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Francisella tularensis has been associated with naturally occurring waterborne outbreaks and is also of
interest as a potential biological weapon. Recovery of this pathogen from water using cultural methods is
challenging due to the organism’s fastidious growth requirements and interference by indigenous bacteria. A
15-min acid treatment procedure prior to culture on a selective agar was evaluated for recovery of F. tularensis
from seeded water samples. Mean levels of reduction of virulent strains of F. tularensis subsp. holarctica and
subsp. tularensis were less than 20% following acid treatment. The attenuated live vaccine strain (LVS) was less
resistant to acid exposure. The acid treatment procedure coupled with plating on cystine heart agar with rabbit
blood and antibiotics (CHARBab) allowed the isolation of F. tularensis seeded into five natural water samples.

Tularemia is an infectious zoonotic disease caused by the
facultative, intracellular, Gram-negative bacterium Francisella
tularensis. F. tularensis subsp. holarctica (type B), found
throughout the Northern Hemisphere, but particularly in Eur-
asia, causes severe disease but does not generally result in
death. F. tularensis subsp. tularensis (type A), found predomi-
nantly in North America, is the more virulent biotype, and
without antibiotic treatment has a mortality rate of 5 to 15%
(5). Humans can become infected from bites of infected ar-
thropod vectors, from handling of sick or dead animals, from
inhalation of particles from contaminated soil or vegetation,
and by consumption of contaminated food and water. The
organism may survive for a year in water or mud (4). Reports
of naturally occurring waterborne outbreaks (7, 10) have been
limited primarily to contamination by the holarctica subspecies.

Owing to the organism’s infectivity, ease of transmission,
and potential use as a bioweapon, virulent strains of F. fular-
ensis are listed as Class A Select Agents by the U.S. Centers for
Disease Control and Prevention. Both the United States and
the former Soviet Union maintained stockpiles of the weap-
onized agent prior to 1970 (5). In the event of an intentional
release or a natural outbreak, rapid recovery and identification
of the agent would expedite characterization and control.

Members of this species are slow-growing, fastidious organ-
isms, which makes isolation by cultural methods very challeng-
ing. Many bacteria indigenous to water are likely to have a
competitive advantage under the culture conditions required
for growth of Francisella spp. Rapidly growing background
organisms easily mask the presence of the target colonies on
agar media. These indigenous bacteria can also deplete nutri-
ents or produce bacteriocins which can negatively impact the
growth of F. tularensis. Reducing the number of these compet-
ing microorganisms in water samples is an important consid-
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eration for enhancing pathogen recovery. Low-pH treatment
of water samples has previously been used to reduce nontarget
organisms to aid in the detection of Legionella spp. from water
(2). The use of selective agar antibiotic containing medium has
been proposed for the isolation of F. tularensis from environ-
mental samples (13). In this study we evaluated a standard acid
treatment procedure developed for the recovery of Legionella
spp. (15). Coupled with the use of a commercially available
selective culture medium (cystine heart agar with rabbit blood
and antibiotics [CHARBab]) to enhance the recovery of
seeded cultures of F. tularensis from water samples.

Four virulent strains of F. tularensis subsp. holarctica type
B and three virulent strains of Francisella tularensis subsp.
tularensis type Al, originally collected from various geo-
graphical locations in the United States, were used in the
study. The avirulent F. tularensis subsp. holarctica live vac-
cine strain (LVS) was also included (Table 1). All strains
were obtained from Laura Rose (U.S. Centers for Disease
Control and Prevention, Atlanta, GA). Experiments with
virulent strains were conducted under biosafety level 3 con-
ditions at the University of Cincinnati College of Medicine,
and all protocols were approved by the university institu-
tional biological safety committee.

Frozen stock cultures were stored in brain heart infusion
broth (Becton Dickinson, Sparks, MD) with 15% (vol/vol) glyc-
erol at —80°C. Separate frozen isolates of each strain were
used for each set of experiments. Isolates were inoculated into
25 ml of tryptic soy broth (Becton Dickinson, Sparks, MD)
containing 2% (vol/vol) Iso-Vitalex (Becton Dickinson, Sparks,
MD) and incubated at 37°C for 48 h. Cultures were concen-
trated, resuspended in sterile chlorine-free tap water, and
washed twice by centrifugation (3,000 X g for 10 min at 4°C)
prior to the inoculation of water samples.

