016 (7).

Early antibiotic treatment has been shown to reduce the severity, duration, and
transmission of GAS pharyngitis and, in high-risk settings, decreases the risk of devel-
oping ARF (4, 11, 12). Unfortunately, GAS pharyngitis is not reliably distinguished from
viral pharyngitis on examination, and throat culture remains the gold standard method
for diagnosis (1, 2, 13). Although 90 to 95% sensitive for the detection of GAS, throat
culture requires incubation for up to 48 h on blood agar plates (2). Consequently, rapid
antigen detection tests (RADTs) are often used in low-incidence ARF populations
where they have potential antimicrobial stewardship benefits (1–3). A recent Cochrane
review found that RADTs reduced antibiotic prescription rates by an absolute risk dif-
ference of 25% (95% confidence interval [CI], 231 to 218%) (3). Unfortunately, RADTs
have a lower sensitivity than throat culture (86 to 91% compared to 90 to 95%) (1, 14).
In New Zealand, given the significant morbidity and mortality attributable to GAS, the
potential consequences of missed treatment are high, and RADTs are not currently rec-
ommended without backup throat culture (15, 16). High-incidence ARF settings such
as New Zealand require rapid GAS pharyngitis diagnostic tests with strong negative
predictive values that enable prompt and accurate treatment decisions.

The Xpert Xpress Strep A molecular test (Cepheid) is a qualitative real-time PCR that
has a higher sensitivity than RADTs when used to diagnose GAS pharyngitis (17). It tar-
gets the speB gene of GAS, encoding streptococcal pyrogenic exotoxin, a virulence fac-
tor found on all GAS (17). The Xpert Xpress Strep A test is automated, has a laboratory
hands-on time of ,1 min, can be processed on demand, and produces a result in
approximately 25 min (17). Product information for the Xpert Xpress Strep A test from
577 samples in the United States reports a sensitivity of 100%, specificity of 94.1%, pos-
itive predictive value (PPV) of 84.1%, and a negative predictive value (NPV) of 100%
(17). The wider use of GAS molecular testing, including the Xpert Xpress Strep A, has
recently been supported by a detailed review article; however, to date, there is limited
information about its utility in high-ARF burden settings (18). One study in the
Northern Territory of Australia, a high-ARF incidence setting, compared Xpert Xpress
Strep A to throat culture for 145 swabs (14). Ralph et al. report a sensitivity of 100%,
specificity of 79.3%, PPV of 48.8%, and an NPV of 100% (14). They also describe
increased detection of GAS in patients with ARF and PSGN, demonstrating that in
high-burden GAS settings, rapid molecular tests can be used to improve antibiotic de-
cision-making and may aid diagnosis of postinfectious sequelae (14).

The purpose of this study was to evaluate the performance of the Xpert Xpress
Strep A molecular test compared to throat culture in a hospital laboratory that serves
an urban New Zealand population with a high burden of GAS infection and postinfec-
tious complications. In addition, all throat swabs underwent testing with a second PCR,
the BioGX group A streptococcus-open system reagent (OSR) for BD Max, to evaluate
the Xpert Xpress Strep A molecular test against a composite gold standard: throat cul-
ture or both molecular methods positive.

MATERIALS ANDMETHODS
Population and data collection. This prospective study was carried out in the Middlemore Hospital

Microbiology Laboratory, Counties Manukau, New Zealand. Middlemore is an 800-bed secondary hospital that
includes the Kidz First Children’s Hospital. Its catchment population is younger, with a higher proportion of
patients living in socioeconomic deprivation than the national average. It has a high percentage of indigenous
M�aori (15.7%) and Pacific Island peoples (21.1%) (https://www.health.govt.nz/new-zealand-health-system/my
-dhb/counties-manukau-dhb/population-counties-manukau-dhb). The Counties Manukau region has the high-
est rate of ARF in New Zealand, 9.4/100,000 between 2019 and 2020 (https://www.health.govt.nz/our-work/
diseases-and-conditions/rheumatic-fever/reducing-rheumatic-fever).
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Throat swabs were collected for clinical purposes from the emergency department and wards using
an ESwab (Copan Diagnostics), a nylon-flocked swab in 1 ml of liquid Amies transport medium. Throat
swabs were included if they arrived in the laboratory with a request for culture on Sunday to
Wednesday of each week. This convenience sample allowed for double-reading of culture plates at 48 h.
Swabs were excluded if the sample received was not an ESwab, the swab was unlabeled, clinical details
were not available, or ,400ml of Amies transport medium was received per swab.

