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Abstract
We evaluated the utility of Bacti-Swab™ NPG Modified Stuart’s medium (Remel) in maintain-
ing viable Gram negative (Acinetobacter calcoaceticus) and Gram positive bacteria (Streptococcus
iniae and S. agalactiae) for up to 10 days.  In the first experiment, qualitative assessment of the
viability of S. iniae, S. agalactiae, and A. calcoaceticus swabbed from cultures was determined in
vitro.  In the second experiment, quantitative assessment of the viability of S. agalactiae was de-
termined from swab cultures following intraperitoneal inoculation of Nile tilapia (Oreochromis
niloticus) and re-isolation of the bacterium from brain, kidney, and intestine of diseased fish.
Transport swab media ampoules were either broken or unbroken for each bacterial species and
time period (4, 5, 7, and 10 days) to determine the optimal conditions of transport.  Our results
indicate that transport swabs with broken media ampoules optimize conditions for the viability
of Gram negative bacterial species and unbroken media ampoules optimize conditions for the
viability of both Gram positive and negative bacterial species.  Under these conditions, bacteria
remain viable for 10 days.  Media appears to be unnecessary for maintaining bacterial viability,
particularly for Gram positive bacterial species.  Field investigations involving collections of
microbial samples should include consideration of sampling methodology, transport time, and
target organisms.

Introduction
Field sampling of microbiological flora from
fish for research or diagnostic purposes ne-
cessitates an effective method for the collec-
tion, transport, and maintenance of bacterial
specimens for varying transport periods.  Fish
mortality events occur worldwide, sometimes
in remote sites where necessary laboratory
facilities, equipment, or personnel are una-
vailable.  A system capable of maintaining
viable cultures over an extended period of

time is crucial in instances when samples need
to be shipped to a designated laboratory for
analysis.  It is also necessary to know the
amount of time a sample remains viable from
the time it is acquired.

Transport systems, self-contained swabs
paired with an ampoule of non-nutrient me-
dia, are commercially available from many
sources.  Media contained in these transport
systems is available in many forms including
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semi-solid, agar gel, or liquid.  Although de-
signed for use primarily with gonococcal
specimens which survive poorly over a pe-
riod of 24-48 hours, organisms other than
Neisseria and including Streptococcus have
been successfully recovered when specimens
are sent from isolated areas over a time inter-
val of 3-5 days  (Moffett et al., 1948; Stuart et

al., 1954).  Collection and transport systems
appear to provide a functional vehicle for the
movement of microbiological samples from
the field to the laboratory.  Studies conducted
previously on the effectiveness of these sys-
tems focused on their ability to retain Gram
negative bacterial species, and although vi-
able cultures of desired species were often
retrieved, difficulties occurred in isolation of
the desired species as the media supported
the viability of normal flora, including
Aeromonas hydrophila, Pseudomonas fluorescens,

and other motile aeromonads (Cipriano and
Bullock, 2001).  In studies conducted on the
flora of normal and diseased Atlantic
menhaden, Brevoortia tyrannus, recovery of
Acinetobacter spp. and additional multiple
species of Gram negative bacteria was com-
mon following transport in Stuart’s media
transport systems with broken media am-
poules after 4 days (unpublished data).  Two
species of Gram positive cocci, S.  iniae and S.

agalactiae, have been identified in recent years
as emerging bacterial fish pathogens in both
freshwater and marine environments (Shoe-
maker and Klesius, 1997; Austin, 1999) and
have been effectively recovered from swab
transport systems in the absence of media
from apparently healthy fish and during fish
epizootics (Shoemaker et al., 2001; Evans et al.,
in press).

The aim of this paper was to determine the
effectiveness, length of time, and conditions
of the Stuart’s media transport system in
maintaining viable bacterial cultures.

Materials and Methods
Collection and transport system (Bacti-
Swab™ NPG, Remel, Inc. Lenexa, KS)
formulation
Each collection and transport system is a com-
posite of one ampoule of 0.5 mL Modified
Stuart’s medium consisting of 10.0 g sodium
glycerophosphate, 1.0 g sodium
thioglycollate, 0.1 g calcium chloride dihy-
drate, and 1000 mL deionized water; and one
rayon-tipped, sterile mini-swab with
aluminum shaft in cap with translucent plas-
tic tube.  The pH of the media is 7.3 ± 0.2 at 25
°C.  The Bacti-Swab™formulation of Stuart’s
medium is modified because the agar has
been omitted (Remel, 1991).