Samples were analyzed using either enriched chocolate agar
consisting of GC agar base, bovine hemoglobin with GCHI
enrichment (Remel, Lenexa, KS), or cystine heart agar with
rabbit blood and antibiotics (CHARBab) (Remel, Lenexa,
KS). The composition of CHARBab agar is based upon a
modification of the formulation originally proposed by Rhamy
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TABLE 1. F. tularensis strains used in the study

Subspecies and type designation Isolate/origin

F. tularensis subsp. tularensis (type Al)............... F2246/Maryland
F. tularensis subsp. tularensis (type Al) .......cc..... H3563/Oklahoma
F. tularensis subsp. tularensis (type Al)............... Schu4/Ohio
F. tularensis subsp. holarctica (type B) ....IN99-1009/Indiana
F. tularensis subsp. holarctica (type B) ....K'Y99-3387/Kentucky
F. tularensis subsp. holarctica (type B) ...NY98/New York
F. tularensis subsp. holarctica (type B)................. OR96-0246/Oregon
F. tularensis subsp. holarctica

(type B, attenuated) .......cocccevveerrenccirnnccrenenee LVS

(14) and was supplemented with 1 X 10° U liter ! penicillin
and 1 X 10° U liter ! polymyxin B. All samples were analyzed
by the spread plate procedure using a maximum inoculum of
0.1 ml per plate and incubated at 37°C for 6 days.

Colony confirmation was based upon World Health Or-
ganization (WHO) diagnostic protocols (16). Presumptive
greenish-white, 2- to 4-mm colonies on CHARBab agar
were confirmed by subculturing 10% of the target colonies
back to CHARBab agar and examining for characteristic
greenish-white colonies with a butyrous consistency after
incubation at 37°C for 48 h. All presumptive positive colo-
nies were further verified by the slide agglutination assay
using hyperimmune rabbit-anti F. tularensis antibody (Bec-
ton Dickinson, Sparks, MD).

The acid treatment procedure was conducted as previously
described (15). Briefly, 2 ml of sterile KCI-HCI acid (18 parts
of 0.2 M KCl plus 1 part of 0.2 M HCI, pH 2.0) was added to
2 ml of the sample, and the resultant solution was mixed and
incubated at room temperature for 15 min. After the 15-min
exposure time, 2 ml of 0.1 N KOH neutralizer was added to
each tube. The pH values for all samples were determined to
insure appropriate acidification and neutralization. A negative
control (no acid treatment) was prepared by adding 2 ml of
sample to 4 ml of sterile water.

To determine the effect of the low-pH acid treatment in pure
culture, each of the seven F. tularensis strains was cultured,
washed, and resuspended in sterile dechlorinated tap water
prior to experimentation as described in reference 15, with
final concentrations in the range of 5 to 6 log;, CFU ml .
These samples were analyzed using both enriched chocolate
agar and CHARBab agar. Five environmental water sources,
i.e., two creeks, a pond, a river, and a well, were included in the
study. One-hundred-milliliter volumes of each sample were
seeded with three F. tularensis subsp. holarctica strains, KY99-
3387, NY98, and LVS, resulting in final concentrations of
2.0 = 0.1 log,, CFU ml ', Strains of F. tularensis belonging to
the subspecies holarctica were chosen to seed natural water
samples primarily due to the association of this subspecies with
natural waterborne outbreaks. Preliminary experiments using
acid exposure times of 5, 15, and 30 min (data not shown)
indicated that the elimination of background organisms with-
out major decreases in the number of Francisella organisms
was best achieved using the 15-min exposure time listed by
Bopp et al. (2). Each strain was seeded individually into each
water sample and analyzed before and after acid treatment
using CHARBab agar. Experiments were conducted in tripli-
cate for each water type. Statistical comparisons were based
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upon analysis of variance (ANOVA) testing of the log-trans-
formed data.

For the sterile tap water sample and the five natural water
samples, the mean pH level prior to acidification was 8.0
(range, 7.6 to 8.2). The acid treatment procedure lowered the
pH of the samples to a range of 2.1 to 2.6. The results of the
acid treatment for the F. tularensis strains seeded into sterile
chlorine-free tap water are shown in Fig. 1. Average log re-
ductions after acid treatment for F. tularensis subsp. tularensis,
F. tularensis subsp. holarctica, and the LVS were 0.15 (19.2%),
0.11 (15.7%), and 0.39 (61%), respectively. There was no sta-
tistical difference in acid resistance between strains of F. tula-
rensis subsp. holarctica and F. tularensis subsp. tularensis (P =
0.829). There was a significant difference between the LVS and
the other holarctica strains (P < 0.001) and tularensis subspe-
cies strains (P = 0.001). There was no significant difference in
titers of the LVS, F. tularensis subsp. tularensis, and F. tularen-
sis subsp. holarctica (P = 0.8439, P = 0.275, and P = 0.2838),
respectively, for any of the subspecies when plated on either
enriched chocolate agar or CHARBab agar (data not shown),
thus indicating that the use of the selective medium did not
decrease recovery.