Basic demographic, clinical, and laboratory data were collected via the hospital’s electronic records
and stored deidentified in a password-protected Excel spreadsheet. This included age, ethnicity, clinical
indication for swab, antibiotics dispensed ,14 days prior, throat swab culture result, Xpert Xpress result
and cycle threshold (CT) value, and BD result and CT. If collected for clinical purposes, the following data
were recorded: streptococcal serology (anti-streptolysin O titer [ASOT]/anti-DNAse B titer), inflammatory
markers (erythrocyte sedimentation rate [ESR]/C-reactive protein [CRP]), and throat swabs collected in
the preceding 14 days.

Microbiological methods. Samples were received at Middlemore Hospital Laboratory, and routine
throat culture was performed prior to molecular tests. This laboratory uses a Walk Away specimen proc-
essor (WASP; bioMérieux) to inoculate throat culture plates. A 10-ml loop of liquid Amies transport me-
dium was streaked onto two plates, Columbia horse blood agar, and tryptic soy sheep blood agar (TSA)
with 3% salt (Fort Richard Laboratories). Both plates were incubated for 48 h in CO2 at 37°C and assessed
for b-hemolytic colonies at 24 and 48 h by medical laboratory scientists. b-Hemolytic colonies were fur-
ther identified by matrix-assisted laser desorption ionization–time of flight mass spectrometry (MALDI-
TOF MS), (Vitek MS; bioMérieux) serogrouping using latex agglutination (Oxoid streptococcal grouping
kit; Thermo Scientific) and further characterized Streptococcus dysgalactiae as group C (GCS) or G (GGS).
Final culture reports indicate either the presence of group A, B, C, or G streptococci or the absence of
b-hemolytic streptococci. Cultures positive for b-hemolytic streptococci are given a semiquantitative
grade of few colonies, 11 (light), 21 (moderate), or 31 (heavy growth). For the purposes of this study,
throat culture plates were double-read by a laboratory scientist and study investigator at 48 h.

The Xpert Xpress Strep A molecular test was processed in accordance with Cepheid product instruc-
tions. Samples were vortexed for 5 s, and 300 ml of Amies transport medium was transferred into the
Xpert Xpress Strep A cartridge using the provided pipette. The cartridge was inserted into the
GeneXpert system (Cepheid; GXIV-4-L) Each lot number of Xpert Xpress Strep A tests underwent quality
control (QC) with a positive (Streptococcus pyogenes strain) and negative control (Escherichia coli strain).
QC isolates were cultured as above and an ESwab used to obtain three colonies. We transferred 300 ml
of Amies liquid from each control swab into the Xpert Xpress Strep A cartridges as described above.
Each Xpert Xpress Strep A result was reported as positive or negative and a CT value given. The Xpert
Xpress allows a maximum of 43 PCR cycles and has an “early assay termination” function, meaning it will
provide a positive result when the target DNA signal reaches a predetermined threshold before the full
43 cycles are complete. Samples with a high concentration of GAS target DNA require less cycles for
detection.

