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& Summary

Conventional microbiological methods for bacterial enteric disease diagnosis are time-con-
suming, labour intensive and provide low sensitivity. The aim of this study was to evaluate the
results of a new diagnosis strategy which replaces traditional stool culture with a molecular
detection using the BD MAX™ System (BD Life Sciences, Sparks, Maryland, United States) as
first-line assay together with reflective culture. A total of 1.590 specimens were prospectively
requested for stool culture. The molecular detection included the BD MAX enteric bacterial
panel together with the BD MAX extended enteric bacterial panel (BDM GIP) performed simul-
taneously on the same stool specimen. In 18.8% of specimens (176 of the 936 valid samples)
there was one or more than one target positive with the following percent positivity: 9.7%
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Campylobacter spp., 5.7% Salmonella spp., 1.3% Shiga toxin genes (stx1/stx2), 1.2% Shigella
spp./enteroinvasive Escherichia coli (EIEC), 1% Yersinia enterocolitica, 1% Vibrio spp. (V. vulnificus/V.
parahaemolyticus/V. cholerae), 0.3% Plesiomonas shigelloides, and 0.2% Enterotoxigenic E. coli
(ETEC) enterotoxin LT/ST genes. Positive reflective stool culture noted a correlation of 69.5%
with the molecular test, missing 23.9% and 15.4% in the cases of Campylobacter spp., and Sal-
monella spp., respectively. In conclusion, this clinical study demonstrated very good performance
of the BDM GIP. The performance and ease of use may provide advantages to many laboratories,
improving the detection of bacterial stool pathogens and time to reporting results.
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Introduction

Although diarrhoea deaths per year are higher in low
income populations, acute infectious gastroenteritis
accounts for substantial morbidity, mortality, and cost
also in high-income regions.! Etiologies of infectious
diarrhoea vary and could be bacterial, viral, or para-
sitic. Bacterial etiology is the second more prevalent
after viral, with Campylobacter spp. and Salmonella
spp. being the leading causes of enteritis in devel-
oped countries followed by infections with Aero-
monas spp., Yersinia spp., and Shiga toxin-producing
Escherichia coli (STEC).2

The identification of diarrhoeagenic pathogens is
important for both the further treatment of patients
and public health reports.> Diagnosing bacterial en-
teric disease is particularly problematic as stool cul-
ture remains the gold standard despite being a
moderately sensitive, time-consuming and labour-in-
tensive method.* Commensal microorganisms pres-
ent in stool may hinder the isolation of possible
pathogens, particularly when the pathogens are shed
in small amount? and some studies have shown a dia-
gnostic yield of stool culture as low as 1.5%.°

The BD MAX™ System (BD Life Sciences, Sparks,
Maryland, United States) is a fully automated device

VOL. 68 @ ISSUE 2, April-June 2023

Corresponding author

M.J. Munoz-Davila mariajose.munoz5@um.es
Avenida Intendente Jorge Palacios, 1

30001 Murcia Spain

Phone 34 968 35 90 00, Fax 34 968 35 90 01
https://orcid.org/0000-0002-5445-4521

with a turnaround time of approximately 3 h for up to
24 samples at once with less than five minutes of
hands-on time preparation per specimen.® In 2014,
the BD MAX enteric bacterial panel (EBP) assay for the
detection of Salmonella spp., Shigella spp./enteroin-
vasive E. coli (EIEC), Campylobacter spp., and Shiga
toxin genes was U.S. FDA cleared, European CE
marked, and Health Canada IVD approved.* As this
panel did not cover the full spectrum of enteric bac-
terial pathogens, the BD MAX extended enteric bac-
terial panel (EEBP) assay was launched to be used in
conjunction with the BD MAX EBP assay as an optional
master mix addition to detect Yersinia enterocolitica,
entero-toxigenic Escherichia coli (ETEC), Vibrio spp.,
and Plesiomonas shigelloides simultaneously.’”

