
RESEARCH PAPER

Comparison of three Coxiella burnetii infectious routes in mice
Halie K. Miller, Rachael A. Priestley, and Gilbert J. Kersh

Rickettsial Zoonoses Branch, Centers for Disease Control and Prevention, Atlanta, Georgia

ABSTRACT
Evidence suggests that Coxiella burnetii, which is shed in the milk, urine, feces, and birth products 
of infected domestic ruminants, can lead to Q fever disease following consumption of unpasteur-
ized dairy products; however, C. burnetii is not believed to be a major gastrointestinal pathogen. 
Most infections are associated with inhalation of aerosols generated from the excreta of domestic 
ruminants. We recently demonstrated that C. burnetii delivered by oral gavage (OG) resulted in 
dissemination and an immune response; however, it is unclear how infection via the oral route 
compares to other well-established routes. Therefore, we delivered three strains of C. burnetii 
(representing three pertinent sequence types in the United States, such as ST16, ST20, and ST8) to 
immunocompetent mice in four doses via aerosol challenge (AC), intraperitoneal injection (IP), or 
OG. Low dose (10^5) of ST16 by OG was insufficient to cause infection, yet doses 1,000- or 100- 
fold lower by IP or AC, respectively, induced a robust immune response and dissemination. 
Despite being able to induce an immune response in a dose-dependent manner, administration 
of C. burnetii via OG is the least efficient route tested. Not only were the immune responses and 
bacterial loads diminished in mice exposed by OG relative to AC or IP, the efficiency of transmis-
sion was also inferior. High doses (10^8) were not sufficient to ensure transmission to 100% of the 
ST20 or ST8 cohorts. These results may provide some basis for why ingestion of C. burnetii as 
a mode of Q fever transmission is not often reported.
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Introduction

There are five main routes of transmission that bacteria 
utilize to gain entry into the human host including direct 
contact, fomites, aerosol, oral, and vector-borne [1]. The 
causative agent of Q fever, Coxiella burnetii, is a bacterial 
pathogen suspected of employing each of these routes, 
although infections are most commonly associated with 
inhalation of aerosols generated from the excreta of domes-
tic ruminants [2]. Upon entry to the human host, 
C. burnetii replicates inside a parasitophorous vacuole in 
a wide range of cell types with monocytes and macrophages 
as the primary targets [3]. Q fever disease can occur as an 
acute infection which may be asymptomatic; however, 
when symptoms are present, they often manifest as 
a febrile illness and can include chills, malaise, and myalgia 
[4]. While acute Q fever is typically self-limiting with a low 
mortality rate, the disease can recrudesce months to years 
later, resulting in a serious chronic infection. Chronic 
Q fever most often presents as endocarditis or vascular 
infection, which can be fatal without treatment [4].

Transmission of C. burnetii by the aerosol route was 
never more apparent than in the unprecedented 
Netherlands outbreak between 2007 and 2010, where 

more than 4,000 confirmed cases occurred in areas sur-
rounding infected dairy goat farms [5]. In 1989, a large 
outbreak of Q fever occurred in Birmingham UK in 
a residential area 11 miles from the infected farms [6]. 
Even though viable C. burnetii can be shed in the milk of 
infected domestic ruminants and evidence suggests that 
Q fever can occur through consumption of unpasteurized 
milk, C. burnetii is not believed to be a major gastrointest-
inal pathogen [7–10]. Identifying the source of C. burnetii 
infection can prove challenging when C. burnetii-infected 
milk and milk-based products have been consumed as 
contamination of the airway may also occur. This is further 
complicated by the fact that aerosolized C. burnetii can 
travel such long distances, and persons who consume raw 
milk may be more inclined to visit or live near farms. This 
ambiguity was the focus of a recent study, where we 
demonstrated that C. burnetii delivered directly into the 
stomachs of immunocompetent mice led to colonization of 
gastrointestinal tissues, dissemination, and an immune 
response [11]. Additionally, we and others have found 
that mice infected via the oral route display decreased 
pathology relative to mice receiving the same dose via 
intraperitoneal injection [12]. Although we have confirmed 
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that oral infection by C. burnetii is possible in mice, studies 
such as the one conducted by Krumbiegel et al. demon-
strated that of 37 volunteers who consumed raw milk 
naturally infected with C. burnetii none developed any 
evidence of infection [13]. To begin to unravel this discre-
pancy, we sought to determine whether infection via the 
oral route is dose dependent and evaluate how ingestion 
compares to inhalation. Improved knowledge of these 
routes of infection will lead to improved prevention and 
control strategies for Q fever; therefore, we sought to deter-
mine how infection via the oral route relates to the well- 
established routes, inhalation, and injection. To this end, we 
delivered three strains of C. burnetii to mice in four doses 
via three routes of infection, aerosol challenge (AC), oral 
gavage (OG), and intraperitoneal injection (IP).

