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Detection of low-level animal-
to-animal transmission in BALB/c
mouse models of melioidosis

Christopher P. Klimko®, Kay B. Barnes?, Nathaniel O. Rill*,
Jennifer L. Shoe?, Jennifer L. Dankmeyer®, Melissa Hunter?,
Susan L. Welkos*', David DeShazer?, Sergei S. Biryukov,
Sarah V. Harding?® and Christopher K. Cote™

tBacteriology Division, United States Army Medical Research Institute of Infectious Diseases, Fort
Detrick, MD, United States, 2Defence Science and Technology Laboratory, Porton Down, Salisbury,
Wiltshire, United Kingdom

Burkholderia pseudomallei, the causative agent of melioidosis, has two phases of
infection. The acute phase occurs shortly after infection and is associated with
bacterial sepsis, potentially leading to death, whilst the chronic phase occurs
when infection persists for longer periods or is asymptomatic for months or
years. BALB/c mice are more susceptible to melioidosis compared to C57BL/6
mice and are routinely models for the acute phase of infection. However, in
some instances when medical countermeasures are being evaluated, mice
continue to succumb to disease throughout the course of the experimental
infection. Whilst B. pseudomallei is not known to be transmitted from mouse-to-
mouse, we hypothesized that mice that have recovered from infection after
medical countermeasure intervention may become reinfected from chronically
infected mice. We tested this hypothesis by cohousing naive mice with mice
exposed to B. pseudomallei by the inhalational or intraperitoneal routes in either
static or ventilated caging. Mice that were exposed to aerosolized B.
pseudomallei transmitted the bacterium to approximately 4% of their naive
cagemates, whereas mice that were infected by the intraperitoneal route
transmitted to approximately 8% of their naive cagemates. Whilst the exact
route of transmission remains to be determined, the results of this study showed
that low levels of mouse-to-mouse transmission of B. pseudomallei are possible.
We conclude that although the chance of reinfection is low amongst mice
housed in the same cage, this possible scenario should be considered when
interpreting data from the BALB/c mouse model of melioidosis in lengthy studies.

KEYWORDS

melioidosis, Burkholderia pseudomallei, mice, inhalational, intraperitoneal,
transmission, reinfection

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fbrio.2023.1303051/full
https://www.frontiersin.org/articles/10.3389/fbrio.2023.1303051/full
https://www.frontiersin.org/articles/10.3389/fbrio.2023.1303051/full
https://www.frontiersin.org/journals/bacteriology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fbrio.2023.1303051&domain=pdf&date_stamp=2023-11-06
mailto:christopher.k.cote.civ@health.mil
https://doi.org/10.3389/fbrio.2023.1303051
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/bacteriology#editorial-board
https://www.frontiersin.org/journals/bacteriology#editorial-board
https://doi.org/10.3389/fbrio.2023.1303051
https://www.frontiersin.org/journals/bacteriology

Klimko et al.

1 Introduction

Burkholderia pseudomallei is an environmental bacterium and
opportunistic pathogen found mainly in the soil and surface water
of tropical and subtropical regions. It is the etiologic agent of
melioidosis, an emerging public health concern and potential
biothreat agent (Cheng and Currie, 2005; Cheng et al., 2005;
Currie, 2015; Limmathurotsakul et al., 2016; Dance and
Limmathurotsakul, 2018; Wiersinga et al., 2018). Infections with
B. pseudomallei are most commonly acquired through inhalation or
direct cutaneous inoculation of the organism into a human or
animal host (Currie, 2015; Limmathurotsakul, et al., 2016; Dance
and Limmathurotsakul, 2018; Wiersinga, et al., 2018). It is a major
cause of sepsis and mortality in endemic tropical regions such as
Southeast Asia and Northern Australia (Currie, 2015;
Limmathurotsakul, et al., 2016; Dance and Limmathurotsakul,
2018; Wiersinga, et al., 2018; Kaewrakmuk et al., 2023).
Furthermore, recent advances in the environmental isolation of B.
pseudomallei and the increased identification of melioidosis cases in
locations such as South Asia, Africa, and the Americas, clearly
support the expanded ecological range of B. pseudomallei and its
clinical impact (Limmathurotsakul, et al., 2016; Dance and
Limmathurotsakul, 2018).