Following the Xpert Xpress Strep A test, all samples were frozen at 220°C for 2 to 35 days so that
the additional molecular test, BioGX group A streptococcus-OSR for BD Max, could be processed on all
samples in batches of 24. The BioGX assay also targets the speB gene of GAS. It allows a maximum of 40
PCR cycles to determine a positive result. QC was performed as described above. Samples were proc-
essed as per BioGX manufacturer instructions. After being defrosted, samples were vortexed for 10 s,
and 50 ml of Amies transport medium was pipetted into the sample buffer tube. BD Max ExK DNA-4
snap extraction kits were loaded into the extraction tray and snapped into position. One reagent tube of
BioGX sample-ready lyophilized PCR master mix was snapped into position 2 of each extraction strip,
and one BioGX rehydration buffer tube was snapped into position 3. The samples and extraction trays
were loaded into the BD Max system as per operating instructions and the run commenced. Samples
were reported as positive or negative and a CT value given. The BioGX group A streptococcus-OSR for BD
Max total run time is approximately 2.25 h.

GAS culture-negative/Xpert Xpress Strep A-positive samples. Culture-negative/Xpert Xpress
Strep A-positive plates were reviewed by a senior microbiology scientist and/or consultant clinical
microbiologist. Any morphologically suspected b-hemolytic colonies were purity plated and identified
using MALDI-TOF MS and latex agglutination. If colonies were identified as GCS or GGS, an ESwab was
used to sweep the purity plate, and this colony suspension underwent an Xpert Xpress Strep A test.
Samples that were both culture and BioGX negative but Xpert Xpress PCR positive had a second, repeat
BioGX test processed from the initial E swab liquid 24 h following the first BioGX run. The sample was
refrozen at 220°C between tests.

Serological methods. Streptococcal serology was performed on selected patients at the treating teams’
request. ASOT was performed using Roche diagnostics reagent on the Cobas 502 analyzer. Anti-DNase was per-
formed using Beckman Coulter reagent on the Cobas 502 analyzer. Results were interpreted according to the
2014 New Zealand guidelines for diagnosis of rheumatic fever (https://assets.heartfoundation.org.nz/documents/
shop/marketing/non-stock-resources/diagnosis-management-rheumatic-fever-guideline.pdf?1634870023).

Analysis. Analysis was conducted using SPSS (version 26.0; IBM) software and Microsoft Excel.
Mann-Whitney U tests were used to compare nonparametric continuous data and chi-square tests for
categorical data. Sensitivity, specificity, PPV, and NPV were calculated using throat culture as the gold
standard with 95% confidence intervals calculated using the Clopper-Pearson exact method. Test per-
formance was reevaluated using a composite gold standard, where a true-positive result was either posi-
tive culture or both BioGX and Xpert Xpress Strep A positive. A true-negative sample was negative on
culture and both molecular methods. Test performance calculations were repeated with stratification by
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ethnicity (Pacific and New Zealand M�aori versus New Zealand European/other) (Table 1). Regression
analysis was used to confirm the relationship between the Xpert Xpress Strep A CT and GAS culture
grade.

Ethics. This study was approved by the Human Disciplinary Ethics Commission (HDEC) of New
Zealand, 19/STH/209. The need for consent was waived, as throat swabs were collected for clinical pur-
poses as part of a patient’s routine care, and no additional samples or procedures were required for
study inclusion.

RESULTS
Demographics. During the study period, 214 consecutive swabs were considered

for inclusion. One swab had no clinical details available, and 1 was a duplicate. The first

TABLE 1 Patient characteristics, clinical indication for swab, and microbiology (n = 205)

Characteristic, indication, or result Total (n = 205)
New Zealand M�aori/Pacific
(n = 143 [69.8%])

New Zealand European/
other (n = 62 [30.2%]) P value

Characteristics
Median age (IQR [yrs]) 14 (7–26) 14 (7.5–24) 14 (5–34) 0.357
No. (%) female 112 (54.6) 80 (55.9) 32 (51.6) 0.567