Many reports demonstrate the higher sensitivity of
BD MAX EBP assay*®'" or a good correlation of the
EEBP assay’ compared to traditional culture. Molecular
panels are also more likely to detect coinfections.* La-
boratories have demonstrated significant reductions
in turnaround time with the use of molecular as-
says.'>'3 Thus, the BD MAX EBP assay can save techni-
cal effort and improve the time of results reporting.®
However, a few limitations of the BD MAX should be
also considered. Since these tests are based on the
detection of specific genetic targets, they are unable



to detect pathogens for which a target is missing.
Even though the EEBP assay widens the bacterial spec-
tra detected, an important enteric bacterial pathogen
such as Aeromonas spp. is not included.™ Another crit-
icism of molecular tests is that they diagnose without
strain isolation necessary for determining susceptibil-
ity to antimicrobial agents and for epidemiological
analyses in an outbreak situation. Anderson and col-
leagues suggested that subsequent culture of all pos-
itive stools could remedy this.®

In order to gain the speed and sensitivity of auto-
mated molecular tests, without losing strain isolation
for antimicrobial susceptibility testing (AST) and epi-
demiological purposes, our clinical laboratory imple-
mented a new algorithm which replaces traditional
stool culture with a molecular detection as first-line
assay followed by the reflective stool culture. We
chose the BD MAX system due to its targeted ap-
proach as multiplex assays that report bacterial, viral,
and parasitic targets simultaneously may generate re-
sults that are not requested by clinicians and create
complexities in reporting as well as in interpretation.'®
Thus, the aim of this study was to evaluate the results
of this new microbiological diagnosis strategy.

Material and methods

A total of 1590 specimens were prospectively re-
quested for stool culture at the General University
Hospital Reina Sofia (Murcia, Spain) from January to
July 2022. Stool samples were transported to the la-
boratory unpreserved in a clean container and stored
at 2-8°C until their processing. They were evaluated
first, according to a laboratory protocol in place, fol-
lowing Spanish Society of Microbiology guidelines,'®
while unformed stool samples were processed, first
by molecular methods according to our algorithm.

BD MAX assay
Stools from patients were systematically tested in the
BD MAX system between 10 to 17 h from their receipt
at the laboratory for the presence of bacteria using
both BD MAX Gastrointestinal panels (BDM GIP) in
conjunction as a first-line assay for diagnosis.

The samples were tested on the BD MAX System
using the BDM GIP according to manufacturer's in-
structions.

Directed stool culture based on the molecular test
(reflective culture)

The stool specimens were inoculated on different cul-
ture media depending on the bacterial target de-
tected by the molecular test. The inoculation took
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place between 13 to 20 h from their receipt at the la-
boratory and the samples had been stored at 2-8°C
until that moment.

Salmonella-Shigella agar (bioMérieux, Marcy-
I'Etoile, France) was sowed for the isolation of Salmo-
nella spp. and incubated at 37°C at least for 24 h. The
specimens were also incubated in a selenite broth
(Becton Dickinson, Heidelberg, Germany) for 24 hand
then the incubated suspension was inoculated on a
Salmonella-Shigella agar and incubated at 37°C for at
least 24 h.

A Campylobacter selective agar (bioMérieux) was
used for the isolation of Campylobacter spp. and was
incubated in a microaerophilic genbag (bioMérieux)
at 42°C.for 48 h.

For isolation of Yersinia spp., stool specimen was in-
oculated on Yersinia agar (bioMérieux) and incubated
for 48 h at 30°C.

Specimens positive for Shigella spp./EIEC and Shiga
toxin genes were inoculated on Salmonella-Shigella
agar and MacConkey agar (bioMérieux), and incu-
bated up to 48 h at 37°C.

ETEC enterotoxin genes and Plesiomonas shigel-
loides positive specimens were inoculated on Mac-
Conkey agar and incubated up to 48 h at 37°C.

For isolation of Vibrio spp., stool specimen was in-
oculated on blood agar (bioMérieux) and incubated
for 48 h at 37°C.

Bacterial identification

Suspected colonies were verified by MALDI-TOF MS
(Vitek® MS, bioMérieux). Furthermore, in case of Sal-
monella isolates, serological testing was conducted
with specific antisera (Becton Dickinson, Heidelberg,
Germany). When Shigella spp./EIEC target was de-
tected, the suspected colonies grown on the culture
plate were checked by the use of the VITEK®2 Micro-
bial GN ID testing system (bioMérieux), because reli-
able differentiation of Shigella spp. and E. coli by
MALDI-TOF MS has not been confirmed."”

