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Abstract: Between 2000 and 2015, 904 cases of acute Q fever were reported in England and Wales.
The case dataset had a male to female ratio of 2.5:1, and a median age of 45 years. Two outbreaks
were recognised during this time period, and the incidence of sporadic cases was highest across
the southwest of England, and Wales. There are limitations in the surveillance system for Q fever,
including possible geographical differences in reporting and limited epidemiological data collection.
The surveillance system needs to be strengthened in order to improve the quality and completeness
of the epidemiological dataset. The authors conclude with recommendations on how to achieve this.
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1. Introduction

Q fever is a zoonotic disease caused by infection with the bacteria Coxiella burnetii. Its primary
animal reservoirs are cattle, sheep, and goats, and it is shed in the urine, faeces, milk, and birth
products of infected ruminants [1]. Humans are usually infected through inhalation of dust or aerosols
containing the organism, which may be produced during birth or at slaughter [1]. Human cases have
also been associated with drinking unpasteurised milk, tick bites, and contact with parturient cats [1].
The majority of acute cases of Q fever in humans are asymptomatic, however the infection may also
present as influenza-like illness or pneumonia [2]. Case numbers show seasonal variation with most
cases occurring in the spring and summer [3,4], and the pattern is thought to be linked to lambing,
environmental contamination, and the movement of livestock [5,6].

The largest recorded outbreak of Q fever in the UK since 2000 occurred at a meat processing plant
in Scotland in 2006, involved 142 cases, and was thought to have been caused by airborne transmission
from a sheep lairage [7,8]. A subsequent outbreak in the Netherlands between 2007 and 2010, with
over 4000 cases, attracted worldwide attention and raised public awareness of the disease [9]. It has
resulted in a large amount of work being done to examine Dutch cases of Q fever, whilst cases in
England and Wales are less well described.

Q fever is not notifiable in either humans or animals in England and Wales [10], although since
2010 the organism is laboratory reportable in humans [11]. This paper describes the epidemiology of
Q fever in England and Wales for the 16 year period from 2000 to 2015.
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2. Methods

In England and Wales, serologically confirmed cases of C. burnetii infection are reported by
the source laboratory to Public Health England (PHE). Databases of routine laboratory reports are
supplemented with data from the two Q fever reference laboratories (the Regional PHE Laboratory in
Bristol and the Rare and Imported Pathogens Laboratory (RIPL) at PHE Porton). The three datasets are
combined and de-duplicated using patient name or soundex (phonetic algorithm for indexing names
by sound, as pronounced in English), sex, and date of birth.

For the purposes of surveillance and diagnosis, positive test results are divided into three
categories: acute infection, chronic infection, and past exposure. Only acute cases are included in this
analysis since diagnosis of chronic infection requires clinical information (in addition to microbiological
information) which was not available for this analysis. In acute self-limited Q fever, antibodies to
phase II antigens appear first, dominate the humoral immune response and are present at higher titre
than anti-phase I antibodies. An initial rise in IgM antibody to phase II antigen is followed by an IgG
response to the same antigen. Diagnosis of acute infection requires a four-fold rise in titre or a single
high titre of >512 (Regional PHE Laboratory in Bristol) or > 640 (RIPL) by immunofluorescence for
both IgM and IgG, or a positive PCR in the absence of high phase 1 antibodies.

3. Results

A total of 904 cases of acute Q fever were reported in England and Wales between 2000 and 2015
(Figure 1, Table 1). These figures include cases associated with two recognised outbreaks. The first
occurred in workers at a cardboard manufacturing plant in South Wales in 2002 (95 cases), where
the source was believed to be airborne transmission resulting from drilling into contaminated straw
board during office renovation [12]. The second recognised outbreak occurred in Cheltenham in
2007 (30 cases), thought to be due to windborne spread from a farm source [13]. Following the 2002
outbreak, case numbers in England and Wales decreased until 2011 and 2012 when there was a further
notable peak. This was mostly due to an increase in cases in the Northwest of England, although a
common source was not recognised.
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Figure 1. Acute Q fever diagnoses in England and Wales, 2000-2015, by outbreak or sporadic.
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Table 1. Acute Q fever cases and incidence rates in England and Wales (2000-2015). Incidence rates per
100,000 population, using ONS mid-year populations estimates (as at 30 June 2006) [14].