Melioidosis is also being detected in the United States. Most of
the cases have been related to travel to areas with endemic
melioidosis or to exposure to contaminated imported products
(Dawson et al., 2021; Gee et al., 2022; Currie et al., 2023).
However, three non-travel-associated cases of melioidosis in
Mississippi, which were found to be genetically associated with B.
pseudomallei isolated locally from soil and water samples, clearly
suggest that B. pseudomallei is endemic in the southern region of the
USA (CDC, 2022; Currie, et al., 2023). Similar cases in Texas have
been reported that were suggestive of local acquisition; but attempts
to isolate a comparable strain from environmental samples were
unsuccessful (Cossaboom et al., 2020). Burkholderia thailandensis,
an opportunistic pathogen which only rarely causes human
infections, is closely related to B. pseudomallei, and is similarly
found in the environment. B. thailandensis has been isolated from
water in Texas and Puerto Rico and from the soil in Mississippi,
demonstrating an environment suitable for Burkholderia species
colonization in parts of the Southern United States and in outlying
territories (Hall et al., 2023). Interestingly, climate change appears
to play a role in the increased range and magnitude of infections by
these bacteria (Gassiep et al., 2023).

Melioidosis is a complex disease with manifestations ranging
from acute and rapidly fatal to protracted chronic infections.
Infected individuals usually display symptoms of acute disease
(pneumonia, bacteremia, or localized infection) upon medical
evaluation. However, ~9-15% manifest a chronic infection, with
symptoms lasting over two months, or are subclinically infected
(Cheng et al., 2005; Currie et al., 2010; Currie, 2015; CDC, 2022;
Seng et al., 2023). Most patients have coexisting risk factors for the
disease including diabetes, excessive alcohol use, chronic lung or
renal disease, and other immunocompromising conditions (Currie
et al., 2010; Currie, 2015; Limmathurotsakul et al., 2016; Dance and
Limmathurotsakul, 2018; Wiersinga et al., 2018; Kaewrakmuk et al.,
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2023). Several animal models have been developed to study the
pathogenesis of melioidosis (Leakey et al, 1998; Conejero et al,
2011; Limmathurotsakul et al., 2015; Welkos et al., 2015; Amemiya
et al., 2017; Bearss et al., 2017; Trevino et al., 2018; Trevino et al.,
2021; Nelson et al., 2023). The BALB/c is a highly susceptible strain
of mice and is typically used to model acute melioidosis; in contrast,
the C57BL/6 mouse strain is significantly more resistant,
representing a more chronic model of disease which is often used
for vaccine evaluation (Leakey et al., 1998; Tan et al., 2008; Lever
et al,, 2009; Srisurat et al., 2010; Conejero et al., 2011; Massey et al.,
2014; Amemiya et al., 2017; Bearss et al., 2017; Trevino et al., 2018;
Funnell et al., 2019; Nelson et al., 2023). By varying the dose of B.
pseudomallei delivered by aerosolization (a relevant route when
evaluating countermeasures for public health or biodefense
purposes), both acute and more protracted models of disease have
been modelled in BALB/c mice (Srisurat et al., 2010; Bearss et al.,
2017; Funnell et al.,, 2019).