Bacterial isolates
For the in vitro portion of the study, three cocci
isolates were used (one Gram negative,
Acinetobacter calcoaceticus and two Gram posi-
tive, S. iniae and S. agalactiae).  The A.

calcoaceticus was obtained from a skin lesion
of Atlantic menhaden (Brevoortia tyrannus).
The S. iniae was the American Type Culture
Collection (ATCC) type isolate (ATCC 29177)
obtained from a freshwater dolphin
(Buster)(Pier and Madin,1976).  The S. agalctiae

was obtained from the brain of a diseased
mullet (Liza klunzingeri) involved in a massive
fish kill in Kuwait Bay (Evans et al., in press).
All isolates were streaked onto sheep blood
agar (SBA; Remel) and allowed to incubate at
30°C for 48 hours to obtain growth of isolated
colonies of pure cultures.  Two or three
Stuart’s media transport swabs were used to
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obtain one colony forming unit (CFU), each
from the A. calcoaceticus and media ampoules
were broken, and two or three swabs were
taken with the media ampoules left intact for
each transport time period.  Six swabs each
were taken from the S. iniae and S. agalactiae

cultures and three swabs were broken and
three swabs were left intact for each species
and transport time period.  Again, only one
CFU per swab was selected per swab.  As a
control, two swabs were left uninoculated
(Table 1).

The swabs were allowed to incubate at ambi-
ent temperature (25-26° C) for 4, 5, 7, or 10
days.  After each time period, the swabs were
streaked onto a 5% sheep blood agar plate in
three equal quadrants.  Plates were stabbed
using a sterile inoculating loop and incubated
at 30°C.  Bacterial viability was assessed at 24
and 48 hour intervals as - (no growth); + (mini-
mal growth=growth in one quadrant);
++(moderate growth= growth in two quad-
rants); and +++ (heavy growth= growth in all
three quadrants).

Fish Inoculation
For the in vivo portion of the study, Nile tilapia
(N=24) with mean lengths (81.3 mm) and
weights (10.7 g), were separated into two
groups of twelve fish and placed in aerated
tanks at 31°C.  Prior to initiation of infectivity
trials, brain and head kidneys from five tilapia
were cultured for the presence of S. agalactiae.

All fish were culture negative.  Streptococcus

agalactiae inoculum was prepared by streak-
ing the isolate on three SBA plates and al-
lowed to grow in an environment of air for 24
hours at 35°C.  Following incubation, the cells
were harvested utilizing a sterile wooden
scraper and cotton swab and cells were trans-

ferred into 10 mL of sterile tryptic soy broth
(TSB; Difco Laboratories, Detroit, MI).  The
inoculum was mixed via inversion and al-
lowed to stand for two minutes.  An optical
density reader was zeroed at 540 nm using 1
mL sterile TSB.  Using the same cuvette
(rinsed three times with distilled water), the
inoculum was brought to an optical density
(OD) of 1.4 corresponding to a McFarland
standard 10.  The remaining suspension, ad-
justed to OD 1.4, was placed in an ice bath.

The tilapia were anesthetized using tricaine
methanesulfonate (Finquel; Argent Laborato-
ries, Redmond, WA) according to the manu-
facturer’s instructions.  Twelve treated fish
each received 0.1 mL of undiluted inoculum
by intraperitoneal (IP) injection, while the
twelve control fish each received 0.1 mL of
sterile TSB.  At the first signs of S. agalactiae

