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A B S T R A C T

We assessed the performance of PhenoMatrix digital imaging software in detection of Group B Streptococcus
from recto-vaginal swabs plated on a specific chromogenic medium, using the WASP automated processor.
PhenoMatrix algorithm showed a sensitivity of 100% and a specificity of 64.5%. False-positive results were
mainly due to commensal viridans streptococci.
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Streptococcus agalactiae (Group B Streptococcus − GBS) is a Gram-
positive bacterium that colonizes the gastrointestinal and genital
tract of about 15-40% of pregnant women (Russell et al., 2017).
Although GBS colonization usually remains asymptomatic, it can be
passed from the woman to her newborn during the process of labor,
potentially leading to pneumonia, septicaemia, and meningitis in the
infant (Seedat et al., 2018).

To prevent neonatal infection, pregnant women are usually
screened for GBS colonization at the third trimester of pregnancy (Fil-
kins et al., 2020). In the case of GBS colonization and risk factors for
an early onset GBS infection, intrapartum antibiotic prophylaxis is
prescribed (Kolkman et al., 2020).

Thus, a rapid and accurate detection of GBS is crucial for a correct
management during pregnancy and childbirth.

Bacterial culture from recto-vaginal swabs of LIM broth is the
gold-standard for the detection of GBS colonisation (Berg et al.,
2013). Recently, the use of selective and chromogenic media has
proved to increase the sensitivity of culture for GBS isolation (Salem
et al., 2015; Verhoeven et al., 2014).

In this context, the use of WaspLab system followed by PhenoMa-
trix digital imaging analysis software can significantly improve the
management of GBS culture in terms of diagnostic performances,
hands-on time, and turn-around time (TAT).

The WASPLab system (Copan Diagnostics) is composed of an up-
front specimen processing unit and an integrated track line to auto-
matically move inoculated culture plates from processing to
incubation to bench. The system also includes a digital imaging sys-
tem to record images of plates at programmable time points (Foschi
et al., 2020).

PhenoMatrix software (Copan Diagnostics) is an advanced artifi-
cial intelligence module with the capacity to develop algorithms able
to pre-assess and pre-sort culture plates based on its ‘reading’ of digi-
tal plate images. The software can segregate culture plates according
to whether they show growth or no growth, and the color detection
module can recognize and differentiate colony colors on chromogenic
media (Van et al., 2019; Faron et al., 2020).

Here, we assessed the performance of the PhenoMatrix software
used with CHROMagar StrepB chromogenic medium (Kima Meus) for
GBS detection. Routine visual inspection of plates was used to check
software analyses.

From December 2020 to February 2021, a total of 1068 recto-vagi-
nal swabs in LIM broth submitted to the Microbiology Unit of S.
Orsola-Malpighi Hospital (Bologna, Italy) for GBS detection were pro-
spectively analyzed.

LIM broths were incubated at 35-37°C for 18-24 hours, and, after-
wards, 1mL of LIM broth was inoculated by the WaspLab onto CHRO-
Magar StrepB medium. Cultures were incubated in aerobic
atmosphere at 35°C and digital images were captured at 16 hours
after plating.

Digital images of plates were automatically screened by Pheno-
Matrix. This software analyses the plates to identify differences in
growth and colony colour. A specific protocol was developed evaluat-
ing the medium type and the incubation time used by the laboratory
for GBS surveillance cultures. By means of this internal algorithm, the
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Fig. 1. . Images of representative cultures on CHROMagar StrepB medium. (A-B) Streptococcus agalactiae - GBS; (C) Streptococcus anginosus; (D) Enterococcus faecalis; (E) Strepto-
coccus oralis; (F) Staphylococcus epidermidis.
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software automatically sorted the cultures into the categories ‘nega-
tive for GBS’ and ‘potential-positive for GBS’. In our protocol, plates
with no bacterial growth or with blue/colourless colonies are marked
as GBS-negative, whereas plates with pink/light red/purple colonies
are defined as presumptive GBS-positive.

Cultures were also reviewed manually by a technologist to check
software analyses and scored for the presence or absence of colonies
resembling GBS.

