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abstract
Four commercial transport systems for the recovery of Neisseria gonorrhoeae were evaluated in support of the
need to obtain culture isolates for the detection of antimicrobial resistance. Bacterial recovery from the InTray
GC system was superior with minimal loss of viability in contrast to non-nutritive transport systems.
Published by Elsevier Inc.
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Microbiologic detection of antimicrobial resistant bacteria varies
from traditional assessment of growth dynamics in the presence of antimicrobial agents to direct detection of genetic mutations associated
with resistance in clinical specimens. The application of genetic analysis
to detect antimicrobial resistance has extraordinary potential to decrease the time required for antimicrobial susceptibility results since
it's not dependent on bacterial growth but is limited by the requirement
for well characterized and conserved mutations. N. gonorrhoeae resistance to ciproﬂoxacin, a previously recommended antibiotic for the
treatment of gonorrhea, is conferred by mutations in the gyrA and
parC genes which have been targeted for direct detection of resistance
(Siedner et al., 2007; Magooa et al., 2013; Nicol et al., 2015). However,
ciproﬂoxacin is no longer recommended in the United States due to
established resistance among N. gonorrhoeae isolates (Centers for
Disease Control and Prevention, 2015), and mutations associated with
resistance to currently recommended combination therapy of ceftriaxone and azithromycin have yet to be sufﬁciently characterized for dignostic test development (Unemo & Shafer, 2014; Peterson & Martin,
2015). Culture isolation of N. gonorrhoeae for antimicrobial susceptibility testing is critical for conducting surveillance to detect emerging resistance and help evaluate potential treatment failures (Centers for
Disease Control and Prevention, 2014). N. gonorrhoeae is a facultative
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Gram-negative bacteria that has a low tolerance for survival in varied
temperature following clinical specimen collection and transport. Nutritive and non-nutritive transport systems are inoculated with clinical
specimens and are typically transported to the laboratory within
24 hours for optimal recovery. However, recovery rates may vary and
there are few comparative studies with clinical isolates (Farhat et al.,
2001; Wade & Graver, 2003; Arbique et al., 2000; Van Horn et al.,
2008; Wade & Graver, 2005; Graver & Wade, 2004). Here we evaluate
the recovery of N. gonorrhoeae from 4 commercial transport systems.
Six N. gonorrhoeae isolates collected from men with urethral discharge in 2013 were selected based on antimicrobial susceptibly patterns determined by agar plate dilution. Isolates 1 (PenRTetRCipR-1)
and 2 (PenRTetRCipR-2) were resistant, as deﬁned by the Clinical
Laboratory Institute Standards (CLSI), to penicillin, tetracycline and ciproﬂoxacin (Clinical Laboratory Standards Institute, 2015). The ceftriaxone and ceﬁxime minimum inhibitory concentration (MIC) values for
isolates 3 (CroDSCfmDS-3) and 4 (CroDSCfmDS-4) were 0.125 μg/mL
and 0.25 μg/mL, respectively. Isolates 5 (AziC-5) and 6 (AziC-6) had
azithromycin MIC values greater than or equal to 16 μg/mL. All isolates
were grown on chocolate agar for 24 h at 5% CO2 and suspended in
trypticase soy broth containing 20% glycerol for storage at −70 °C and
maintained in a frozen state using dry ice during shipment to 2 state
and one local public health laboratories in the United States. A fresh culture of each isolate was prepared as before and serially diluted in 0.85%
sterile saline to achieve concentrations of 104–108 colony forming units
per mL (CFU/mL). Swabs from the BD CultureSwab W/Media Collection
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and Transport System (Becton Dickinson Diagnostics Systems, Sparks,
MD), BD CultureSwab MaxV Collection and Transport System (Becton