infection in the treated fish [previously de-
scribed as lethargy, abnormal swimming, ex-
ternal hemorrhagic lesions, and fluid filled
abdominal cavities (Evans et al., in press)] all
experimental and control tilapia were sacri-
ficed.  The brain, head kidney, and intestine
of each fish were swabbed.  The swabbed or-
gans of three inoculated and three control
(uninoculated) fish were grouped into four
experimental time periods: 4, 5, 7, or 10 days.
Within these groups, all swabs were left with
the media ampoules intact, with the excep-
tion of an individual fish from both the treated
and control groups where a second set of
brain, head kidney, and intestine swabs were
taken and the media ampoules broken.
Uninoculated swabs, one with the media
ampoule intact and one with the media am-
poule broken, were also assessed at each time
period (Table 2).  All the swabs were allowed
to remain at ambient temperature (25-26° C).
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Bacterial survival and identification
Following each time period, the swabs from
each organ (3 unbroken ampoules, 1 broken
ampoule) were streaked onto SBA by passing
the individual inoculated swabs over the agar
surface ten times on a line 5 cm long, with 2
cm between each streak.  The streaks were
stabbed at each end with a sterile inoculating
loop.  Uninoculated swabs, one with the me-
dia ampoule intact and one with the media
ampoule broken, were also streaked onto SBA
to serve as uninoculated controls.  The SBA
plates were incubated at 35°C and bacterial
growth was assessed at 24 and 48 hour inter-
vals as -(no growth); + (minimal growth=1-3
CFU); ++ (moderate growth= 4-6 CFU); and
+++ ( heavy growth=>  6 CFU).  After 48
hours, Gram stains were performed on indi-
vidual colonies and Gram negative colonies
were subcultured onto one SBA plate for pure
culture isolation, while Gram-positive colo-
nies were subcultured onto two SBA plates

for each colony (to assure enough colonies to
perform identification using the Biolog
microplate system).  The identification of pure
cultures recovered from the tilapia was per-
formed using the Biolog microplate system
(Biolog, Hayward, CA) according to manu-
facturer instructions.  The plates were incu-
bated at 30°C and read at 4 to 6 hour and 16
to 24 hour time intervals.

Results
Stuart’s media transport swabs could main-
tain viable bacterial cultures over an extended
period of time depending on the bacterial spe-
cies and whether the transport system me-
dium ampoule was broken or not broken.
Swabs inoculated with A. calcoaceticus with
media ampoules broken, produced heavy
growth at 4 and 5 days, no growth at 7 days,
and moderate growth at 10 days following
incubation on SBA plates at 24 and 48 hours.
A similar pattern was noted for Acinetobacter

Table 1. Viability of Acinteobacter calcoaceticus, Streptococcus iniae and S. agalactiae in vitro using Remel collection and transpor
system containing modified Stuart’s medium. 1Acinetobacter calcoaceticus BV ALC (00-DE-AM-308 HK), Streptococcus iniae
(ATCC type isolate 29177, Buster) and Streptococcus agalactiae (group B) (MU #3) from USDA/ARS/AAHRL culture collection
2B=broken media ampoule, UB=unbroken medium ampoule in transport system. 3Number of swabs cultured. For A
calcoaceticus, 3 swabs were cultured for 7 and 10 day transport periods. 4Period of time inoculated swabs were allowed to
remain at ambient temperature. 5Incubation on SBA at 30OC.

airetcaB 1 eluopmA 2 N3

doirepemittropsnarT 4

4yaD 5yaD 7yaD 01yaD

h42 5 h84 h42 h84 h42 h84 h42 h84

sucitecaoclac.A B 3/2 +++ +++ +++ +++ - - ++ ++

sucitecaoclac.A BU 3/2 +++ +++ +++ +++ ++ ++ ++ ++

eaini.S B 3 - - - - - - - -

eaini,S BU 3 ++ +++ ++ ++ + + + +

eaitcalaga.S B 3 - - - - - - - -

eaitcalaga.S BU 3 +++ +++ +++ +++ +++ +++ +++ +++

lortnoC 7 B 1 - - - - - - - -

lortnoC BU 1 - - - - - - - -



Bull. Eur. Ass. Fish Pathol., 22(4) 2002, 242

growth when swab media ampoules were un-
broken, although moderate growth was noted
at 7 days (Table 1).  Swabs inoculated with S.

iniae and S. agalactiae with media ampoules
broken did not exhibit growth on SBA plates
at any time period.  In contrast, swabs inocu-
lated with S. agalactiae with media ampoules
intact showed heavy growth on SBA at all
time periods.  Moderate growth of S. iniae on
SBA was noted at 4 and 5 days with growth
diminishing at 7 and 10 days (Table 1).  Pure
cultures were obtained of each isolate when
growth was noted.  No contamination was
found on SBA streaked with uninoculated
swabs with broken or intact ampoules.