Mice infected with B. pseudomallei can display acute or chronic
disease which resembles that of human melioidosis (Tan et al., 2008;
Srisurat et al., 2010; Conejero et al., 2011; Massey et al., 2014; Bearss
etal., 2017; Burtnick et al., 2018; Amemiya et al., 2019; Klimko et al.,
2022). Despite their sensitivity, BALB/c mice (which survive the
initial phase of infection due to intervention with medical
countermeasures) can continue to succumb to disease throughout
the course of the experimental infection. This apparent persistence
of the infection is observed despite resolution of symptomatic
disease and has been reported in naive animals as well as those
immunized with vaccines and treated with antibiotics. This has
been demonstrated, in studies in which the animals are monitored
for two to three months post exposure, with bacteria often
recovered in tissues collected from survivors, e.g., spleen, liver,
and lungs, at the study endpoint. (Conejero et al.,, 2011; Burtnick
et al., 2018; Biryukov et al., 2022; Klimko et al., 2022). This chronic
infection state could be attributable to the ability of B. pseudomallei
to survive intracellularly, e.g., in pyogranulomatous lesions
(Valvano et al., 2005; Finlay and McFadden, 2006;
Limmathurotsakul et al., 2006; Conejero et al., 2011; Titball et al.,
2017; Avraham, 2023; Seng et al., 2023) potentially facilitated by the
formation of multi-nucleated giant cells, antibiotic-resistant
biofilms and/or the development of a bacterial ‘persister’ state
(Velapatino et al., 2012; Lazar Adler et al., 2013; Butt et al., 2014;
Austin et al., 2015; Stockton and Torres, 2020). Alternately, the
apparent persistence or relapse of infection may be due to re-
infection following clearance of the initial infection.

Our objective was to evaluate the basis of protracted infection
with delayed mortality in the BALB/c mouse model. Whilst B.
pseudomallei is not typically transmissible (person-to-person spread
has rarely been documented) and the bacteria are not known to be
readily transmitted between animals (Aziz et al., 2020; Rees et al.,
2021), we hypothesized that mice exposed to infection and
recovered following treatment could potentially become re-
infected by chronically-infected mice (Cheng and Currie, 2005;
Cheng et al., 2005; Wiersinga et al., 2018; DPIRD, 2018). In the
current study, we tested this hypothesis by cohousing naive mice
with mice exposed to B. pseudomallei by the aerosol or parenteral
routes of infection and followed the disease progression for several
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months. Whilst infrequent, we showed that infected mice can infect
naive mice when cohoused. It is impractical to avoid cohousing
laboratory rodents, however, the possibility that animals showing
clinical signs of infection can infect other animals must be
considered when interpreting in vivo data, particularly from long-
duration therapeutics studies.

2 Materials and methods
2.1 Bacterial media and growth conditions

B. pseudomallei strain K96243 is a fully virulent strain that is
commonly used in laboratory studies to assess the efficacy of
vaccines or antibiotics (Burtnick et al., 2018; Biryukov et al.,
2022). For preparation of the challenge inoculum, a frozen aliquot
was grown in 4% glycerol (Sigma Aldrich, St. Louis, MO) with 1%
tryptone (Difco, Becton Dickinson, Sparks, MD) and 5% NaCl
(Sigma Aldrich, St. Louis, MO) broth (GTB) at 37°C with shaking at
200 rpm until late log phase, for approximately 16 h (Biryukov et al.,
2022). For preparation of mouse challenge doses, the bacteria were
harvested, resuspended in GTB for aerosolization or PBS for
intraperitoneal delivery and quantified by ODg,, estimation
(Welkos et al.,, 2015; Bearss et al., 2017; Biryukov et al., 2022).
The actual delivered dose of bacteria, as the number of colony
forming units (CFU), was then determined by plate counts on
sheep’s blood agar (Trypticase soy agar with sheep blood-SBA)
plates (RemelTM, Thermo-Fisher Scientific, Waltham, MA)
incubated at 37°C for approximately 48 h.

2.2 Aerosol exposure

All animal work was performed under a research protocol
approved by the USAMRIID Institutional Animal Care and Use
Committee (IACUC). Female BALB/c mice were exposed to
aerosolized B. pseudomallei in a whole-body exposure chamber
and the inhaled doses calculated from CFU determinations from an
all glass impinger using Guyton’s formula (Guyton, 1947a; Guyton,
1947b; Biryukov, et al, 2022). The mice inhaled a dose of
approximately 106 CFU (approximately 10 LDsgs). Exposed mice
(n = 4 per cohort) were then cohoused with naive mice (n = 4 per
cohort) in static or ventilated cages (< 0.2m/sec, 70 air changes per
h, exhaust air -55% air exhaust) starting at approximately 1 h or
48 h following exposure to aerosolized bacteria. There were three
cages for each parameter tested for a total of 24 mice in each cohort.
The differential times used to initiate cohousing would account for
bacteria on the fur that would normally be removed by grooming or
by potential loss of bacterial viability within 48 h (Shams et al,
2007). The cages were changed every 7 days. The mice were
observed daily for 99 days (approximately 60 days after the last
exposed mouse had succumbed to disease or was euthanized in
accordance with early endpoint criteria). The naive mice that
succumbed had blood collected for antibody analysis by ELISA