Methods

Ethical statement

All procedures involving the use of animals were per-
formed in accordance with a CDC Institutional Animal 
Care and Use Committee-approved protocol.

Bacterial strains and growth conditions

C. burnetii strains and culture conditions were as pre-
viously described [11].

Murine infections

Murine infections were carried out as previously 
described, with the following changes [11]. Mice 
(n = 5 per group, unless otherwise stated) were infected 
by either OG, IP, or AC to deliver a range of doses 

given in four inoculums suspended in phosphate- 
buffered saline (PBS) (Table 1). Mice inoculated by 
AC were dosed using the Biaera aerosol management 
platform (AeroMP, Biaera Technologies) as previously 
described [14]. Negative control mice (n = 2) were 
given sterile PBS by each respective routes. Mice were 
housed in HEPA-filtered isolator cages and separated 
by infectious route, strain, and dose. On days 7 and 14 
post-infection (pi), blood samples were collected from 
the submandibular vein using 3 mm Goldenrod Animal 
Lancets (Fisher Scientific) and Microvette 100 serum 
collection tubes (20.1280.100, Sarstedt). Mice were 
euthanized on day 21 and blood collected by cardiac 
puncture. Lungs, spleen, liver, mesenteric lymph nodes 
(MLN), stomach, kidneys, and heart were aseptically 
removed and processed [11]. Cohorts infected with 
NMI at 103 by IP or with CM-SC1 at 106 by IP and 
OG contained 4 mice per group.

Assessing bacterial burden in tissues

C. burnetii DNA was extracted from murine tissues as 
previously described, with the following changes [11]. 
DNA extractions were performed using the KingFisher 
Flex System in conjunction with the KingFisher Cell and 
Tissue DNA Kit (Thermo Fisher Scientific) according to 
the manufacturer’s instructions. Quantitative PCR was 
performed and reported as previously described [11].

Serological analysis

Serological analysis was performed as previously 
described [11].

Table 1. Dosage chart of C. burnetii isolates and infection routes.
Target dose 1 × 108 1 × 107 1 × 106 1 × 105 1 × 104 1 × 103 1 × 102

Strain Route
Actual dose received* 

(cohort size)

NMI ACϮ 1.40 × 106 

(n = 5)
1.65 × 105 

(n = 5)
1.08 × 104 

(n = 5)
7.81 × 102 

(n = 5)
OG 1.15 × 108 

(n = 5)
1.65 × 107 

(n = 5)
1.10 × 106 

(n = 5)
9.20 × 104 

(n = 5)
IP 9.20 × 104 

(n = 5)
1.90 × 104 

(n = 5)
1.45 × 103 

(n = 4)
2.50 × 102 

(n = 5)
CM-SC1 ACϮ 2.34 × 104 

(n = 5)
3.72 × 102 

(n = 5)
<LD# 

(n = 5)
<LD# 

(n = 5)
OG 3.45 × 108 

(n = 5)
6.50 × 107 

(n = 5)
1.04 × 107 

(n = 4)
1.02 × 106 

(n = 5)
IP 6.50 × 107 

(n = 5)
1.04 × 107 

(n = 4)
1.02 × 106 

(n = 5)
1.06 × 105 

(n = 5)
GP-CO1 ACϮ 3.09 × 106 

(n = 5)
3.61 × 105 

(n = 5)
3.48 × 104 

(n = 5)
9.45 × 103 

(n = 5)
OG 2.06 × 108 

(n = 5)
1.11 × 107 

(n = 5)
1.45 × 106 

(n = 5)
1.28 × 105 

(n = 5)
IP 2.06 × 108 

(n = 5)
1.11 × 107 

(n = 5)
1.45 × 106 

(n = 5)
1.28 × 105 

(n = 5)

*Inoculums were generated from frozen stocks and quantified by com1 PCR. 
ϮDoses are estimated based on com1 PCR quantification of the impinger sample following aerosolization as described previously [14]. 
#Below the limit of detection. 
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Statistics

Statistical significance of murine body weights and 
splenomegaly data were determined based on unpaired 
Students t-test, and p < 0.05 was considered significant. 
For statistical analysis, all PBS controls regardless of 
route of administration were pooled (n = 6).