Bacterial viability of Gram positive and nega-
tive organisms isolated from transport swabs
with media ampoules intact or broken, taken
from organs of uninoculated tilapia and
tilapia inoculated with S. agalactiae, is pre-
sented in Table 2.  Transport swabs of fish or-
gans with unbroken media ampoules sup-
ported minimal or no bacterial growth from
either uninoculated or inoculated tilapia at all
time periods (Table 2).  Minimal growth was
noted following a transport period of 4 days
from the intestine and at 5 days from the brain
and head kidney of uninoculated fish from
swabs with media ampoules intact.  No bac-
terial growth was noted at 7 and 10 days from

hsiF 2 eluopmA 3 nagrO 4 N5

doirepemittropsnarT 6

4yaD 5yaD 7yaD 01yaD

h42 7 h84 h42 h84 h42 h84 h42 h84

detaluconi B B 1 +++ +++ +++ +++ +++ +++ +++ +++

detaluconi B I 1 +++ +++ - + +++ +++ +++ +++

detaluconi B KH 1 - - +++ +++ +++ +++ +++ +++

detaluconi BU B 3 + *+ + + + + - *+

detaluconi BU I 3 + *+ + *+ + + - +

detaluconi BU KH 3 + *+ + *+ - - - *+

detaluconinu B B 1 ++ +++ +++ +++ +++ +++ +++ +++

detaluconinu B I 1 +++ +++ +++ +++ ++ ++ - -

detaluconinu B KH 1 - - - - - - - -

detaluconinu BU B 3 - - - + - - - -

detaluconinu BU I 3 + + - - - - - -

detaluconinu BU KH 3 - - - + - - - -

detaluconinu B A/N 8 1 - - - - - - - -

detaluconinu BU A/N 1 - - - - - - - -

Table 2. Viability of Gram+ and Gram- organisms1 isolated from tilapia inoculated with S. agalactiae and
uninoculated fish using Remel collection and transport system containing modified Stuart’s medium. 1Growth
of multiple bacterial species identified by Biolog and including Aeromonas sp., Aeromonas hydrophila DNA
group 1 Corynebacterium jeikium, Pseudomonas sp., Pseudomonas putida biotype A, Staphylococcus sp. and
*Streptococcus agalactiae (see tables 3a and 3b for specific isolates).2Tilapia (Oreochromis niloticus) IP inoculated
with 0.1ml of 3.8 x 109 cfu/ml of S. agalactiae (group B). Uninoculated tilapia received 0.1ml tryptic soy
broth. 3B=broken media ampoule, UB=unbroken medium ampoule in transport system. 4Brain, Intestine,
Head Kidney. 5Number of fish organs cultured per time period. 6Period of time inoculated swabs were
allowed to remain at ambient temperature. 7Incubation on SBA at 35OC. 8Swabs not exposed to fish organs,
but streaked onto SBA to establish sterility of medium.
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any organ of uninoculated fish from swabs
with media ampoules intact.  Minimal growth
was noted from swabs with media ampoules
intact following all transport time periods
from brain and intestine of fish inoculated
with S. agalactiae.  The head kidney was cul-
ture positive at 4, 5, and 10 days, but not at 7
days under these conditions.  Streptococcus

agalactiae was identified from at least two of
three organs at 48 hours from all time inter-
vals (Table 2).  Uninoculated swabs were
found to be sterile.  The percentage of swabs
with unbroken ampoules that were culture
positive for bacteria at 48 hours and identi-
fied by Biolog is shown in Table 3a.  All or-
gans from inoculated tilapia were culture
positive for S. agalactiae at 4 days.  Streptococ-

cus agalactiae was confirmed from the intes-
tine and head kidney in 66.7% of the swabs at
5 days.  No S. agalactiae was identified at 7
days.  Streptococcus agalactiae was confirmed
from the brain and head kidney in 66.7% and
33.3 %of the swabs, respectively at 10 days.
Bacterial isolates, Aeromonas hydrophila DNA
group 1, two unidentified Gram negative iso-
lates, and Corynebacterium jeikeium were noted

from 33.3% of either brain or intestine swabs
at 5, 7, and 10 days, respectively (Table 3a).