All three target strains were recovered and quantified from
the seeded natural water samples. The results of the acid
treatment procedure for the seeded natural water samples are
shown in Fig. 2. The CHARBab medium reduced the number
of background indigenous organisms in the non-acid-treated
samples to =1.5 log,, CFU ml~'. All presumptive target col-
onies submitted for verification were confirmed as F. tularensis
by using the WHO verification procedure (16). Average log
reductions across all water types after acid treatment for F.
tularensis subsp. holarctica strains KY99-3387, NY98, and LVS
were 0.01 (7%), 0.09 (17%), and 0.29 (49%), respectively.

To further evaluate recovery in samples containing higher
background levels of indigenous bacteria, two additional water
samples were collected from the Clough Creek source follow-
ing two separate rainfall events and seeded with the least
acid-resistant strain (F. tularensis subsp. holarctica LVS). A
100-ml portion of each sample was autoclaved to serve as a
sterile control to determine the initial titer of the seeded in-
oculum. The first water sample was seeded with LVS to
achieve a final concentration of 2.0 = 0.1 log;, CFU ml™".
After the 6-day incubation, the background nontarget colony
level on CHARBab agar which did not receive the acid treat-
ment was 2.9 log,, CFU ml~'. This level of background
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FIG. 1. Effect of acid treatment on F. tularensis strains seeded into
sterile chlorine-free tap water. Shown are untreated samples (black)

and acid-treated samples (gray). Error bars indicate standard devia-
tions for each replicate.
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FIG. 2. The effect of acid treatment on F. tularensis subsp. holarctica strains recovered from five seeded natural water samples. Shown are
untreated samples (black) and acid-treated samples (gray). Error bars indicate standard deviations for each replicate.

organisms precluded isolation of the LVS strain in the non-
acid-treated sample. The background organisms from the acid-
treated sample were reduced to 0.9 log,, CFU ml™*; this re-
duction allowed the detection of the target LVS colonies (1.8
log,, CFU ml™%). In the second sample, the background level
of nontarget colonies on CHARBab agar without acid treat-
ment was 3.8 log;, CFU ml~'. This sample was seeded with a
higher LVS level of 4.4 = 0.1 log,, CFU ml~". Even at this
higher level of seeded inoculum, we were unable to isolate
LVS from the non-acid-treated sample. Following acid treat-
ment, the background organisms on CHARBab agar were re-
duced to 2.0 = 0.2 log,, CFU ml~", and the target strain was
detected and quantified at a level of 4.1 = 0.2 log,, CFU ml ™.

The combination of acid treatment followed by plating on
the selective agar medium allowed the recovery of F. tularensis
from water and effectively reduced indigenous background or-
ganisms. Differences in acid resistance were observed among
strains and subgroups of F. tularensis. The overall mean reduc-
tion (<20%) was less than the reduction (>50%) that has been
previously reported for the procedure when used for detecting
Legionella spp. in water (3, 11). The avirulent F. tularensis
subsp. holarctica LVS was consistently less resistant to acid
treatment than the virulent strains. A similar finding regarding
the LVS was recently reported where the attenuated strain was
less resistant to chlorination than were virulent strains (12).
While the selective CHARBab agar alone was effective in
reducing background colonies in most samples, the acid treat-
ment procedure was required for detecting target colonies in
samples with high background levels of indigenous bacteria.

Recent developments in the use of ultrafiltration procedures
(6, 9) allow the sampling of large volumes of water for the
presence of bacterial pathogens. While these concentration
methods are amenable for recovering small numbers of target
organisms, they also concentrate the indigenous water mi-
crobes. The procedure presented in this study may be benefi-
cial in the analysis of these concentrated water samples, which
would contain high levels of background organisms.

The ability to isolate and characterize viable strains of F.
tularensis from water is an important consideration and would
greatly augment molecular assays by providing isolates for fur-
ther characterization. This information would be useful in the
area of microbial forensics and could assist in differentiating
between naturally occurring outbreaks and intentional releases

associated with a bioterrorist attack (8). The recovery of viable
isolates could aid in epidemiological investigations by provid-
ing information on strain pathogenicity and antimicrobial re-
sistance patterns. Such procedures would also be helpful in
ecological studies designed to study the distribution, transmis-
sion, and persistence of members of this genus (1). An area for
future research regarding the use of this method should in-
clude attempting to accurately replicate natural conditions to
which the F. tularensis cells could be exposed prior to testing.
To date, attempts at direct isolation of F. tularensis from water
have been very limited and confined primarily to analysis by
animal inoculation. The results of this study indicate that the
acid treatment procedure, coupled with the use of a selective
antibiotic-containing agar medium, can be utilized for the iso-
lation and quantification of this organism from water.

The opinions expressed in this paper are those of the authors and
do not necessarily reflect the official positions and policies of the
U.S. Environmental Protection Agency (EPA). Any mention of
products or trade names does not constitute recommendation for
use by the U.S. EPA.
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