Year Total Cases Sporadic Cases Incidence Rates
(Excl. Recognised Outbreak Cases) (Excl. Recognised Outbreak Cases)

2015 18 18 0.03

2014 50 50 0.09

2013 36 36 0.07

2012 106 106 0.20

2011 95 95 0.18

2010 45 45 0.08

2009 23 23 0.04

2008 35 35 0.07

2007 50 20 0.04

2006 37 37 0.07

2005 44 44 0.08

2004 42 42 0.08

2003 66 66 0.12

2002 140 45 0.08

2001 48 48 0.09

2000 69 69 0.13

Total 904 779

Mean 56.5 48.7 0.09

Figure 2 shows diagnoses by age and sex. Six hundred and forty cases (70.8%) were male and
258 (28.5%) were female (ratio 2.5:1). The remaining six cases had unspecified gender. Cases had a
median age of 45 years (range 0-100), and 13 cases had unspecified age. Where age was recorded, case
numbers for both males and females peaked in the 60+ age group (22.1%). Less than 5% of all cases
occurred in children and young adults under 20 years of age (n = 42), and 41.1% were over 50 years
old (n = 366).
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Figure 2. Acute Q fever diagnoses (including outbreak cases) 2000-2015, by age group and sex.

In the 2002 outbreak in Wales, 83% of cases were male and there was a median age of 44 years
(22-60 years) [12]. Similarly in the 2007 outbreak in Cheltenham, 70% of cases were male with a median
age of 48 years (19-72 years) [13].

Only 73 cases (8.1%) reported a history of travel between 2000 and 2015, suggesting that
the majority of cases reported in England and Wales are autochthonous. The geographical
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distribution of non-outbreak associated Q fever is shown in Figure 3, with the majority of cases
reported from the southwest of England, and Wales. These regions also had the highest mean
annual incidences (calculated using ONS mid-year populations estimates (as at 30 June 2006) [14]).
The regional distribution of human cases is similar to the distribution and density of sheep and cattle
populations [15,16], although the density of human cases is lower in the northern regions of England
than the animal populations might suggest.
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Figure 3. Acute Q fever incidence rates by region in England and Wales, 2000-2015 (excluding
outbreak-associated cases). Incidence rates per 100,000 population, using ONS mid-year populations
estimates (as at 30 June 2006) [14].

4. Discussion

Between 2000 and 2015, 904 cases of acute fever were reported in England and Wales.
This corresponds to a mean annual incidence of 0.09 cases/100,000 population/year (excluding
outbreak cases), slightly lower than previously reported figures of 0.1-0.35/100,000 population/year
for 1975-1995 [17].

Few cases in this dataset were children (<5% under 20 years) and this supports previous findings
that, whilst exposure to C. burnetii in childhood is common, children are more likely to have mild
or asymptomatic infection and are less likely to be investigated and/or admitted to hospital [18].
As in other studies [19], cases of Q fever in males outnumbered those in females by 2.5:1. This gender
difference can be partly explained by the predominance of men in farming and related professions,
and there is some support for this from Orr et al.’s 2006 study, which identified a person’s occupation
as the most likely route of exposure for sporadic cases [20]. It is also possible that there are underlying
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biological differences between the genders that can explain the higher rates of infection amongst men.
The occurrence of clinical disease in females may be affected by the female hormone 173-estradiol,
which has been found to exert a protective effect for C. burnetii infection [21], and a circadian gene
(Per2), which is differently modulated in males and females and appears to be related to the clinical
status of Q fever patients [22].

There were substantial geographic variations in the distribution of human Q fever within England
and Wales. The relatively high rates in the southwest of England may reflect the distribution of sheep in
the UK, but may also reflect increased ascertainment due to the location of both reference laboratories.
It is not currently clear which source laboratories include Q fever in their serology screens for atypical
pneumonia, a policy that could vary geographically. There may be greater awareness of Q fever in
the southwest region than elsewhere, and a laboratory survey would aid in understanding laboratory
testing practices across England and Wales.

It is also possible that the prevailing south westerly winds in England and Wales may have led to
the greater burden of disease in the Southwest and Wales. Unusual changes in wind direction and
strength have been implicated as a potential cause of Q fever outbreaks in the past [23].