Statistical analysis

The results of the BD MAX GIP assay and the reflective
stool culture were compared to the percentage of
positive samples detected by both assays. Demo-
graphic statistics were performed with the IBM SPSS
version 29.0.0.0. (241).

Results
Demographic data
A total of 1590 specimens were received at the micro-

biology laboratory for bacterial gastroenteritis dia-
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gnosis during the study period. All specimens were
collected prospectively. The patients’ mean age was
41.4 years (standard deviation, 29.29 years) with a
minimum of 14 days and a maximum of 97 years. Ap-
proximately 25% of specimens were from children <
12 years of age. A total of 55.1% (876/1590) of spe-
cimens belonged to women. Regarding sample
origin, stool specimens were collected at the primary
care department (1092/1590, 68.6%), from hospita-
lised patients (254/1590, 16%) and at the emergency
room department (207/1590, 13%).

In 2021, in our setting, we performed a total of 2459
traditional stool cultures and found a diagnostic yield
of stool culture of 9.1% (224/2459) (data not shown).

Specimens included in the analysis

A total of 619 (39%) specimens were unacceptable
and not analysed by BD MAX System due to high con-
sistency. The BDM GIP did not deliver a valid result in
10 (0.6%) cases due to unresolved or inhibitory sam-
ple or reagent failure. No technical errors of the BD
MAX System were recorded. In 8 out of these 10 spe-

cimens, in which there was enough sample left, tradi-
tional stool culture was performed for diagnosis, with
a no pathogenic bacteria detected result in all cases.
In 25 (1.6%) specimens received at the laboratory dur-
ing the study period, the BD MAX molecular tests
could not be performed in 24 cases due to a stock fai-
lure and in one case of a hospitalised patient, a differ-
ent molecular assay was used. So, a total of 936
(58.9%) specimens were included in the statistical
analysis (Fig. 1).

Performance of the BD MAX assay

Of 936 specimens, in 1.3%) cases the internal control
did not amplify but one of the tested targets did so
and it was accepted as a positive result. In 40 cases
(4.3%) the EEBP assay failed and only the EBP assay
was completed, leading to four negative results. In
720 cases (76.9%) the 8 samples yielded negative re-
sults. In 176 specimens (18.8%) one or more than one
pathogens were found as follows: 168 stool samples
showed one positive target, 10 specimens showed
two positive targets and only 1 stool sample showed
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three positive targets (Campylobacter spp., Plesio-
monas shigelloides and Vibrio spp.). Thus, a total of 191
positive targets, from 176 stool specimens, were
recorded during the study period (Fig. 1). Based on
the molecular method, the global percent positivity
rate was 20.4% (191/936) with the following distribu-
tion: 9.7% Campylobacter spp., 5.7% Salmonella spp.,
1.3% Shiga toxin genes,1.2% Shigella spp./EIEC, 1%
Yersinia enterocolitica, 1% Vibrio spp., 0.3% Plesio-
monas shigelloides, and 0.2% ETEC enterotoxin LT/ST
genes (Table 1).

In those 10 specimens which showed two positive
targets, Campylobacter spp. was detected in all cases,
together with Salmonella spp. in four specimens, Shi-
gella spp./EIEC in three cases, and, in one case each,
Shiga toxin genes, ETEC enterotoxin LT/ST genes and
Vibrio spp. Thus, Yersinia enterocolitica was never
found in combination with any other pathogen.

In 5 of the 11 cases of Shigella spp./EIEC positive
targets, preserved specimens in Cary-Blair transport
medium (FecalSwabTM, Copan Group, Brescia, Italy),
were sent to the reference national laboratory (Insti-
tuto de Salud Carlos Ill: National Centre for Microbiol-
ogy, Majadahonda, Spain) where diarrheagenic Esch-
erichia coli strains were detected by conventional PCR.
In four cases, genes codifying invasive proteins of en-
teroinvasive E. coli (ipaH) were found, and, in one case,
the gene codifying the virulence plasmid of enter-
oaggregative E. coli, was found (CVD432).
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Comparison to subsequent directed stool culture
Of 176 specimens which yielded a positive result by
the molecular test, 12 stool samples were not cultured
as there was not enough specimen.