Colonies consistent with GBS were confirmed by matrix-assisted
laser desorption ionization−time of flight (MALDI-TOF) identification.
A specimen was considered a true-positive if a colony was con-
firmed to be GBS by MALDI-TOF.

A total of 587 plates (55%) were correctly segregated as GBS-nega-
tive by PhenoMatrix, with no false-negative results. The automatic
reading system marked 481 plates (45%) as potentially positive; 158
of them were confirmed as GBS by MALDI-TOF.

The remaining cases (323; 30.2% of the total) sorted positive
by PhenoMatrix were characterized by the absence of pink colo-
nies at visual inspection (212 cases) or by a MALDI-TOF identifi-
cation different from GBS (111 cases). The first cases were due to
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the time lapse (approximately 4�8 hours) between the digital
and manual reading, leading to a change in colony color. Indeed,
we noticed that blue/green colonies of enterococci, when small,
can be characterized by a light-pink halo, leading to a positive
sorting by Phenomatrix.

The latter cases showed the following identifications: Strepto-
coccus mitis/oralis (38.7%), Streptococcus anginosus (19.8%), Lacto-
bacillus spp. (9%), Streptococcus salivarius (8.1%), Enterococcus
avium (6.3%), Enterococcus faecalis (6.3%), Streptococcus parasan-
guinis (4.5%), Enterococcus faecium (4.5%), Staphylococcus epidermi-
dis (0.9%), Streptococcus constellatus (0.9%) and Streptococcus
dysgalactiae (0.9%).

Representative images of positive and negative cultures on chro-
mogenic medium are presented in Fig. 1.

PhenoMatrix software used with CHROMagar StrepB medium
showed a sensitivity and a specificity for GBS detection of 100% and
64.5%, respectively. Negative and positive predictive values were as
follows: NPV = 100%, PPV = 32.8%.

Overall, our results agree with a recent report showing a sensitivity of
95.5% and a specificity of 63%, when PhenoMatrix software was com-
binedwith a chromogenic medium for GBS detection (Baker et al., 2020).

Considering that an accurate detection of GBS in pregnant women
by screening cultures is crucial for the prevention of neonatal infec-
tions, the algorithm of PhenoMatrix is tuned to detect all presump-
tive GBS colonies, avoiding the risk of false negative results. In line
with this idea, the proposed protocol showed an excellent sensitivity
and negative predictive value for GBS detection.

In previous studies, algorithmic detection on chromogenic media
demonstrated 100% sensitivity for the detection of presumptive posi-
tive cultures for methicillin-resistant Staphylococcus aureus, vanco-
mycin-resistant enterococci, and group A Streptococcus (Faron et al.,
2016; Cherkaoui et al., 2019; Van et al., 2019).

As noted in our experience, false-positive results can occur, due to
a combination of factors: (1) incomplete specificity of the chromo-
genic medium, (2) PhenoMatrix algorithm, set to sort as positive all
‘pink’ colonies, irrespective of the color intensity.

Most false-positive results were characterized by bacterial colo-
nies of light pink color (e.g., commensal viridans streptococci) instead
of mauve pink. To improve specificity, PhenoMatrix algorithm can be
modified, by means of a finer setting of the intensity/type of color for
plate sorting.

It should be remembered that the primary goal of utilizing chro-
mogenic media plus PhenoMatrix is to identify all the negative GBS
cultures rapidly and effectively, maximizing the negative predictive
value. Only the potentially positive cultures are then subjected to
MALDI-TOF, a rapid, cost-saving, and high-performing technique.

Further studies are needed to evaluate the cost-benefit ratio of the
proposed algorithm compared to other protocols, including PCR-
based methods. The use of NAAT for GBS detection is recently
increasing, thanks to the excellent sensitivity and speed and the
reduced hands-on time. However, PCR-based methods are often
more expensive and may have slightly lower specificity than culture
(Shin et al., 2019).

In conclusion, our protocol represents an excellent and cost-effec-
tive method for GBS detection from recto-vaginal swab cultures. The
use of digital imaging analysis and the implementation of dedicated
algorithms can increase laboratory automation and standardization,
reducing hands-on time and TAT for surveillance cultures.
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