A retrospective consensus on the case definition for surveillance of acute Q fever in the UK
has recently been reached (as detailed in the Methods section) and a definition to include chronic
and past cases is being developed for future work (Pers Comms). This is an important step
towards standardising diagnostics, and will allow much more reliable interpretation of UK case
data. A limitation of this paper was the restriction of the dataset to acute cases only. Diagnosis of
chronic infection requires clinical information (in addition to microbiological information) which was
not available for this analysis. In addition, chronic and past cases are difficult to assign to a year of
onset because they may have acquired their infection several years previously [24]. This restriction to
acute cases only will have resulted in an under-representation of the burden of Q fever in England
and Wales.

At present, only basic epidemiological information is collected on Q fever patients” exposure
histories, making it difficult to identify the source of infection for many sporadic cases. The authors
recommend a period of enhanced surveillance, aimed at more clearly describing the risk factors for Q
fever in England and Wales. Work is already underway to describe geographical variation in disease
in relation to the distribution of animal populations, and better exposure data is needed to refine this.

An increase in cases was noted in 2011/2012, concentrated in the northwest of England. The reason
for this increase is unclear. No human or animal outbreaks were reported, spurious factors such as
changes in clinical or laboratory practices were excluded, and no changes in the prevalence of risk
factors were identified. The increase is believed to have been either a genuine, unidentified increase
in sporadic cases, or an undetected cluster or outbreak. A more robust surveillance system is being
developed, to ensure that acute cases are followed up and to enable potential links and sources to be
recognised in a timely fashion.

5. Conclusions

This paper has described the epidemiology of Q fever in England and Wales between 2000 and
2015. Whilst some case data is available, work is required to improve the quality and completeness of
the dataset. The authors recommend:

e Establishing a period of enhanced surveillance, where data on the potential source of an
individual’s infection is collected.

e Conducting a laboratory survey to determine the proportion of cases reported to the reference
laboratories, and any geographical variation in policy.

e Analysing the geographical variation in the case dataset, to determine whether it is real or
ascertainment bias, and to explore reasons for the variation.
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In future, it will be possible to compare the data in this paper with the epidemiological data
obtained from an improved surveillance system that collects enhanced exposure information. We hope
to reflect on the accuracy of this historical data in the light of attempts to improve the quality of
the scheme.

Acknowledgments: We would like to acknowledge Susan Brownlie, Lynda Browning, and Eileen Corey who
provided data for an earlier draft of this manuscript, and also Brian Smyth and Conall McCaughey who
commented on an earlier draft.

Author Contributions: Kate D. Halsby collected and cleaned the data and drafted the manuscript; Hilary Kirkbride
supervised the initial manuscript drafts and commented on the final draft; Amanda L. Walsh gathered much of
the early data and commented on the final draft of the manuscript; Ebere Okereke changed the focus of the paper
and commented on the final draft of the manuscript; Timothy Brooks provided the laboratory data from RIPL,
PHE and commented on the final draft of the manuscript; Matthew Donati provided the laboratory data from the
Regional PHE laboratory in Bristol and commented on the final draft of the manuscript; Dilys Morgan oversaw
the Q fever data collection system and commented on the final draft of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Cutler, S.; Bouzid, M.; Cutler, R. Q Fever. |. Infect. 2007, 54, 313-318. [CrossRef] [PubMed]

Raoult, D.; Marrie, T.]J.; Mege, J.L. Natural history and pathophysiology of Q fever. Lancet Infect. Dis. 2005, 5,
219-226. [CrossRef]

3.  Public Health England. Health Protection Report: Latest Infection Reports. Available online: https://www.
gov.uk/government/collections/health-protection-report-latest-infection-reports#zoonoses (accessed on
20 April 2017).

4. Scottish Government. Q Fever. Available online: http:/ /www.gov.scot/Topics/farmingrural / Agriculture/
animal-welfare/News/PregLambFAQ/QFever (accessed on 20 April 2017).

5. Maurin, M.; Raoult, D.Q. Fever. Clin. Microbiol. Rev. 1999, 12, 518-553. [PubMed]

6. Georgiev, M.; Afonso, A.; Neubauer, G.; Needham, H.; Thiery, R.; Rodolakis, A.; Roest, H.J.; Stark, K.D.;
Stegeman, ].A.; Vellema, P; et al. Q fever in humans and farm animals in four European countries, 1982-2010.
Euro Surveill. 2013, 18.