Of the 191 positive targets, 14 cases were not com-
pared to culture as a toxin gene was detected (12
Shiga toxin genes and 2 enterotoxin LT/ST genes); in
4 out of the 12 stool samples that could not be cul-
tured, one of these toxin genes was detected. Thus, a
total of 177 positive targets detected were subject of
the comparative analysis with the directed stool cul-
ture results. Positive stool culture showed no dis-
agreement with the molecular test in 123 targets
detected, noting a correlation of 69.5%. So, there was
no isolation of pathogenic bacteria in the directed
stool culture of the remaining 46 (26%) positive tar-
gets detected by the molecular method (Fig. 1). In the
case of Plesiomonas shigelloides and Vibrio spp., none
of the molecular targets detected by the molecular
method were recovered in culture in all cases in which
the stool specimen was available. In case of Yersinia
enterocolitica, the reflective stool culture failed to re-
cover 4 out of 10 positive targets detected during the
study period. In the case of Shigella spp./EIEC target,
the reflective stool culture did not isolate any of those
two bacteria in 3 out of 9 specimens that could be cul-
tured. Regarding the most prevalent pathogenic en-
teric bacteria, Salmonella spp. could not be recovered
on the stool culture in 8 of the 52 (15.4%) cases con-

JEIUCR B Targets detected using BD MAX enteric bacterial and extended enteric bacterial assays.

Target Number of positive Percentage of positive
target detections (n=191) specimens (n=936)

Campylobacter (jejuni /coli) 91 (47.6%) 9.7%
Salmonella spp. 53 (27.7%) 5.7%
Shiga toxin genes (stx1/stx2) 12 (6.3%) 1.3%
Shigell A

1ge:a spp 11 (5.8%) 1.2%
enteroinvasive E. coli (EIEC)
Yersinia enterocolitica 10 (5.2%) 1.0%
Vibrio spp. (V. vulnificus/ 9 (4.7%) 1L.0%
V. parahaemolyticus/V. cholerae)
Plesiomonas shigelloides 3 (1.6%) 0.3%
Enterotox.igenic E. coli (ETEC) 2 (1.0%) 0.2%
enterotoxin LT/ST genes
Total 191 (100 %) 20.4%
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sidered. In case of Campylobacter spp., stool culture
was possible in 88 of the positive targets, without iso-
lation in 21 (21/88, 23.9%) cases. Correlation between
molecular test and reflective stool culture for each tar-
getis shown in Fig. 2. The percent positivity rate of en-
teric bacterial pathogens found by the BD MAX
system was 20.4% (191/936) (Table 1) while according
to culture it was 13.1% (123/936).

In the 8 cases in which Salmonella spp. was not iso-
lated by the reflective stool culture, the cycle thres-
hold (Ct) in the BD MAX System was higher than 30,
with a mean of 34.9 (range: 30.9-37.9). Out of the 21
cases in which Campylobacter spp. was not recovered
on the reflective stool culture, the Ct in the BD MAX
System was higher than 30 in only 5 cases with a
mean of 33.4 (range: 30.1-37.5).

Discussion

To our knowledge, this is the first prospective clinical
study which assays both BD MAX bacterial panels si-
multaneously and compares the results with the re-
flective culture.

In the study of Knabl and colleagues, the number
of cases in which the analysis with the BD MAX EBP
assay did not give a valid result initially was higher
than ours (8% and 0.6% respectively).’ They described

that failures of the molecular test appeared more
often in stool with a higher consistency than in soft or
liquid stool specimens. So, our lower percentage
could be due to our selection of unformed stool sam-
ples. A failure in the testing of 0.6% from a number of
1557 stool specimens that were tested by the Film-
Array® Gastrointestinal Panel was reported,'® and this
finding is in more accordance with our results. Ho-
wever, we found a percentage of 4.3 of specimens in
which the EEBP assay yielded an invalid result due to
inappropriate sample or reagent failure. No invalid re-
sults are described in the multisite evaluation of the
EEBP assay.” Further studies should evaluate the
higher percentage of invalid results with the EEBP
assay compared to the EBP assay when they are per-
formed at the same time.