Frontiers in Bacteriology

10.3389/fbrio.2023.1303051

and organs harvested and plated for bacterial growth. The surviving
mice were euthanized at the end of study and the spleens and lungs
were sampled for evidence of B. pseudomallei colonization. Briefly,
blood was collected from the axillary vessels of deeply anesthetized
mice. The mice were then euthanized, the spleens and lungs
removed, washed in sterile PBS, weighed and homogenized using
tissue grinders (Covidien, Dublin, Republic of Ireland). The organ
homogenates were serially diluted and 100 pl of homogenate was
used to enumerate bacterial burden on SBA plates, where the limit
of detection was approximately 5 CFU per organ.

2.3 Intraperitoneal exposure

Female BALB/c mice were infected with approximately 3.8x10*
CFU (approximately 1 LDs;) of B. pseudomallei via intraperitoneal
injection. The experimental design was as described above, without
the cohort that was cohoused together 48 h after infection, since
there was limited potential for bacteria to be contaminating the fur
of these animals. Mice in this study were observed daily for 140 days
post infection (approximately 62 days after the last death of an
exposed mouse was observed). We observed these mice for a longer
period of time postchallenge than the cohort exposed to aerosolized
bacteria because the disease course following intraperitoneal
inoculation is more protracted than the inhalational route and
also because we had two exposed mice surviving the infection. The
infected mice (with the exception of 2 infected animals that survived
the initial infection) and 2 naive mice had succumbed to disease or
were euthanized before the end of study. Subsets of mice had blood
and organs harvested and plated for bacterial growth as
described above.

2.4 Enzyme-linked immunosorbent assay

Serum immunoglobulin (Ig) IgG titers in infected mice were
determined by ELISA as described by Biryukov et al. (Biryukov et al,,
2022). Brietfly, sera were harvested from terminal blood collection and
assayed for Immunoglobulin G (IgG) antibody levels by semi-
quantitative endpoint ELISA in 96-well Immulon 2HB plates
(Thermo Fisher). Plates were coated overnight with B. pseudomallei
K96243 cells inactivated by approximately 21 kGy of y-radiation (10
ug/ml) at 4°C as previously described (Biryukov et al., 2022). Two-
fold dilutions of serum in PBS/0.05% Tween 20 were made in
triplicate, incubated for 30 min at 37°C, then washed and the signal
detected as previously described (Biryukov et al., 2022). Results are
reported as the geometric mean (GM) and geometric standard
deviation (GSD) of the reciprocal of the highest dilution (giving a
mean OD of at least 0.1 + 1 SD at 450 nm (570 nm used as reference
wavelength)), then the triplicate sample values were averaged. The
limit of detection was a geometric mean of 50, with titer values <50
considered negative. In this study, pooled samples were analyzed and
if there was evidence of a possible positive antibody titer then serum
samples from individual mice were analyzed.
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3 Results

3.1 Mice exposed to aerosolized B.
pseudomallei can transmit the bacterium
to naive mice

In this study a total of 48 naive mice were cohoused with mice
that were exposed to aerosolized B. pseudomallei. Naive mice (n = 4)
were introduced to the cages containing the exposed mice (n = 4)
immediately after the aerosolization procedure or approximately
48 h later, to help account for any transmission associated with
bacteria on the fur after exposure in a whole-body aerosol chamber
that would normally be removed by grooming behavior. The
USAMRIID routinely utilizes whole-body exposure systems
because it reduces the stress associated with the aerosolization
procedure, and it increases the number of animals exposed to the
same number of bacteria, making statistical power easier to achieve
with less variability (Biryukov et al., 2022). We also examined static
caging versus actively ventilated caging, hypothesizing that this
could be an important parameter when examining transmission
rates in infected laboratory rodents. Static cages had no active
ventilation. Ventilated cages (Techniplast GR900; Techniplast,
West Chester, PA) had an airflow of < 0.2 m/sec in order to
prevent perceptible draft conditions within the cage and resulted
in 70 air changes per hour.