Clinical indication for swab (no. [%])a

Pharyngotonsillitis 125 (61.0) 88 (61.5) 37 (59.7) 0.802
ARF under investigation 16 (7.8) 13 (9.1) 3 (4.8) 0.297
PSGN under investigation 7 (3.4) 6 (4.2) 1 (1.6) 0.35
Scarlet fever 1 (0.5) 1 (0.7) 0
All GAS postinfectious sequelae 24 (11.7) 20 (14.0) 4 (6.5) 0.123
URTI 23 (11.2) 16 (11.2) 7 (11.3) 0.983
Other infectionb 22 (10.7) 11 (7.7) 11 (17.7) 0.033
Noninfective diagnosisc 2 (1.0) 1 (0.7) 1 (1.6) 0.541
Unknownd 12 (5.9) 7 (4.9) 5 (8.1) 0.375

History of rheumatic fever/RHD documented (no. [%]) 5 (2.4) 5 (3.5) 0

Streptococcal serology during visite (no. [%]) 31 (15.1) 25 (17.5) 6 (9.7) 0.152
Positive 7 (22.6) 7 (28) 0
Negative 24 (77.4) 18 (72) 6 (100)

Throat swab,14 days prior (no. [%]) 18 (8.8) 15 (10.5) 3 (4.7) 0.189
GAS positive 5 (27.8) 5 (33.3) 0
GAS negative 13 (72.2) 10 (66.7) 3 (100)

Group C streptococcus positive (other b-hemolytic strep
reported) (no. [%])

1 (5.6) 1 (6.7) 0

Antibiotics dispensed,14 days prior (no. [%]) 26 (12.7) 18 (12.6) 8 (12.9) 0.95

Throat culture result (no. [%])
GAS positive 28 (13.7) 22 (15.4) 6 (9.7) 0.274

Growth of other b-hemolytic streptococcif (no. [%])
S. agalactiae 7 (3.4) 6 (4.2) 1 (1.6) 0.35
S. dysgalactiae (group C) 4 (2.0) 2 (1.4) 2 (3.2) 0.385
S. dysgalactiae (group G) 7 (3.4) 6 (4.2) 1 (1.6) 0.35

Xpert Xpress Strep A molecular test result (no. [%])
Positive 45 (22) 38 (26.6) 7 (11.3) 0.015

BioGX molecular test result (no. [%])
Positive 38 (18.5) 32 (22.4) 6 (9.7) 0.032

aPatients had more than one indication, i.e., pharyngitis and ARF/PSGN.
bOther infection includes measles, mumps, enterovirus meningitis, adenovirus, oral candidiasis, meningococcal disease, tuberculosis, lymphadenitis, viral-induced wheeze,
or asthma exacerbation.

cNoninfective diagnosis includes Kawasaki's disease, cardiomyopathy, neutropenic postrenal transplant, or asymptomatic sibling screened for carriage for in PSGN study.
dIndicates no indication on laboratory form or online record.
eStreptococcal serology interpreted using New Zealand RHD Guidelines 2014.
fOne swab isolated both S. agalactiae and group C streptococcus.
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7 swabs that arrived during the study period were discarded in error prior to the sec-
ond molecular test. We therefore included 205/214 swabs (95.8%) for analysis.

The median age of the cohort was 14 years (interquartile range [IQR], 7 to 26). In
the cohort, 111/205 (54.1%) were of Pacific ethnicity, 32 (15.6%) were New Zealand
M�aori, and 62 (30.2%) New Zealand European/other (Table 1). One hundred twelve
(54.6%) of the total cohort were female. The most common clinical indication for throat
swab was pharyngotonsillitis (125/205, 61.0%). This was followed by upper respiratory
tract infection (URTI) (23, 11.2%) and “other infection” (22, 10.7%).

Table 1 shows demographic data and results comparing populations at high risk of
postinfectious GAS complications (Pacific and New Zealand M�aori) with those at lower
risk (New Zealand European/other). There were no significant differences between
Pacific/New Zealand M�aori and New Zealand European/other groups except for the
clinical indication for swab “other infection” being higher in the New Zealand
European/other group, 11/143 (7.7%) versus 11/62 (17.7%) (P = 0.033).