The stratification based on the patients’ age and
the origin of the specimens is highly similar to that re-
cently described in another prospective study in our
country."

While assessing the targeted techniques, the cur-
rent study also evaluated the bacterial pathogens
causing acute gastroenteritis in our population; the
findings revealed that almost half of the cases were
attributed to Campylobacter spp. (47.6%) and a
quarter (27.7%) to Salmonella spp. This was followed
by Shiga toxin genes (6.3%), Shigella/EIEC (5.8%), Yer-
sinia enterocolitica (5.2%), Vibrio spp. (4.7%), P. shigel-

Figure 2 Correlation between BD MAX detection and stool culture result for each target based on the number of

positive targets subject of the comparative analysis.

VOL. 68 @ ISSUE 2, April-June 2023




loides (1.6%) and ETEC toxin genes (1%). Our findings
are in agreement with those published by Koo and
colleagues regarding the Singaporean population,
the prevalence of co-infections by two organisms
(1.0%) and also their majority of single-pathogen pos-
itive samples."

The correlation rate between the BD MAX and the
subsequent stool culture reached 69.5%. The BD MAX
had a higher overall detection rate (20.4%) compared
to the use of bacterial culture alone (13.1%). Our find-
ings show that the use of the culture method alone
would miss 46 (26%) out of 177 positive targets, in-
cluding Campylobacter (n=21), Salmonella (n=8), Shi-
gella/EIEC (n=3), Yersinia enterocolitica (n=4), Vibrio
spp. (n=7) and Plesiomonas shigelloides (n=3). This
could possibly be due to non-viable organisms or low
copy numbers present on the stool specimens that
failed to grow on culture.

Regarding Campylobacter spp., Gueduet and col-
leagues suggested that a BD MAX positive result for
Campylobacter with Ct >30 should have a special
comment until the stool culture was available as it
could represent a false negative. However, we only
had 5 of the 21 disagreements between BD MAX pos-
itive and culture negative for Campylobacter whose Ct
was above 30. Buchan and colleagues also reported
that 7/13 (53.4%) specimens positive for Campylo-
bacter spp. by the Pro-Gastro SSCS PCR and negative
by culture were not confirmed by an alternate PCR
method.?' Buss and colleagues noted 5/24 (21%) sam-
ples false positive for Campylobacter by FilmArray®
Gastrointestinal panel that were not confirmed by al-
ternate PCR, and Coste and colleagues reported con-
firming 9/15 (60%) false-positive results by using an
alternate PCR and EIA methods.'82?

Only 15.4% of the positive targets for Salmonella
spp., were not recovered by the reflective stool cul-
ture. A possible explanation for these results is the
greater sensitivity of the detection of Salmonella spp.
by stool culture compared to other enteric pathogens,
because of the enrichment in selenite broth.’23 All
the 8 positive targets, which were not recovered on
culture, showed Cts>30.

Our prevalence of diarrhoeagenic Escherichia coliis
in accordance with previous findings.”?* When a mi-
croorganism is in low numbers in stool specimens,
storage conditions may dilute the target below the
limit of detection for stool culture.* This fact con-
nected to the results observed in the reference labo-
ratory where none of the 5 stool specimens which
were sent recovered E. coli on culture and only the
characterisation of diarrheagenic Escherichia coli
strains by conventional PCR was performed.

In the systematic review and meta-analysis con-
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ducted by Riahi and colleagues, the pooled prev-
alence of Y.enterocolitica in cases of gastroenteritis
was estimated as 1.97% (1.32-2.74%) in the culture
method and 2.41% (1.07-4.22%) in the molecular
method which is in agreement with our culture and
molecular results.?

Stool culture in addition to the molecular method
has been suggested as a solution by some authors in
cases that Aeromonas spp. possibility needs to be ex-
cluded."