During the course of this study all animals intentionally
exposed to the aerosolized bacteria inhaled approximately 106
CFU (approximately 10 LDsgs). Mice in all cages showed clinical
signs of melioidosis starting at approximately day two post exposure
and all mice that were exposed succumbed to disease or were
euthanized by day 39 postchallenge (Figure 1A). The mice were
then observed for an additional 60 days (end of study was day 99)
during which two naive mice developed clinical signs indicative of
melioidosis, one mouse succumbed to disease on day 41 and
another mouse was euthanized due to overt clinical signs on day
72 (Figure 1A). The two naive mice that succumbed to disease from
infected cage-mates represented a transmission rate of
approximately 4% and had detectable B. pseudomallei in spleen
and lung tissues at high levels (Table 1).

Interestingly, the two naive mice that developed disease were
housed in the same ventilated cage and the mice were not cohoused
until 48 h after exposure to aerosolized bacteria. This result was
unexpected as this should have been the group of mice that was least
likely to transmit the bacteria because of the 48-h delay in
cohousing and the ventilation of the caging. Whilst the
occurrence of transmission is too infrequent to reliably know the
cause of transmission, there is a chance that the ventilation system
may have played a role. Thus, mouse-to-mouse transmission occurs
at very low frequency under the experimental conditions described
here. Importantly, the remaining surviving naive mice (46 out of 48)
had no detectable bacteria in the lungs and spleens and no evidence
of detectable serum IgG levels against B. pseudomallei at the end of
the study (day 99 after infected mice were exposed to
aerosolized bacteria).
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3.2 Mice exposed to B. pseudomallei via
intraperitoneal injection can transmit the
bacterium to naive mice

To understand if this mouse-to-mouse transmission was only
associated with inhalational melioidosis, we performed a study that
cohoused naive mice with mice that were infected by the
intraperitoneal route with approximately 3.8x10* CFU
(approximately 1 LDsq) of B. pseudomallei (Welkos et al., 2015).
The results generated in this study were very similar to those
generated in the earlier study. All but two mice that were infected
intraperitoneally had succumbed or were euthanized by day 78
(Figure 1B). Two out of 24 naive mice became infected during the
study (within 140 days), both of which were housed in the same
ventilated cage (transmission rate of approximately 8%). They had
detectable bacteria in the spleen and lungs at high levels (Table 1).

The remaining surviving mice had no detectable bacterial
colonization in the lungs and spleens. There was evidence,
however, of an antibody response to B. pseudomallei at the end of
the study in three naive mice (Tables 2, 3). It is possible that these
mice were infected and resolved the infection or that the infection in
these mice became persistent and clinical signs were not observed. It
is also possible that the level of bacterial colonization was below the
limit of detection (approximately 5 CFU/organ examined), bacteria
were located in a tissue that was not assayed in this study, or the
bacteria remained in a differentially culturable state (i.e., viable but
non-culturable) (Pumpuang et al., 2011; Auty et al., 2022). Of note,
one naive mouse in group 4 had an IgG titer of 3,733 (Table 3)
which was higher than the titer determined in two mice that were
infected intraperitoneally with B. pseudomallei but survived to the
end of study (group 2 infected mice (Table 2) had an average titer of
approximately 1,033).

3.3 Mice infected intraperitoneally with B.
pseudomallei have significant bacterial
burdens in their lungs despite never having
been exposed to aerosolized bacteria

As described in Table 1, the two naive mice that became
infected by their cage-mates that were exposed to B. pseudomallei
by the inhalational route had high levels of bacteria in their spleens
and lungs. One possibility is that this was a result of a primary
pneumonia following an aerosolization or re-aerosolization event
(i.e. cage changes or due to the active ventilation system present in
the specific cage). It is also possible that it was due to a secondary
pneumonia as a result of hematogenous spread following infection
by another route (e.g. orogastric).