Results

Infection of mice by oral gavage with the C. burnetii 
NMI strain is dose dependent and inferior to the 
aerosol and injection routes.

Mice were weighed periodically throughout the 21- 
day study. Mice infected with NMI C. burnetii by AC 

at a dose of 106 displayed significant weight loss 
relative to PBS controls by any route (n = 6), and 
by 7 days post infection (pi), they had lost an average 
of 3.4% (p < 0.001) relative to day 1 (Figure 1). No 
cohorts infected with NMI by IP or OG showed 
weight loss relative to day 1 including mice receiving 
the highly concentrated inoculum of 108 by OG. 
Infections did not result in mortality of any mice 
regardless of dose or route of administration.

Splenomegaly was measured at 21 days pi and was 
highest in mice receiving inoculums via IP (Figure 2). 
The average spleen-to-body weight for mice receiving 
PBS by any route (n = 6) was 0.38%. The maximum 
dose of NMI received by IP was 105 and the average 
spleen-to-body weight was 2.18%, which was 

Figure 1. Body weight following administration of increasing doses of C. burnetii in BALB/c mice. Mice (n = 5 unless 
otherwise stated) were administered either NMI (black), CM-SC1 (blue), or GP-CO1 (red) by aerosol challenge, intraperitoneal 
injection, or oral gavage. Increasing doses are indicated by increasing pigmentation and size/weight of the symbol/line. Sterile 
PBS (dashed line/open circle) was delivered via each route as negative controls and data from all three routes are combined (n = 6). 
Displayed are the changes in weight as a percentage relative to day 0 (mean ± SEM). Statistical significance was determined by 
a Student’s t-test relative to PBS controls, *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. No statistical analysis was 
performed for days lacking PBS control weights. Cohorts infected with NMI at 103 by IP or with CM-SC1 at 106 by IP and OG 
contained four mice per group.
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statistically significant, p < 0.0001 relative to PBS con-
trol mice. For mice receiving 102 NMI by IP, spleno-
megaly was 0.46% and no longer significant (p = 0.3). 

The highest dose of NMI delivered via AC was 106, 
which induced significant splenomegaly (0.6%, 
p = 0.008). Dosing with NMI by AC at 103 resulted in 

Figure 2. Splenomegaly following administration of increasing doses of C. burnetii in BALB/c mice. Data is presented as 
mean spleen-to-body weight ± SEM for cohorts (n = 5 unless otherwise stated) administered (a) NMI, (b) CM-SC1, or (c) GP-CO1 by 
aerosol challenge (red), intraperitoneal injection (black), or oral gavage (blue). Sterile PBS (open circle) was delivered via each route 
as negative controls and data from all three routes are combined (n = 6). Statistical significance was determined by a Student’s t-test 
relative to PBS controls, *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001. Cohorts infected with NMI at 103 by IP or with CM- 
SC1 at 106 by IP and OG contained four mice per group.

Figure 3. Serological responses following administration of increasing doses of C. burnetii in BALB/c mice. Serum samples 
were screened by IFA to determine anti-C. burnetii IgG titers against Nine Mile phase I (dashed line) and phase II (solid line) antigens. 
Data are presented as GMT ± range for cohorts (n = 5, unless otherwise stated) receiving NMI, CM-SC1, or GP-CO1 via aerosol 
challenge (red), intraperitoneal injection (black), or oral gavage (blue). Data points at <16 represent titers below the limit of 
detection. Cohorts infected with NMI at 103 by IP or with CM-SC1 at 106 by IP and OG contained four mice per group.
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a spleen-to-body weight that was unremarkable (0.52%, 
p = 0.07). At the highest dose of 108 for NMI OG, 
splenomegaly was 0.56% (p = 0.03), and the lowest 
dose received by OG at 105 was 0.48% (p = 0.02), 1.2- 
and 4.5-fold lower than by AC or by IP, respectively, at 
the same dose.

