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Q-fever

• First identified in Australia in 1935

• “Q” is for query

• But at that time the etiological agent could not be isolated

• Caused by the bacterium Coxiella burnetii (1938)
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Coxiella burnetii

• Gram negative, intracellular bacteria

• Obligate intracellular pathogen

• Zoonotic pathogen carried predominantly by 
goats, sheep and cattle

• Genome size – 1.9 – 2.2 mbp
– plasmids QpH1, QpRS, QpDG, QpDV

• Six genomic groups proposed, based on 
restriction endonuclease digests of genomic 
DNA

Genome of C. burnetii RSA492 -(Seshadri et.al., 
2003)

Electron micrograph depicting small and large 
colony variants: Rocky mountain Labs



Phase variation

• Phase I – virulent, CL3 e.g. Nine Mile I 
(NMI)
• Complete LPS with O antigen sugars L-

virenose and dihydrohydroxystreptose

• Phase II – attenuated, CL2 e.g. Nine 
Mile II (NMII)
• Truncated LPS without O antigen
• Isolated following multiple passage in 

egg yolk sacs, tissue culture or axenic 
media 

• Genetic mechanism recently 
elucidated
• Accumulation of 14 mutations in 11 

predicted LPS-associated genes C. burnetii LPS forms: Beare et al. 2018
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Host and pathogen functions important for C. 
burnetii infection. 

Hayley J. Newton, and Craig R. Roy mBio 2011; 

doi:10.1128/mBio.00226-11

Coxiella-containing vacuole (CCV)

Coxiella can only replicate when 
the vacuole becomes acidified

T4SS activated



Growth of C. burnetii
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• Growns well in yolk sac of chick

embryos

• Can be grown in cell cultures

e.g. Vero, macrophage cell 

lines.



Cell-free growth of C. burnetii
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• Map transcriptome

• Predict nutritional 
requirements from metabolic 
pathway profiling

– Auxotrophic for many amino 
acids

• Consider the niche in which 
the bacterium replicates  -
the Coxiella containing 
vacuole (CCV) an acidified 
endosome
– Low pH (~4.5)

– Low oxygen levels (2.5%)



ACCM-2 growth medium
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Salts, Vitamins, Minerals & Trace Elements
• calcium chloride dihydrate (26 mg/L)
• citric acid (5140 mg/L)
• citric acid trisodium anhydrous (8320 mg/L)
• iron (II) sulfate hydrate (3 mg/L)
• magnesium chloride anhydrous (190 mg/L)
• potassium phosphate monobasic anhydrous (1000 mg/L)
• sodium chloride (14560 mg/L)
Amino Acids & Supplements
• L-Cysteine hydrochloride monohydrate (527 mg/L)
Rich Supplements
• casamino acids (5000 mg/L)
• tryptone (casein peptone) (200 mg/L)
Other Additives
• methyl-b-cyclodextrin (2000 mg/L)

• pH adjusted to 4.75
• 2.5% O2
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Q-fever in livestock

• A disease of concern in livestock, especially sheep, goats and 
cattle

• But infection of other wild animals reported

• Vector borne transmission via ticks

• Infection is a cause of morbidity, and abortion in pregnant 
animals
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Global distribution of disease in animals
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• Found globally in most counties (except New Zealand)

Seroprevalence in animals in the UK:

13-29 % of cattle
9-12 % of sheep
9 -26 % of goats
53% of rats
41% of foxes
61% of cats



C. burnetii in milk
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• Sampling bulk milk in the UK reveals 
that 80% of herds are infected 
(Velasova M, et al. 2017)

• confirmatory testing found 29% of 
herds were PCR positive

• Pasteurisation kills bacteria, but an 
emerging trend is to drink untreated 
milk

Valergakis GE et al. (2012) Vet Rec, 171(6):156

Coxiella burnetii in bulk tank milk 
of dairy cattle in SW England



Q-fever in humans
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• Experimental disease. Evidence of infectious dose from human volunteer studies 
in the USA in the 1950s (Brooke et al., 2013)