Test performance. In total, 28/205 (13.7%) throat swabs were culture positive for
GAS: 45/205 (22%) were Xpert Xpress Strep A molecular test positive (Table 2), and 38/
205 (18.5%) were BioGX positive. All samples that were Xpert Xpress Strep A test nega-
tive were both culture and BioGX negative. The sensitivity, specificity, NPV, and PPV for
the Xpert Xpress Strep A test compared to throat culture were 100%, 90.4%, 100%, and
62.2%, respectively (Table 3). Compared to the composite outcome (culture or both
molecular tests positive) (Table 4), the sensitivity, specificity, NPV, and PPV were 100%,
95.8%, 100%, and 84.4%, respectively (Table 5).

Although there was a trend toward more culture-positive GAS swabs in the Pacific/
M�aori group compared with New Zealand European/other, 22/143 (15.4%) versus 6/62
(9.7%), this was not statistically significant (P = 0.274). There were, however, signifi-
cantly more positive samples in the Pacific/New Zealand M�aori group on both molecu-
lar methods compared to New Zealand European/other group as follows: 32/143
(22.4%) versus 6/62 (9.7%) (P = 0.032) on BioGX and 38/143 (26.6%) versus 7/62
(11.3%) (P = 0.015) on Xpert Xpress Strep A.

In total, 120/205 (58.5%) patients were of M�aori or Pacific ethnicity and aged 3 to
35 years and therefore met the New Zealand Heart Foundation (NZHF) high-risk criteria
for ARF (16). This guideline recommends high-risk patients with pharyngitis have a
throat swab and receive empirical antibiotics. Of this high-risk cohort, 21/120 (17.5%)
were culture positive for GAS, and 34/120 (28.3%) were Xpert Xpress Strep A test posi-
tive. Additionally, 24/205 (11.7%) swabs were from patients thought to have poststrep-
tococcal infectious sequelae (ARF, PSGN, or scarlet fever). Of these swabs, 20/24

TABLE 2 Performance of Xpert Xpress Strep A molecular test and throat culture for detection
of GAS in throat swabs

Results of Xpert Xpress Strep A

Results of throat culture

TotalPositive Negative
Positive 28 17 45
Negative 0 160 160

Total 28 177 205

TABLE 3 Sensitivity, specificity, and predictive values for Xpert Xpress Strep A compared to
culturea

Statistical measure Result for Xpert Xpress Strep A molecular test (% [95% CI])
Sensitivity 100 (87.6–100)
Specificity 90.4 (85.1–94.3)
Negative predictive value 100
Positive predictive value 62.2 (51.2–72.1)
aClopper-Pearson exact method was used.
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(83.3%) were from patients of Pacific or New Zealand M�aori ethnicity. Ten out of 24
(41.7%) tested positive for GAS by Xpert Xpress Strep A compared to 9/24 (37.5%) posi-
tive by BioGX and 6/24 (25.0%) positive on throat culture.

Serology. Streptococcal serology was performed in 31/205 (15.1%) of patients during
their admission. According to the NZHF diagnostic criteria for ARF, 7/31 (22.6%) patients
had positive streptococcal antibody titers (https://assets.heartfoundation.org.nz/documents/
shop/marketing/non-stock-resources/diagnosis-management-rheumatic-fever-guideline.pdf
?1634870023). Of those with positive streptococcal serology, 7/7 patients were of Pacific or
New Zealand M�aori ethnicity, and 4/7 had PSGN/ARF documented as the indication for
throat swab. Two out of seven patients with positive serology had positive GAS throat cul-
tures in the community within the last 14 days. Although no patient with positive strepto-
coccal serology had a GAS culture-positive study swab, 2/7 (28.6%) were BioGX test positive,
and 3/7 (42.9%) were Xpert Xpress Strep A positive.