Development of anti-C. burnetii IgG antibodies 
against phase I and phase II antigen was monitored at 
days 7, 14, and 21 pi (Figure 3). No evidence of anti-
body development occurred in PBS controls (data not 
shown). In all instances of seroconversion, phase II 
antibody titers were elevated relative to phase I. For 
mice infected by IP, antibodies had developed by day 7 
pi and seroconversion was evident by 14 days pi for all 
routes; however, some doses were too low to induce 
a serological response. At 14 days pi, GMT for mice 
receiving NMI by OG followed a dose-dependent pat-
tern with no seroconversion observed at 105 followed 
by an increase to 64 (range: <16–64) at 106, 724 (range: 
<16–8,192) at 107, and 1,448 (range: <16–8,192) at 108. 
NMI OG-infected mice at 105 continued to have negli-
gible phase II titers of 16 at 21 days pi; however, the 
phase II GMT reached 14,263 (range: 4,096–65,536) at 
a dose of 108, increasing from 1,351 (range: 16–32,768) 
at 106 and 1,176 (range: 16–16,384) at 107. At 105, NMI 
AC- and IP-infected mice had phase II GMT 10,809 
(range: 8,192–32,768) and 131,072 (range: 65,536– 
262,144), respectively.

At 21 days pi, tissues were analyzed for the pre-
sence of C. burnetii DNA using quantitative PCR 
(Figure 4). Tissues from PBS-treated mice were nega-
tive (data not shown). In mice treated with NMI by 
OG, no C. burnetii DNA was detectable in any of the 
tested tissues (MLN, stomach, spleen, liver, lungs, 
heart, and kidneys) at a dose of 105. In contrast, 
when the same dose was administered via AC, sub-
stantial bacterial loads were detected in all tested 
tissues. Splenic C. burnetii content increased 1,633- 
fold when introduced via IP relative to AC at 105. 
Increasing the OG dose to 106 resulted in measurable 
C. burnetii DNA in all tested tissues except the lungs. 
At 107 for NMI OG-infected mice, bacterial loads 
had increased across all tested tissues with 17.3- 
and 7-fold increases for the stomach and spleen, 
respectively, and could also be detected in the 
lungs. At the maximum dose of 108, the amount of 
C. burnetii in the tissues plateaued or was reduced 
demonstrated by fold changes of 1.3 and 11.5 relative 
to 107 for the stomach and spleen, respectively. At 
the low dose of 103 for mice challenged with NMI by 
AC, C. burnetii could still be detected in all tissue 
types tested by 21 days pi. Similarly, the low dose of 

102 for mice receiving NMI by IP led to bacterial 
loads in all tested tissues except the lungs.

Infection of mice by oral gavage with the 
C. burnetii contemporary strains, CM-SC1 and 
GP-CO1, does not follow a dose-dependent 
pattern and is inferior to the aerosol and injection 
routes

The only contemporary strain cohort to lose weight 
were those receiving 108 GP-CO1 by IP, which resulted 
in an average loss of 7.2% (p < 0.001) by 8 days pi. No 
weight loss was observed for mice receiving CM-SC1 
regardless of the route or dose received. Cohorts receiv-
ing CM-SC1 by IP and OG displayed increased weight 
gain relative to PBS controls (7.38%) with increases 
by day 10 of 10.8% (p = 0.012) and 10.0% (p = 0.001) 
at 107, respectively.

CM-SC1 IP mice had an average spleen-to-body 
weight of 3.35% (p < 0.001) at a dose of 106, which 
was 10.1-fold higher than for mice receiving the same 
dose via OG. Splenomegaly remained significant for 
mice receiving CM-SC1 by IP as low as 104 (0.66%, 
p = 0.003). Cohorts receiving CM-SC1 by AC at 105 

and 103 measured significant spleen-to-body weights of 
0.51% (p = 0.02) and 0.56% (p = 0.02), respectively; 
however, 104 (0.45%) was not significant (p = 0.18). 
Splenomegaly was not observed for AC mice at 102 nor 
for any mice receiving CM-SC1 by OG regardless of the 
dose administered.

Mice receiving GP-CO1 by IP at a dose of 108 had an 
average spleen-to-body weight of 1.09% (p < 0.0001), 
2.2-fold more than OG at the same dose (0.5%, 
p = 0.03). At 107, GP-CO1 IP mice had an average of 
0.63% (p < 0.001), 1.6- and 1.9-fold higher than those 
infected via AC (0.4%, p = 0.76) and OG (0.33%, 
p = 0.42), respectively. Spleen-to-body weights for 
mice dosed at 106 or lower were unremarkable regard-
less of the administration route.