7. Wilson, L.E.; Souper, S.; Prempeh, H.; Young, D.; Pollock, K.G.J.; Stewart, W.C.; Browning, L.M.; Donaghy, M.
Investigation of a Q Fever outbreak in a Scottish co-located slaughterhouse and cutting plant. Zoonoses Public
Health 2010, 57, 493-498. [CrossRef] [PubMed]

8.  Health Protection Scotland. Coxiella burnetii (Q fever), Scotland, Annual Totals. Available online:
http:/ /www.hps.scot.nhs.uk/giz/resourcedetail.aspx?id=1458 (accessed on 21 April 2017).

9.  Schneeberger, PM.; Wintenberger, C.; van der Hoek, W.; Stahl, J.P. Q fever in the Netherlands, 2007-2010:
What we learned from the largest outbreak ever. Med. Mal. Infect. 2014, 44, 339-353. [CrossRef] [PubMed]

10. Defra. Zoonoses Report UK. Available online: https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/447771/pb13987-zoonoses-report-2013.pdf (accessed on 20 April 2017).

11. HM Government. Notifiable Diseases and Causative Organisms: How to Report. Available online:
https:/ /www.gov.uk/guidance /notifiable-diseases-and-causative-organisms-how-to-report#list-of-
notifiable-organisms-causative-agents (accessed on 20 April 2017).

12. Van Woerden, H.C.; Mason, B.W.; Nehaul, L.K.; Smith, R.; Salmon, R.L.; Healy, B.; Valappil, M.;
Westmoreland, D.; de Martin, S.; Evans, M.R.; et al. Q fever outbreak in an industrial setting. Emerg.
Infect. Dis. 2004, 10, 1282-1289. [CrossRef] [PubMed]

13.  Wallensten, A.; Moore, P.; Webster, H.; Johnson, C.; van der Burgt, G.; Pritchard, G.; Ellis-Iversen, J.; Oliver, I.
Q fever outbreak in Cheltenham, United Kingdon, in 2007 and the use of dispersion modelling to investigate
the possibility of airborne spread. Euro Surveill. 2010, 15. Available online: http:/ /www.eurosurveillance.
org/ViewArticle.aspx?Articleld=19521 (accessed on 20 April 2017).

14. ONS. Population estimates for UK, England and Wales, Scotland and Northern Ireland. Available online:
https:/ /www.ons.gov.uk/peoplepopulationandcommunity / populationandmigration /
populationestimates/datasets /populationestimatesforukenglandandwalesscotlandandnorthernireland
(accessed on 20 April 2017).


http://dx.doi.org/10.1016/j.jinf.2006.10.048
http://www.ncbi.nlm.nih.gov/pubmed/17147957
http://dx.doi.org/10.1016/S1473-3099(05)70052-9
https://www.gov.uk/government/collections/health-protection-report-latest-infection-reports#zoonoses
https://www.gov.uk/government/collections/health-protection-report-latest-infection-reports#zoonoses
http://www.gov.scot/Topics/farmingrural/Agriculture/animal-welfare/News/PregLambFAQ/QFever
http://www.gov.scot/Topics/farmingrural/Agriculture/animal-welfare/News/PregLambFAQ/QFever
http://www.ncbi.nlm.nih.gov/pubmed/10515901
http://dx.doi.org/10.1111/j.1863-2378.2009.01251.x
http://www.ncbi.nlm.nih.gov/pubmed/19912614
http://www.hps.scot.nhs.uk/giz/resourcedetail.aspx?id=1458
http://dx.doi.org/10.1016/j.medmal.2014.02.006
http://www.ncbi.nlm.nih.gov/pubmed/25108615
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/447771/pb13987-zoonoses-report-2013.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/447771/pb13987-zoonoses-report-2013.pdf
https://www.gov.uk/guidance/notifiable-diseases-and-causative-organisms-how-to-report#list-of-notifiable-organisms-causative-agents
https://www.gov.uk/guidance/notifiable-diseases-and-causative-organisms-how-to-report#list-of-notifiable-organisms-causative-agents
http://dx.doi.org/10.3201/eid1007.030536
http://www.ncbi.nlm.nih.gov/pubmed/15324550
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19521
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=19521
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/populationestimatesforukenglandandwalesscotlandandnorthernireland
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/populationestimatesforukenglandandwalesscotlandandnorthernireland

Vet. Sci. 2017, 4, 28 7of 7

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

Defra. The Cattle Book 2008. Available online: https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/69220/pb13572-cattlebook-2008-090804.pdf (accessed on 20 April 2017).
Defra. Distribution of Sheep in UK on 02 June 2005. Available online: http://webarchive.nationalarchives.
gov.uk/20130402151656 /http:/ /archive.defra.gov.uk/foodfarm /farmanimal/diseases/vetsurveillance/
reports/documents/rp6150.pdf (accessed on 20 April 2017).