Swabs with unbroken ampoules from
uninoculated tilapia did not yield S. agalactiae

from any organ.  Bacterial isolates, Staphylo-

coccus sp, and two unidentified Gram nega-
tive isolates were noted from 33.3% of the
swabs at either 4 or 5 days.  No bacterial
growth was noted at 10 days in swabs with
media ampoules intact from the uninoculated
fish.

Bacterial growth was greatest from brain and
intestinal swabs with media ampoules broken
from both inoculated and uninoculated fish
(Table 2).  However, no growth was noted
from the head kidney of uninoculated fish
from swabs with broken ampoules.  All or-
gans of inoculated fish and brain of
uninoculated fish exhibited heavy growth af-
ter 10 days from swabs with media ampoules
broken (Table 2).  Bacterial species isolated
from organs of either inoculated or
uninoculated tilapia, from swabs with broken
ampoules, were predominantly Gram nega-

Table 3a. Percentage of transport swabs with
unbroken media ampoules culture positive after 48
hours and identification of isolates by Biolog
microbial identification system. 1Streptococcus
agalactiae (group B). 2Aeromonas hydrophila DNA
group 1. 3Could not be identified by Biolog.
4Corynebacterium jeikeium. 5Staphylococcus sp. 6Zeros
represent no growth from swab on SBA or Gram-
isolate not selected for identification.

hsiF nagrO N
doirepemittropsnarT

4yaD 5yaD 7yaD 01yaD

detaluconi niarB 1 001 1 001 3 001 3 001 3

detaluconi enitsetnI 1 001 1 0 001 3 001 3

detaluconi yendikdaeH 1 0 001 2 001 3 001 3

detaluconinu niarB 1 001 2 0 0 001 3

detaluconinu enitsetnI 1 001 2 0 0 0

detaluconinu yendikdaeH 1 0 0 0 0

Table 3b. Percentage of transport swabs with broken
media ampoules culture positive after 48 hours and
identification of isolates by Biolog microbial
identification system. 1Aeromonas sp., A. hydrophila
DNA group 1. 2Pseudomonas sp., Ps. putida Biotype
A. 3Could not be identified by Biolog. 4Zeros
represent no growth from swab on SBA or Gram-
isolate not selected for identification.

hsiF nagrO N
doirepemittropsnarT

4yaD 5yaD 7yaD 01yaD

detaluconi B 3 7.66 1 3.33 2 3.33 3 7.66 1

detaluconi I 3 7.66 1 7.66 1 3.33 3 3.33 4

detaluconi KH 3 3.33 1 7.66 1 0 3.33 1

detaluconi B 3 0 06 0 0

detaluconinu I 3 3.33 5 0 0 0

detaluconinu KH 3 0 0 0 0
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tive bacterial species and included Aeromonas
sp., A. hydrophila DNA group 1, Pseudomonas

sp., and P. putida biotype A (Table 3b).  Strep-

tococcus agalactiae was not isolated from any
organ of fish from swabs with broken am-
poules.

Discussion
Bacti-Swab™ NPG Modified Stuart’s medium
transport systems are effective at maintain-
ing viable Gram positive, S. iniae and S.

agalactiae, and Gram negative, A. calcoaceticus

for up to 10 days provided the media am-
poules are not broken and swabs remain dry.
Differences in amounts of growth over time,
however, were noted between bacterial spe-
cies.  Streptococcus agalactiae appears to with-
stand dessication better than S. iniae.
Acinetobacter calcoaceticus, on the other hand,
does not appear to have a preferential envi-
ronment and can survive for up to 10 days in
either a dry or moist environment.

The in vitro assessment of bacterial viability
performed in the absence of potential con-
taminating normal flora encountered from
cultured fish organs, indicates the
survivability of these organisms in the ab-
sence of species competition.  In light of these
findings, it would be cost effective to use com-
mercial transport systems without media to
maintain bacterial viability of Streptococcus

and Acinetobacter and reduce overgrowth of
normal fish flora, predominantly Gram nega-
tive bacterial species such as Aeromonas sp.

and Pseudomonas sp. which are routinely re-
ported as contaminants.