GAS culture-negative/Xpert Xpress Strep A-positive results. In total, 17/205 swabs
(8.3%) were GAS culture negative/Xpert Xpress Strep A test positive. Of these swabs, 10/
17 were culture negative and both BioGX and Xpert Xpress Strep A positive (Table 6).
Five out of ten patients had clear evidence of recent GAS infection and are thought to
represent true-positive PCR results, 4/10 had positive GAS throat swabs in the commu-
nity 1 to 3 days prior, and 2/10 had positive streptococcal serology. Additionally, 1/10
patient was diagnosed with PSGN, 1/10 with scarlet fever, and 1/10 with ARF. Antibiotics
were dispensed prior to sample collection (2 to 4 days) in 4/10 culture-negative/both
BioGX and Xpert Xpress Strep A-positive swabs.

The remaining 7/17 swabs were culture negative and BioGX negative on two sepa-
rate testing runs, but Xpert Xpress Strep A positive (Table 6). One patient had a clinical
history that suggested this was a true-positive PCR result: PSGN with raised streptococcal
titers and pretreatment with 2 days of cephalosporin prior to this study throat swab.

In total, 2/17 of swabs were culture positive for other b-hemolytic streptococci (Table 6).
One culture-negative/Xpert Xpress Strep A and BioGX-positive swab had growth of both
S. agalactiae and GCS. This patient had a positive GAS community swab 1 day prior,
although no electronic record of antibiotics being dispensed. Repeat Xpert Xpress Strep A
tests from the S. agalactiae and GCS purity plates were negative. One culture and BioGX
negative but Xpert Xpress Strep A-positive swab cultured GGS. This sample had three
repeat purity plates of b-hemolytic colonies, and each was again identified on MALDI-TOF
MS and latex agglutination as GGS. A repeat Xpert Xpress Strep A test was conducted from
this GGS purity plate and was Xpert Xpress Strep A test negative.

TABLE 4 Performance of Xpert Xpress Strep A molecular test using composite gold standard
(culture positive or two molecular tests positive)

Results of Xpert Xpress Strep A

Results of composite gold
standard

TotalPositive Negative
Positive 38 7 45
Negative 0 160 160

Total 38 167 205

TABLE 5 Sensitivity, specificity, and predictive values for Xpert Xpress Strep A compared to
composite gold standarda

Statistical measure Result for Xpert Xpress Strep A molecular test (% [95% CI])
Sensitivity 100 (90.8–100)
Specificity 95.81 (91.6–98.3)
Negative predictive value 100
Positive predictive value 84.4 (72.4–91.8)
aClopper-Pearson exact method was used.
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Xpert Xpress Strep A cycle thresholds by culture and BioGX result. The Xpert
Xpress Strep A CT values of GAS culture-positive samples were significantly lower than
culture-negative samples, with a median CT of 20.1 (IQR, 18.3 to 25.1) versus 35.2 (IQR,
31.7 to 38.4) (P , 0.001). The CT was inversely associated with the grade of GAS growth
(R2 = 0.586; P , 0.001) (Fig. 1). Of GAS culture-negative/Xpert Xpress Strep A-positive
samples, there was a significantly lower Xpert Xpress CT in those with positive BioGX
(32.4; IQR, 29.2 to 33.7) than those with a negative BioGX (38.5; IQR, 36.0 to 39.4)
(P, 0.001).

DISCUSSION

This study evaluated the performance of the Xpert Xpress Strep A molecular test in
a population with a high incidence of GAS disease and found it to be 100% sensitive
compared to throat culture. With an NPV of 100%, the Xpert Xpress Strep A molecular
test can be safely introduced as a first-line test for throat swabs in our setting, reserv-
ing culture for swabs with a positive Xpert Xpress Strep A result. To our knowledge,
this is the largest peer-reviewed study to date comparing the Xpert Xpress Strep A to
throat culture as well as a second, alternate molecular test. This is also the first pub-
lished evaluation of the BioGX group A streptococcus-OSR for BD Max.