Seropositivity following CM-SC1 OG infection did 
not appear to follow an inoculum-dependent pattern 
at day 21 pi with a phase II GMT of 1,025 (range: <16– 
2,048) at 108, 215 (range: <16–1,024) at 107, 256 (range 
<16–256) at 106, and 2,048 (range: <16–2,048) at 105. 
At a dose of 105, the phase II GMT was 3,104 (range: 
2,048–4,096) and 6,208 (range: 2,048–16,384) for AC 
and IP, respectively. Similarly, GP-CO1 OG-infected 
mice displayed variable phase II GMTs regardless of 
the dose received with phase II GMTs of 194 (range: 
16–8,192) at 108, 23 (range: <16–32) at 107, 76 (range: 
<16–4,096) at 106, and 16 (range: <16–16) at 105. At 
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107, the phase II GMT was 2,353 (range: 1,024–16,384) 
and 43,238 (range: 16,384–65,536) for GP-CO1 AC and 
IP, respectively.

Mice infected with CM-SC1 by OG had variable 
levels of C. burnetii in the tissues regardless of the 

dose administered as evidenced by the 7-, 3-, and 12- 
fold decreases between loads in the spleen at 108, 107, 
and 106, respectively, relative to 105. Similarly, mice 
infected with CM-SC1 by IP displayed stagnant levels 
of C. burnetii in the spleen as the dose increased from 

Figure 4. Bacterial load in tissues following administration of increasing doses of C. burnetii in BALB/c mice. Tissues were 
analyzed for C. burnetii DNA by quantitative PCR. Data is presented as arbitrary quantity units calculated as previously described [21]. 
Each symbol represents an individual mouse and data include the mean (bar) for cohorts (n = 5, unless otherwise stated) receiving 
NMI, CM-SC1, or GP-CO1 via aerosol challenge (red), intraperitoneal injection (black), or oral gavage (blue). Symbols at 10° represent 
values below the limit of detection. Cohorts infected with NMI at 103 by IP or with CM-SC1 at 106 by IP and OG contained four mice 
per group.
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104 to 107. When administered at 102 via AC, CM-SC1 
could not be detected in any tissues except the stomach. 
Increasing the dose to 103 led to detectable levels of 
CM-SC1 in the spleen, liver, lungs, heart, and kidneys. 
At 105, the quantity of CM-SC1 in the spleen was 29- 
and 20-fold higher when administered via IP relative to 
AC and OG, respectively. Although average loads of 
CM-SC1 in the spleens were comparable between AC- 
and OG-infected mice at 105, AC-infected mice had 
detectable C. burnetii in the spleens of all mice, whereas 
CM-SC1 was only detected in three of the five mice 
tested when the same dose was delivered via OG.

Infection with the GP-CO1 strain led to sporadic 
dissemination to peripheral tissues by day 21 pi, despite 
the route of administration or dose received. At 108 by 
OG, only two of five mice had detectable levels of 
C. burnetii in the spleen, while at the same dose by 
IP, four of the five mice had evidence of dissemination 
to the spleen. Only one of the five mice had GP-CO1 
DNA in the spleen at 107 when infected via AC. At 107 

by IP, loads in the spleen were 5-fold higher than OG, 
while AC was 12-fold lower than OG. The difference 
between OG and IP in the spleen at 108 jumped to 
148,000-fold, with similar patterns observed in the liver 
and kidneys.

Discussion

Through this work, we have demonstrated the pathol-
ogy of C. burnetii infection in mice resulting from 
variable doses of three unique isolates administered by 
three different routes. A high dose (108) of the historic 
laboratory strain, NMI, delivered directly into the sto-
mach of immunocompetent BALB/c mice produced 
splenomegaly, a robust antibody response, and coloni-
zation of all tissues tested. Conversely, a low dose (105) 
of NMI by OG was insufficient to cause disease in any 

of the mice as evidenced by the lack of splenomegaly, 
seroconversion, and dissemination. Introduction of 
NMI by IP at a dose 1,000-fold lower or by AC at 
a dose 100-fold lower was sufficient to induce 
a robust immune response and lead to dissemination. 
Our results are in line with what has been described 
previously by Durand et al., who demonstrated 
a 10,000-fold difference between the infectious dose of 
IP versus oral infection [15]. Despite being able to 
cause disease in a dose-dependent manner in immuno-
competent mice, the introduction of C. burnetii via the 
oral route is the least efficient infectious route tested 
herein.