• ID50 dose 1 infectious unit
• Dose for 50% illness = 5 infectious units

• Naturally occurring disease

• By exposure to infected animals or animal products
• By the inhalation of bacteria
• By ingestion of contaminated foodstuffs

Feces 

Urine 

Milk



Q-fever in humans

Bacterial Pathogenicity Research Group

• Acute 
• Acute disease is often characterised by flu-like symptoms
• High fever, retro-orbital headache, pneumonia
• 1-2%  of cases develop a pneumonia

• Chronic
• 5-15% of cases become chronic
• Endocarditis, hepatitis and chronic fatigue
• Miscarriage or low birth weight in pregnant women

• Asymptomatic
• 50% of infections 
• In the UK 27% of farmers and 10% of the general population show signs 

(antibodies) indicating previous exposure



Human disease in the UK
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In 2006, the largest outbreak of Q fever in 
Scotland occurred at a co-located 

slaughterhouse and cutting plant, with 110 
cases. Preliminary investigations pointed to 

the sheep lairage being the potential 
source of exposure to the infective agent. 

In 2002, an outbreak of Q fever occurred in 
South Wales at a cardboard manufacturing 
plant, with 95 cases identified. The offices were 
undergoing renovation work and the outbreak 
may have been caused by aerosolisation of 
Coxiella burnetii spore-like forms during drilling 
into contaminated straw board.

In 2007, an outbreak of Q fever occurred in 
Cheltenham, with 30 confirmed or 
probable human cases identified. An 
investigation identified windborne spread 
of Coxiella burnetii from nearby sheep 
farms as the most likely source of infection. 

Halsby KD et al. (2017) Vet Sci, 4:28



The Netherlands outbreak
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• Largest outbreak 2007-2010

• more than 4,000 human 
cases in the Netherlands;
required euthanizing 50,000 
goats.

Human cases Jan-June 2009. Area 
in red shows mandatory Sheep and 
goat vaccination area

Hogerwerf et al., (2011) Emerg Infect 
Dis 17:379-386



Q-fever and chronic disease

• Most cases present as 
Q-fever endocarditis. 

• Evidence that 10-15% of 
acute cases, progress to 
chronic fatigue, lasting 
5-10 years (Bewley KR. 
Comp Med. 2013 
63(6):469–476)
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• Febrile patients in community 
hospitals without obvious 
cause of infection

• 0.5% of these patients showed 
rising antibody titres 
consistent with Q-fever 
infection 

Q-fever in Thailand



Infection models
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• Mice
• Immunocompetent mice show minimal signs of disease
• SCID mice develop chronic disease caused by phase 1 strains

• Guinea pigs
• Acute infection caused by phase 1 strains

• Non-human primates
• Acute infection caused by phase 1 strains



Galleria mellonella as an infection  model

• Easy to inject via prolegs

• Incubation at 37°C

• Low rearing costs

• immune system shows similarities 

with mammalian innate immune 

system

Bacterial Pathogenicity Research Group



G. mellonella infection with C. burnetii
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Norville et al., Microbiology. 2014 160:1175-81



B

Infected 

Control

G. mellonella infection with C. burnetii

• LD50 = 1.19x104 GE/mL
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C. burnetii resides within haemocytes

Uninfected control 48hrs post infection 72hrs post infection

• Transmission electron micrographs show C. burnetii infection within a 
clearly defined CCV (white arrows)

• By 72hrs post infection the CCV has expanded to occupy the entire cell 

• Currently working on developing in vitro assays paired with fluorescence 
microscopy to determine the presence of CCV markers (e.g. LC3, Lamp-1)
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Transcriptome of C. burnetii isolated from 
infected G. mellonella
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• The T4SS structural components are 
not upregulated (but they are 
expressed) 

• Some effectors are upregulated, 
some downregulated



Q-fever

• If it is important why has it been neglected?