To understand possible scenarios as to how these two naive
mice became infected, we evaluated the lung burden following
parenteral infection. Mice (n = 13) that were infected with B.
pseudomallei by the intraperitoneal route had high levels of
bacteria in their spleens (1.14x10° CFU/g [ranging from 2.52x10°
to 7.42x10° CFU/g]). Importantly, these mice also had substantial
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FIGURE 1

Survival curves of BALB/c mice exposed to B. pseudomallei (filled shapes) and cohoused with naive mice (open shapes). (A) Infected mice were
introduced immediately after exposure to aerosolized bacteria or 48 h later. All mice that were exposed to aerosolized bacteria succumbed to
disease or were euthanized in accordance with early endpoint euthanasia criteria by day 39 postchallenge. The survival curves of the infected
cohorts are in the bottom left of the graph, while the survival curves of the naive mice are in the top right of the graph. Note that three of the four
naive cohorts exhibited 100% survival and are all depicted on the top line. Naive mouse A succumbed to disease on day 41 and naive mouse B was
euthanized on day 72. (B) Survival curves of BALB/c mice infected by the intraperitoneal route with B. pseudomallei (filled shapes) and cohoused
with naive mice (open shapes). Infected mice were introduced immediately following infection. Most of the mice exposed to bacteria (two infected
mice in a static cage survived to the end of study) succumbed to disease or were euthanized in accordance with early endpoint euthanasia criteria
by day 78 postchallenge. The survival curves of the infected cohorts are in the bottom left of the graph, while the survival curves of the naive mice
are in the top right of the graph. Naive mouse A succumbed to disease on day 92 and naive mouse B succumbed on day 95.

bacterial burden in their lungs (2.45x10° CFU/g [ranging from 0 to 4 Discussion

2.67x10° CFU/g] which almost certainly resulted from
hematogenous spread. Therefore, it is inconclusive as to how B.

pseudomallei was transmitted to the naive mice in the first

study (Figure 1A).

TABLE 1 Bacterial burden in naive mice that became infected following cohousing with mice exposed to B. pseudomallei.

Mouse models of melioidosis have been invaluable to

understand B. pseudomallei pathogenesis and for the development

and evaluation of novel medical countermeasures to treat

Naive Route of Days After Final

Caging Time of Cohousing with Challenged Mice Mouse Death of Challenged Organ CFU/g
1 Exposure o

Death Mice in Cage
Ventilated 48 h postchallenge A Aerosol 14 days Spleen 3.08x10°
Ventilated 48 h postchallenge A Aerosol 14 days Lung 3.80x107
Ventilated 48 h postchallenge B Aerosol 45 days Spleen 2.76x10°
Ventilated 48 h postchallenge B Aerosol 45 days Lung 6.28x10"
Ventilated Immediately postchallenge A Intraperitoneal 14 days Spleen 5.92x107
Ventilated Immediately postchallenge A Intraperitoneal 14 days Lung 2.02x10°
Ventilated Immediately postchallenge B Intraperitoneal 17 days Spleen 2.49x10°
Ventilated Immediately postchallenge B Intraperitoneal 17 days Lung 1.85x10°

"The letter of the mouse corresponds to the letters indicated in Figure 1A (aerosol exposure) and Figure 1B (intraperitoneal exposure).
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TABLE 2 The ELISA data from sera from surviving mice.

10.3389/fbrio.2023.1303051

Route of Exposure Cage Type Infected Mice®
1 Intraperitoneal Static 0 4 126 2.52
2 Intraperitoneal Static 2 - 1,033 1.36
2 Intraperitoneal Static - 4 50 1.00
3 Intraperitoneal Static 0 4 126 2.52
4 Intraperitoneal Ventilated 0 4 211 421
5 Intraperitoneal Ventilated 0 4 50 1.00
6 Intraperitoneal Ventilated 0 2 50 1.00

' At the end of study all surviving mice underwent a terminal blood collection and the sera were assayed by ELISA using irradiated B. pseudomallei as the capture antigen. The pooled titer data are
listed here. Any pooled sample that had any titer greater than 50 was then assayed per mouse to determine the extent of the titer. The mice in groups 1, 3, and 4 were assayed as individual samples

and in each cage, there was one mouse with a notable antibody response (Table 3).
*Geometric Mean.
*Geometric Standard Error.