Dickinson Diagnostics Systems, Sparks, MD), Copan Liquid Amies Elution Swab (Eswab) Collection and Transport System (Copan Diagnostics
Inc., Murrieta, CA) and cotton tipped swabs for use with the InTray GC
(Biomed Diagnostics Inc., White City, OR) were separately placed into
each of the 5 dilutions for 10 seconds. The BD CultureSwab W/Media,
BD CultureSwab MaxV and Copan Eswab were used to inoculate liquid
Amies media, respectively. The InTray GC plates were pre-warmed to
room temperature (approximately 25 °C) and inoculated with 25 μL of
the diluted suspensions. Inoculated liquid Amies media were held at either 4 °C or room temperature for up to 72 h. One set of InTray GC plates
was incubated for 24 h at 35 °C and then held at room temperature or
4 °C for up to 72 h. Another set of InTray GC plates was treated in the
same manner except that the plates were not incubated at 35 °C following inoculation but rather held at room temperature or 4 °C. Immediately following inoculation and at 24-h intervals, the concentration of
viable bacteria in liquid Amies medium was determined by serial dilution onto Modiﬁed Thayer Martin (MTM) plates, whereas the number
of colonies on each InTray GC plate was enumerated. All procedures
were performed at collaborating state public health laboratories and
data was analyzed at the Centers for Disease Control and Prevention.
The CFU/mL for each isolate, highest dilution with 30 to 300 colonies,
was averaged and log transformed for statistical analysis by a 2-tailed
Mann–Whitney test (signiﬁcant differences identiﬁed by P values ≤0.05).
Among the 4 collection and transport platforms, the InTray GC,
warmed to room temperature and incubated for 24 h at 35 °C following
inoculation, yielded the best recovery of bacterial CFUs with only a one
log decrease relative to the starting concentration (Fig. 1A). Using postinoculated incubated InTray GC plates, comparable bacterial levels were
measured for up to 72 hours of storage regardless of post-incubated
storage temperature (Fig. 1A-B). In contrast, inoculating InTray GC
plates and keeping them at room temperature or 4 °C without incubation at 35 °C resulted in a signiﬁcant 2 to 4 log decrease in bacterial
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viability within 24 h from time of inoculation (P b 0.001) (Fig. 1C-D).
At 72 h, 2 isolates were viable if the InTray GC plates were kept at
room temperature (Fig. 1C) and only one viable isolate detected if kits
were refrigerated after inoculation (Fig. 1D).
For non-nutritive transport systems, there was a large decrease in bacterial viability following 24 h (P = 0.009) and a complete loss at 48 h
(P b 0.0001) when the BD CultureSwab W/Media was used to inoculate
Amies medium (Fig. 2A-B). A similar but less dramatic trend was observed
with the BD CultureSwab MaxV with all isolates maintaining viability at
48 h with a 5 to 6 log decrease if Amies medium was refrigerated postinoculation (P b 0.0001; Fig. 2C-D). The Copan Eswab was slightly better
than the BD CultureSwab MaxV with an approximate 4 log decrease after
24 h (P ≤ 0.004) (Fig. 2E-F), and only a modest change between 24 and
48 h (P = 0.01) at ambient temperature storage (Fig. 2F). At 72 h, all isolates
remained viable at low concentrations from refrigerated media (Fig. 2E),
but only one isolate remained viable if the Amies medium containing the
Copan Eswab was kept at room temperature post-inoculation (Fig. 2F).
There were no observed differences in bacteria viability associated with isolates with dissimilar antimicrobial susceptibility patterns.
Incubation of inoculated InTray GC plates at 35 °C for 24 h provided
optimal recovery of N. gonorrhoeae whether the plates were kept at
room temperature or refrigerated post-inoculation. Viability was maintained for up to 72 h when InTray GC plates were incubated following
inoculation, which contrasted to the poor bacterial viability observed
on InTray GC plates that were not incubated following inoculation.