– Until recently it was not to culture C. burnetii axenically

– Isolation of C. burnetii from tissue samples is very challenging

– Until recently there were no genetic tools

– There is no good small animal model of infection
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Genetic diversity of C. burnetii ?
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• Partial or complete genomes 
deposited at GenBank

• Sequencing genomes of UK 
isolates

–Human heart valve (1)

–Cow placenta (4)

– Sheep placenta (1)

–Goat placenta (4)



Extract DNA Inoculate 

cultures

Resuspend
magnetic beads in 
binding buffer

Add antibody

Incubate for 
covalent coupling of 
the ligand to the 
magnetic beads

Add target-
containing 
sample

Incubate for 
affinity-
binding of 
target

Magnetic 
separation, 
remove 
supernatant

Wash

Schematic for immunoaffinity method. Coxiella burnetii Lane antibody was coupled to 
magnetic beads using the Dynabeads® Antibody Coupling Kit (Novex; Life Technologies)

Immunoaffinity capture of C. burnetii
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Sequencing genomes of UK isolates



Core genomes of 76 C. burnetii isolates
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Lineage; association with source and human disease
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Lineage;  association with continent
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Approaches to a vaccine

• Develop a sub-unit vaccine which could be used in both 
livestock and in humans

• Develop a for use in livestock, which may reduce exposure of 
humans to the bacteria
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Q-fever vaccines in livestock

• There are a number of killed whole cell vaccines used 
in animals
• 2 initial doses and boosters every 9-12 months

• They are reactogenic (Schulze et al. 206; 

• They can reduce shedding from cattle in milk (Pinero et al., 
2014; Taurel et al., 2014) or from goats (Muleme et al., 2017) 
or from sheep (Eibach et al.,2013)

• They can result in a marked improvement in herd health 
(Lehner et al., 2017)

• There is an urgent need for an effective single dose 
vaccine for use in livestock
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Live attenuated vaccine

• Need to be able to make and screen mutants

• Need a robust and reliable infection model
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Himar1 transposon mutagenesis in C. burnetii

• Himar1 Mariner family transposon 

• Isolated from the horn fly Haematobia
irritans

• Inserts randomly at TA sites

• Class II ‘’cut and paste’’ transposition 
mechanism
– Himar1 transposase recognises ITRs, 

facilitating transposon insertion
– Transposase encoding gene encoded outside 

of ITRs = formation of a mutant with a single 
transposon insertion

– AMR gene within ITRs, allows for selection of 
successful mutants
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Sequencing allows a global population of mutants to 
be mapped
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Map mutant pool by 
sequencing DNA 
flanking each 
transposon

Pool of C. burnetii
transposon mutants

transposon

Interrupted gene

PCR amplification 
and sequencing

Location and 
abundance



Transposon mutagenesis

Detect and remove transposon tags

Map reads to genome to identify insertion 
site

Calculate insertion index normalised to 
gene length
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Total Reads 20,826,953
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% Mapped 94.16

Unique Insertion Sites 89,122



Some genes are not interrupted by transposons
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• Mutation renders the bacterial cell non-viable

• “Essential” genes



812 
Essential 

genes

41 (5%) tRNAs 
489 (60%) 

known 
functions

55 (7%) 
pseudogenes

227 (28%) 
hypothetical 

proteins

435
unique 

functions

282/435 (65%) 
DEG hits

cell division protein 

methyltransferase

transcriptional regulator

permease

GTP-binding protein

protein translocase subunit

ATPase
alanyl-tRNA synthetase

acyl carrier protein

acetyltransferase

ABC transporter ATP-binding protein

DNA topoisomerase I

ferredoxin

leucyl-tRNA synthetase

integral membrane protein

Essential genes in C. burnetii



G. mellonella as a TRADIS infection model

• Challenge with transposon library

• Identify mutants that are eliminated 

• These potential virulence genes
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Pool of C. burnetii
transposon mutants

Sequence DNA flanking 
the transposons

Recovered pool from 
infected G. mellonella

OUTPUT POOL

INPUT POOL

C. burnetii genes required for growth in vivo

ESSENTIAL GENE

VIRULENCE 
GENE



Summary

• Coxiella burnetii is an under-estimated cause of animal and human 
disease

• Some genomic groups are more likely to be associated with 
human disease

• A One Health approach could enable disease in animals and 
humans to be controlled 

• Global mutagenesis is being used to identify a live attenuated 
vaccine candidate
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