In a high-burden GAS population such as Counties Manukau, New Zealand, this
study suggests there could be a net antimicrobial stewardship benefit by using the
Xpert Xpress Strep A test first instead of culture for pharyngitis. Previous studies have
demonstrated that it is not possible to reliably distinguish bacterial from viral pharyn-
gitis in children (19). Although, internationally, there are a number of clinical prediction
tools to assess a child’s risk of having bacterial pharyngitis, these have not been vali-
dated in the New Zealand setting (16). The 2019 New Zealand sore throat guidelines
state that due to this lack of validation, clinical prediction rules should not be used to
manage GAS in New Zealand high-risk settings such as Counties Manukau (16).
Instead, New Zealand guidelines recommend that patients with pharyngitis who meet
high-risk criteria for rheumatic fever have a throat swab sent for culture and receive
empirical antibiotics. In this setting, the definition of high-risk includes personal/family
risk of rheumatic fever or two or more of M�aori or Pacific ethnicity, aged 3 to 35years,
and living in crowded circumstances or a low socioeconomic area (16). In our cohort,
59% (120/205) of the study population met high-risk criteria (16). Of these high-risk
patients, 72% (86/120) were both culture and Xpert Xpress Strep A negative and would
have been offered empirical antibiotics unnecessarily. Of the culture-negative/Xpert
Xpress PCR-positive swabs, 6/17 clearly represented true-positive PCR results, including
patients with recent positive GAS throat culture, positive streptococcal serology, or
new diagnoses of poststreptococcal conditions. Therefore, in our cohort, if Xpert
Xpress Strep A was used prior to throat culture, a rapid negative result would allow
doctors to confidently avoid unnecessary antibiotics for 86 patients. Allowing for treat-
ment of 11 possible false-positive PCR results, use of the Xpert Xpress Strep A test as
an initial test instead of culture would result in 75 fewer unnecessary prescriptions
(one-third of this cohort).

In this study, the Xpert Xpress Strep A increased the detection of GAS in patients
with possible ARF/PSGN/scarlet fever from 6/24 (25%) to 10/24 (41.7%). Increased
detection of GAS was also noted in Ralph et al., from 3 (12%) culture positives to 8
(32%) molecular positives (14). Given that evidence of antecedent GAS infection is a
diagnostic criterion for ARF and PSGN, improved and rapid detection of GAS will sup-
port prompt diagnosis of poststreptococcal sequelae.

The Xpert Xpress Strep A molecular test is significantly faster and less resource in-
tensive than both throat culture and the alternate molecular test used in this study,
BioGX. Although the BioGX was as sensitive as the Xpert Xpress Strep A, with an NPV
of 100%, it requires more laboratory hands-on time than the Xpert Xpress Strep A, is
most efficiently performed in batches of 12 or 24, and has a significantly longer proc-
essing time. The Middlemore laboratory typically receives less than 10 throat swabs
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FIG 1 (A) Cycle threshold (CT) values for Xpert Xpress molecular test by grade of group A streptococcus (GAS). (B) CT and GAS culture grade were
inversely associated on regression analysis. 0.5, few colonies; 1, mild growth; 2, moderate; 3, heavy growth.
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per day, and, with its rapid, on-demand processing, the Xpert Xpress Strep A test is
better suited to our population.