The colors of the rows in Table 2 correspond to the groups in Table 3 with the same color shading.

melioidosis. Importantly, there are several “waves” of clinical illness
that can be observed when performing long-duration laboratory
evaluations. We evaluated the hypothesis that clinically ill mice
could infect naive mice or theoretically reinfect cage mates that had
cleared an initial bacterial infection during medical countermeasure
evaluations. In this manuscript, we have demonstrated that mouse-
to-mouse transmission of B. pseudomallei is infrequent in the
laboratory setting, but possible. Whilst not enough naive mice
became infected for statistical analyses, in both studies,
transmission was observed in mice housed in ventilated cages. It
is tempting to correlate the ventilated caging system with the
possible aerosolization of bacteria and subsequent infection of
naive mice, however, it is impossible to draw that conclusion with

TABLE 3 The ELISA data for individual mice.

Group # Naive Cage Type  IgG Titer (GM?)
Mouse #*
1 1 Static 50
1 2 Static 50
1 3 Static 50
1 4 Static 800
3 1 Static 50
3 2 Static 50
3 3 Static 800
3 4 Static 50
4 1 Ventilated 50
4 2 Ventilated 50
4 3 Ventilated 50
4 4 Ventilated 3,733

'For any naive group that had a detectable IgG titer when tested as pooled sera, the anti-B.
pseudomallei 1gG ELISA was repeated but using individual mouse serum to determine how
many mice contributed to the detectable titer determined in the pooled sera shown in Table 2.
*Geometric Mean.
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our current data set. Additionally, there are reports suggesting that
rodents housed in ventilated caging systems are the least-likely to
transmit infectious diseases to cohoused mice (Compton et al,
2004). As melioidosis is known to be transmitted via ingestion of
contaminated material (Sanchez-Villamil et al., 2020; Nelson et al.,
2021), we believe that other routes of transmission are possible,
including ingestion or inhaling contaminated fecal material or urine
and by fomite transmission via the watering system. Additionally,
whilst cannibalism of dead mice was not observed in the cages
where transmission was observed, it is another possibility for a route
of infection if the tissues consumed by cage mates contain B.
pseudomallei (Lane-Petter, 1968; Nicklas et al, 2012). We also
demonstrated that several naive cage mates with no clinical signs
of melioidosis had anti-B. pseudomallei antibody titers (Tables 2, 3).
Whilst it is possible that these mice were colonized with B.
pseudomallei at concentrations below the level of detection or in
an organ not sampled, the mice had no detectable bacteria in their
lungs or spleens. This seroconversion of seemingly healthy mice
may be reminiscent of what is reported in humans living in highly
endemic areas and the debate regarding the prevalence of
subclinical infections in healthy, yet seropositive, individuals
(Limmathurotsakul and Peacock, 2011; Nithichanon et al., 2018).
It is our interpretation that this low-level of transmission,
reported here, is unlikely to impact the results of vaccination
experiments performed with C57BL/6 mice due to their increased
resistance to B. pseudomallei, but this assumption has not been
investigated (Tan et al., 2008; Srisurat et al., 2010; Conejero et al.,
2011; Massey et al., 2014; Bearss et al., 2017; Burtnick et al., 2018;
Amemiya et al, 2019; Klimko et al., 2022). This low-level of
transmission should be considered when analyzing data obtained
from lengthy therapeutic studies using more sensitive animal
models (i.e. BALB/c mouse or hamster) (Amemiya et al, 2017;
Nelson et al., 2023). Whilst it is impractical to singly house mice for
numerous reasons (including ethical reasons) in certain
circumstances it may be prudent to isolate animals showing signs
of disease to reduce the risk of them infecting their cage mates that
may have resolved the infection after medical countermeasure
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intervention (Wurbel, 2001; Kappel et al, 2017). These extra
measures may only be warranted for pivotal studies in cases
where medical countermeasures are undergoing advanced
development, and even then, it would be difficult to implement
for mouse studies.
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