Recovery of S. agalactiae from infected tilapia
was achieved using transport swabs with
unbroken media ampoules indicating that

Stuart’s media is not necessary for recover-
ing these organisms from fish.  Differences in
recovery of S. agalactiae over time, however,
were noted depending on the organ swabbed.
Overall, head kidney, a commonly cultured
site for pathogen detection, yielded the low-
est recovery of S. agalactiae and brain yielded
the highest recovery of S. agalactiae.  These
results may reflect the level of infection or
number of culturable organisms within an
organ from individual fish.  In a S. agalactiae

fish epizootic in Kuwait Bay, Arabian Gulf,
76% of the brain swabs collected from dis-
eased mullet were culture positive for S.

agalactiae, although only 36% of head kidney
samples were culture positive for S. agalactiae

(Evans et al., in press).

Our present results indicate that recovery of
S. agalactiae can occur from 4 days up to 10
days following isolation from infected tilapia
using swabs with media ampoules broken, al-
though it appears the most consistent recov-
ery occurred at 4 days in the incubation peri-
ods studied.  This suggests the maximum
transit time from sample acquisition to
processing in the laboratory for best recovery
of this organism is 4 days.  While the process-
ing of specimens should occur as quickly as
possible, Evans et al. (in press) isolated S.

agalactiae from 82.1% of diseased mullet us-
ing Bacti-Swab™ with unbroken ampoules
that were in transit for 4 days before labora-
tory receipt.

Gram positive cocci and bacilli, Staphylococ-

cus sp and Corynebacterium sp, were isolated
from inoculated and uninoculated tilapia in-
testine at 4 and 10 days suggesting that these
organisms were normal flora and able to re-
sist dessication.



Bull. Eur. Ass. Fish Pathol., 22(4) 2002,  245

Some streptococci, S. pyogenes (Group A) and
S. agalactiae, and additional Gram positive
cocci and bacilli species, Staphylococcus spp.
and Corynebacterium spp., have been reported
to withstand dessication although duration of
dessication was not provided (Murray, 1998).
Collection and transport of pyogenic strepto-
cocci on dry swabs has been suggested for
specialized assays including direct antigen
tests for these organisms (Facklam and Wash-
ington, 1991; Murray, 1998).  However, sev-
eral organisms, including C. diphtheriae and
S. pyogenes, have been recovered with success
when specimens were sent from isolated ar-
eas over a time interval of 3-5 days in modi-
fied Stuart’s media (Stuart et al., 1954) al-
though the manufacturer of Bacti-Swab™
NPG Modified Stuart’s medium has reported
reduced recovery of Streptococcus organisms
at 24 hours (Remel, 1991).

Our results indicate that S. agalactiae is not
recoverable from swabs inoculated from sin-
gle colonies or infected fish organs with me-
dia ampoules broken as per manufacturer’s
instructions.  It was only when the media
ampoule remained intact and the swabs were
allowed to remain dry that successful recov-
ery of S. agalactiae occurred.  The abundant
growth seen at all incubation periods from the
transport swabs with broken media ampoules
was most often identified as an Aeromonas sp.
or Pseudomonas sp. in the cultures the Biolog
system was able to characterize.  These gen-
era are recognized to be hardy as they pos-
sess the ability to remain viable for extended
periods of time if kept moist (Murray, 1998).
This suggests that the normal flora of the fish
may have multiplied to such an extent as to
prevent the recognition of S. agalactiae from
samples taken from infected tilapia.  Cipriano

and Bullock (2001), in studies using commer-
cially prepared transport systems for the de-
tection of A. salmonicida, found that normal
fish flora, including aeromonads and
pseudomonads, flourish during periods when
transport systems may be in transit to the
point which obscures detection of the target
bacteria.  They found that transport systems
containing Stuart’s media did sustain the vi-
ability of A. salmonicida, but obscured its iso-
lation in the presence of P. fluorescens and was
therefore not recommended as a transport
media for A. salmonicida.

When attempting to obtain viable microbio-
logical samples from organisms in the field
or in remote locations, it is imperative to pos-
sess a reliable collection and transport system
to maintain specimen viability until arrival to
the laboratory.  The results of our study dem-
onstrate that for fish suspected to be infected
with S. agalactiae and potentially other Strep-

tococcus and Gram negative cocci, a transport
system swab with the media ampoule intact
maintains bacterial viability.  Although origi-
nally designed for collection and transport of
human pathogens, transport systems provid-
ing a dry environment are an effective method
for collection and transport of pathogenic
Streptococcus sp. isolated from fish during
epidemiological investigations.
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