Not only were the immune responses and bacterial 
loads diminished in mice administered C. burnetii via 
the oral route, but infection success was also inferior to 
the other more conventional routes as demonstrated in 
Figure 5. While 100% of mice administered high dose 
(108) NMI demonstrated signs of infection (titer ≥32 or 
detectible C. burnetii in any tested tissue), a lower dose 
(106) resulted in infection of 100% of the AC cohort 
compared to 80% of the OG group. Interestingly, the 
inferior infection success of ingestion is magnified in 
the low passage contemporary isolates, CM-SC1 (ST20 
isolate from raw cow milk) and GP-CO1 (ST8 goat 
placenta isolate), which have been shown to have 
decreased pathogenicity relative to the historic labora-
tory strain NMI [11]. Ingestion at high doses (108) was 
not sufficient to ensure transmission to 100% of the 
tested population for either contemporary isolate. 
Given that these sequence types predominate in the 
United States ruminant populations, this observed 
reduction in transmission success may contribute to 
the relatively small number of Q fever cases attributed 
to the oral route of infection [16].

ST8 isolates comprise one of the three major 
sequence types currently circulating in the United 

Figure 5. Percentage of cohorts with any evidence of infection following administration of increasing doses of C. burnetii 
in BALB/c mice. Displayed are the percentages of mice within each cohort with any evidence of infection based on a serological 
titer against either phase I or phase II of ≥ 32 or C. burnetii detected in at least one of the tissues tested. Percentages (n = 5, unless 
otherwise stated) are shown for mice receiving either NMI, CM-SC1, or GP-CO1 via aerosol challenge (red), intraperitoneal injection 
(black), or oral gavage (blue). Cohorts infected with NMI at 103 by IP or with CM-SC1 at 106 by IP and OG contained four mice per 
group.
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States; they are closely associated with goats and are 
responsible for multiple outbreaks of Q fever across the 
US [17–19]. Following an ST8-associated outbreak of 
Q fever in Washington in 2011, C. burnetii infection 
was evident in all 17 goat herds tested across 
Washington, Montana, and Oregon; however, only 21 
cases of human infection were identified and of those 
only 15 were symptomatic [18]. Similarly, an ST8- 
associated Q fever outbreak in Colorado, from which 
the GP-CO1 strain was isolated, resulted in seroconver-
sion of 11 of 138 persons living within 1 mile of the 
operation [17]. Despite goat abortions occurring in 
both outbreaks, which allow for the introduction of 
large amounts of C. burnetii into the environment, 
the scale of these ST8 outbreaks is fairly unremarkable 
relative to some other recorded Q fever events, and 
infections are fewer than anticipated, given an infec-
tious dose of 1–10 organisms [2]. Interestingly, we 
show here that none of the mice showed any evidence 
of infection by day 21 pi following inhalation of 10,000 
GP-CO1 (ST8) organisms, while aerosol challenge of 
NMI (ST16) at a dose of 1,000 was sufficient to infect 
100% of the mice. These findings suggest that the 
infectious dose of the ST8 isolates is potentially much 
higher than that of the classic 1–10 organisms touted 
for the NMI strain. It is important to consider the 
potential impact that the introduction of a more viru-
lent strain into the US ruminant populations may have, 
underscoring the need for continued surveillance.

Administration of C. burnetii by ingestion, inhala-
tion, and injection led to dissemination in all tested 
tissue types, including the stomach. Given that mice 
are infected following aerosolization of C. burnetii in 
a whole-body chamber, it is possible that introduction 
of C. burnetii into the stomach resulted from grooming; 
however, dissemination to the stomach from the lungs 
cannot be ruled out. Interestingly, a study examining 
the spread of radiolabeled Francisella tularensis follow-
ing inhalation found dissemination to the stomach and 
other GI tract tissues within hours despite several mod-
ifications to eliminate the potential for accidental intro-
duction of the inoculum to the GI tract [20]. We have 
demonstrated previously that C. burnetii is able to 
persist for at least 21 days in the stomachs of mice 
following oral gavage. Therefore, we hypothesized that 
if C. burnetii can disseminate to the stomach during 
natural infection, the stomach may serve as a location 
to seed recrudescence leading to development of 
chronic Q fever. To begin to address this, we examined 
a small cohort of mice (n = 3) for the potential to 
persist in the stomach following OG at 31- and 42- 
days pi. While NMI was still detected in the spleen of 
some mice and the GMT increased through day 42, 

C. burnetii was below the limit of detection in the 
stomach of all mice at days 31 and 42 pi 
(Supplemental Figure 1). Based on these findings, it is 
unlikely that the stomach harbors C. burnetii long term 
to facilitate recurrence of chronic infection.

Collectively, our findings show that although 
C. burnetii can establish infection in mice following 
administration by ingestion, inhalation, and injection, 
infection severity and transmission success are route 
dependent, with ingestion being the most inefficient.
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