When comparing any molecular test to culture as the gold-standard, culture-nega-
tive/PCR-positive results can be difficult to interpret for a number of reasons illustrated
in this study. Primarily, the Xpert Xpress Strep A requires detection of the speB gene
rather than growth of GAS (17). A positive molecular result/negative culture could
therefore reflect the presence of nonviable GAS, recent infection, pretreatment, or low-
burden pharyngeal carriage (14, 20, 21). In this study, the CT of Xpert Xpress Strep A
culture-positive swabs was inversely correlated with the number of GAS colonies found
on culture. Culture-negative/Xpert Xpress Strep A-positive samples had a significantly
higher CT value than culture-positive samples. This illustrates that the Xpert Xpress
Strep A detects the presence of GAS at a lower threshold than achievable by culture
and is more sensitive. Although the speB gene is specific to GAS, there is evidence of
horizontal genetic material transfer between b-hemolytic streptococci as well as
reports of speB expression by GCS and GGS (14, 22–24). This could theoretically cause
false positives, and possible cross-reactivity was noted in the Ralph et al. paper with 2
GCS and 2 GGS isolates, each of which had high CT values approaching the upper limit
of detection (14). In our cohort, 2/17 culture-negative/Xpert Xpress Strep A-positive
swabs were culture positive for other b-hemolytic streptococci (GCS, GBS, GGS); one of
which had a community swab culture positive for GAS 1 day prior. Although these two
swabs may represent cross-reactivity, we were unable to replicate positive Xpert
Xpress Strep A results using a pure suspension of these isolates, and the remainder of
the 16 nongroup A b-hemolytic streptococci were Xpert Xpress Strep A negative.

Following the interim analysis of this study and the demands of SARS-CoV-2 PCR on
medical laboratory scientist time, the Xpert Xpress Strep A test has been introduced as
the initial test for all throat swabs arriving in the Middlemore Hospital Laboratory.
Negative Xpert Xpress Strep A swabs do not proceed to culture, and a negative molecu-
lar result is released to the clinical team. The introduction of the Xpert Xpress Strep A in
our setting does not replace the need for clinical assessment, nor the decision to treat.
We recognize that occasionally the diagnosis of non-GAS pathogens such as Fusobacteria
or Archanobacteria are important, and thus, electronic communication of a negative result
includes a statement that the swab will be stored for 7 days in case additional tests are
required. Positive Xpert Xpress swabs have an interim positive molecular result released
and go on to have confirmatory culture. This is particularly important in our context where
ARF is a notifiable public health condition and GAS isolates from patients with rheumatic
fever are sent to the national reference laboratory for emm typing. Although cross-reaction
with other b-hemolytic strep was not demonstrated in our study, culture of molecular pos-
itive isolates ensures this possibility is monitored.

A limitation of this study is that data collection was limited to electronic records without
access to detailed clinical notes or patient interviews; therefore, clinical details such as antibi-
otic dispensing information may be underestimated. In Counties Manukau, the majority of
primary and intermediate schools are enrolled in Mana Kidz, a school-based sore throat diag-
nosis and treatment program where antibiotic dispensing information is not always cap-
tured electronically. Also, although larger than the Australian cohort, the small sample makes
it difficult to interpret subgroup analyses (14). During the study, consecutive throat swabs
were included, and thus, laboratory scientists were not blinded to swab study involvement.
Anecdotally, during the study period, more purity plates, MALDI-TOF MS, and latex aggluti-
nation of possible b-hemolytic colonies were performed, and this may have increased the
sensitivity of throat culture during the study period. Lastly, we note the Xpert Xpress Strep A
requires a significantly larger sample volume (300ml) than culture (20ml) and BioGX PCR (50
ml). It is possible the larger sample volume contributed to the increased sensitivity of the
Xpert Xpress compared to both throat culture and BioGX. In future analyses, it would be
helpful to culture a larger volume for comparison. It is also important to note that because
the BioGX PCR is most efficiently performed in batches of 12 or 24, all samples were frozen
and thawed prior to having this molecular method processed. It is possible that freezing the
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samples may have altered the BioGX sensitivity and therefore affected the specificity of the
Xpert Xpress Strep A test compared to the composite gold standard.

Conclusion. In high-burden GAS settings such as Counties Manukau, New Zealand,
the Xpert Xpress Strep A molecular test is significantly faster than culture, has an excel-
lent NPV, and allows for rapid and reliable identification of patients with GAS pharyngi-
tis. A negative Xpert Xpress molecular test allows clinicians to confidently withhold
antibiotics and is likely to result in a net antimicrobial stewardship benefit in popula-
tions with a high burden of GAS-related disease.
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