Economical parameters of a molecular assay imple-
mentation have not been calculated in this study. Ho-
wever, it should be noted that the economical
beneficial effects come from the reduced workload,
savings in time-consuming isolation procedures and
the increased diagnosis of defined pathogens which
should be notified.

To our knowledge, no data on implementation of
this assay in a routine workflow is available by now.
However, we acknowledge some of the study’s limi-
tations, such as the fact that we do not display the re-
sults for solving discrepancies between the molecular
method and culture, as future studies should be con-
ducted to demonstrate which actions are more effi-
cient and cost-effective.

Also, this is a single-site study. Additionally, a cor-
rect molecular diagnosis was assumed, but formally,
we could not settle the percentage of probable false
positives with the BD MAX system as we have not
used a reference method.

In summary, this clinical study demonstrated a very
good performance of the BDM GIP assay. Many labo-
ratories might take advantage of this strategy improv-
ing the detection of bacterial enteritis pathogens as
well as the reporting time, and enhancing the spec-
trum of epidemiological studies.
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Ot oupPaTtikég pikpoPiloloyikég pébodol yia tn Sidyvwon tng BAKTNPIAKAG YAOTPEVTEPITIONS
gival xpovoPodpeg, KOMWOELG Kal TTAPEXOLV XAUNAR evaloBnaoia. O 0TéX0G AUTAE TNG MEAETNG
ATav va a&loAoyroEl T AmOTEAECUATA JIAC VEAC OTPATNYIKAC S1Ayvwong Tou avtikabloTtd
TNV KAAGCIKA KAANIEPYELQ KOTIPAVWVY HE HOPIAKH AVIXVELON XPNOIKMOTIOIWVTAG TO CUOTNUA
BD MAX™ (BD Life Sciences, Sparks, Maryland, United States) w¢ peBodoMoyia mpwtng ypau-
MNC padi pe TNV KaAAEpyela. ZuVoAikd 1.590 deiypata Kompdvwy HEAETHONKAV yia PE KAA-
Aépyela. H poplakn avixveuon mepteAapfave 1o eviepikd Baktnplakd mavel BD MAX padi
ME TO EKTETAUEVO EVTEPLIKO Baktnplakd maveh BD MAX (BDM GIP) mou €ytve Tautdxpova oTo
i610 Seiypa kompdvwv. 210 18,8% Twv Setydtwy (176/936) avixveuBnke évag r TePIOCOTEPOL
amno évav otéxol BeTikoi pe TNV akdAouBbn mocooTiaia BetikotNTa: 9,7% Campylobacter spp.,
5,7% Salmonella spp., 1,3% yovidla Shiga toxin (stx1/stx2), 1,2% Shigella spp./evtepodielo-
Sutikn Escherichia coli (EIEC), 1% Yersinia enterocolitica, 1% Vibrio spp. (V. vulnificus/V. para-
haemolyticus/V. cholerae), 0,3% Plesiomonas shigelloides xai 0,2% yovidia evtepotoivng E.
coli (ECET) LT/ST. H kaANiépyela KOTIPAVWY €dwOE CUUPWVIA ATOTEAECUATWY O€ 69,5% Twv
OEIYUATWY PE TO HOPLAKO TEDT, UE ApVNTIKO ammoTéAeETHa o€ 23,9% Kal 15,4% Twv TEPIMTW-
ogwv Campylobacter spp. kai Salmonella spp., avtioTolxa. ZUUTEPACHATIKA, N KAIVIKF HEAETN
€de1€e koA anmodoon tou BDM GIP. H amddoon kat n eukoAia Xpriong MImopEi va mpoopépouv
TAEOVEKTAMATA O€ TTOANA £pyacTripla, BEATILOVOVTAG TNV avixveuon BakTnplakwy maboyo-
vwv o€ Seiypata KOmpavwy Kal HELWVOVTAG TO XPOVO ava@opdc TwV AMOTEAECUATWV.

Né€eic kAeibia

y Poxtnpiaxi) yoopeviepitioa, [Lopioki aviyveval,
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