The use of the Copan Eswab yielded slightly better viability than the
BD CultureSwab MaxV with Amies medium, with all isolates being recovered in low concentrations after 48 h. The performance of the BD
CultureSwab was extremely poor; all isolates were unrecoverable
after 48 h. The use of various clinical isolates did not affect this study's
outcome in contrast to a previous study with marked differences in
the recovery of various N. gonorrhoeae auxotypes suggesting that isolate
selection is important when assessing the performance of transport
media (Graver & Wade, 2004).

Fig. 1. Detection of viable Neisseria gonorrhoeae from InTray GC systems subject to varying conditions. A, InTray GC plates incubated for 24 h at 35 °C following inoculation and held at room
temperature (approximately 25 °C) for up to 72 h. Time 0 represents the colony counts performed from 100 μL aliquots of each serial dilution spread on Chocolate agar and incubated at
35 °C for 18–24 h. There were no signiﬁcant (P b 0.001) differences in N. gonorrhoeae at any time interval. B, InTray GC plates incubated for 24 h at 35 °C following inoculation and held at
4 °C for up to 72 h. Time 0 represents the colony counts on the InTray GC plates 24 h after incubation. There were no signiﬁcant (P b 0.001) differences in N. gonorrhoeae at any time interval.
C, InTray GC plates held at room temperature for up to 72 h following inoculation. Time 0 represents the colony count of the inoculum. Signiﬁcant loss of viability (P b 0.001) occurred
between the 0 hour and 24 hour time points, with continued loss of viability up to 72 hours, with only 2 of 6 strains having detectable levels of organisms at 72 h. D, InTray GC plates
held at 4 °C for up to 72 h following inoculation. Time 0 represents the colony count of the inoculum. Signiﬁcant loss of viability (P b 0.001) occurred between the 0 hour and 24 h
time points, with continued loss of viability up to 72 h, with only one of 6 strains having detectable levels of organisms at 72 h.
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Fig. 2. Detection of Viable Neisseria gonorrhoeae from non-nutritive culture systems subject to varying conditions. A, N. gonorrhoeae spiked BD CultureSwab W/Media and inoculated into
Amies medium which were then refrigerated at 4 °C post-inoculation. Complete loss of viability by 48 h (P b 0.0001). B, N. gonorrhoeae spiked BD CultureSwab W/Media and inoculated
into Amies medium which were then stored at room, temperature (approximately 25 °C) post-inoculation. Complete loss of viability by 48 h (P b 0.0001). C, N. gonorrhoeae spiked BD
CultureSwab MaxV and inoculated into Amies medium which were then refrigerated at 4 °C post-inoculation. Three of 6 strains were viable at 72 h. D, N. gonorrhoeae spiked BD
CultureSwab MaxV and inoculated into Amies medium which were then stored at room, temperature (approximately 25 °C) post -inoculation. Complete loss of viability at 72 h
(P b 0.0001). E, N. gonorrhoeae spiked Copan Eswab and inoculated into Amies medium which were then refrigerated at 4 °C post-inoculation. All strains had varying degrees of loss,
but all with detectable levels at 72 h. F. N. gonorrhoeae spiked Copan Eswab and inoculated into Amies medium which were then stored at room temperature (approximately 25 °C) post inoculation. Only one strain remained viable at 72 h.

This study clearly demonstrates that a nutritive system such as the
InTray GC would be optimal to transport viable N. gonorrhoeae to the
laboratory. These results support a previous study that demonstrated
equivalent recovery of N. gonorrhoeae from InTray GC and MTM plates
inoculated with endocervical specimens from women presenting at a
sexually transmitted disease clinic (Beverly et al., 2000). Acceptability
of a non-nutritive transport system was limited to Amies medium inoculated with either the Copan Eswab or BD CultureSwab MaxV. However,
the large decrease in bacterial concentration after 24 h suggests that a
large initial inoculum would beneﬁt recovery. InTray GC plates may be
considered for the collection and transport for viable N. gonorrhoeae isolates in settings where transit time may be greater than 24 h.
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