Thomas, D.R.; Salmon, R.L.; Smith, RM.M.; Caul, E.O.; Treweek, L.; Kench, S.M.; Coleman, T.J.; Meadows, D.;
Morgan-Capner, P; Sillis, M. Epidemiology of Q fever in the UK. In Rickettsiae and Rickettsial Diseases; Kazar, J.,
Toman, R., Eds.; Slovak Academy of Sciences: Bratislava, Slovakia, 1996; pp. 512-517.

Maltezou, H.C.; Raoult, D. Q fever in children. Lancet Infect. Dis. 2002, 2, 686—-691. [CrossRef]

McCaughey, C.; McKenna, J.; McKenna, C.; Coyle, P.V,; O'Neill, H.J.; Wyatt, D.E.; Smyth, B.; Murray, L.J.
Human seroprevalence to Coxiella burnetii (Q fever) in Northern Ireland. Zoonoses Public Health 2008, 55,
189-194. [CrossRef] [PubMed]

Orr, HJ.; Christensen, H.; Smyth, B.; Dance, D.A.B.; Carrington, D.; Paul, L; Stuart, ].M. Case-control
study for risk factors for Q fever in southwest England and Northern Ireland. Euro. Surveill. 2006, 11,
260-262. Available online: http:/ /www.eurosurveillance.org/View Article.aspx?Articleld=655 (accessed on
20 April 2017). [PubMed]

Leone, M.; Honstettre, A.; Lepidi, H.; Capo, C.; Bayard, F,; Raoult, D.; Mege, ].L. Effect of sex on Coxiella
burnetii infection: Protective role of 173—-Estradiol. J. Infect. Dis. 2004, 189, 339-345. [CrossRef] [PubMed]
Mehraj, V.; Textoris, J.; Capo, C.; Raoult, D.; Leone, M.; Mege, ].L. Overexpression of the Per2 gene in male
patients with acute Q fever. J. Infect. Dis. 2012, 206, 1768-1770. [CrossRef] [PubMed]

Hawker, ].L; Ayres, ].G; Blair, I.; Evans, M.R; Smith, D.L.; Smith, E.G.; Burge, P.S.; Carpenter, M.].; Caul, E.O.;
Coupland, B.; et al. A large outbreak of Q fever in the West Midlands: windborne spread into a metropolitan
area? Commun. Dis. Public Health 1998, 1, 180-187. [PubMed]

CDC. Diagnosis and Management of Q fever—United States, 2013: Recommendations from CDC and the Q
Fever Working Group. MMWR 2013, 62, 1-23. Available online: https://www.cdc.gov/mmwr/preview /
mmwrhtml/rr6203al.htm (accessed on 20 April 2017).

@ © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69220/pb13572-cattlebook-2008-090804.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/69220/pb13572-cattlebook-2008-090804.pdf
http://webarchive.nationalarchives.gov.uk/20130402151656/http://archive.defra.gov.uk/foodfarm/farmanimal/diseases/vetsurveillance/reports/documents/rp6150.pdf
http://webarchive.nationalarchives.gov.uk/20130402151656/http://archive.defra.gov.uk/foodfarm/farmanimal/diseases/vetsurveillance/reports/documents/rp6150.pdf
http://webarchive.nationalarchives.gov.uk/20130402151656/http://archive.defra.gov.uk/foodfarm/farmanimal/diseases/vetsurveillance/reports/documents/rp6150.pdf
http://dx.doi.org/10.1016/S1473-3099(02)00440-1
http://dx.doi.org/10.1111/j.1863-2378.2008.01109.x
http://www.ncbi.nlm.nih.gov/pubmed/18387140
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=655
http://www.ncbi.nlm.nih.gov/pubmed/17130654
http://dx.doi.org/10.1086/380798
http://www.ncbi.nlm.nih.gov/pubmed/14722900
http://dx.doi.org/10.1093/infdis/jis600
http://www.ncbi.nlm.nih.gov/pubmed/22984121
http://www.ncbi.nlm.nih.gov/pubmed/9782633
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr6203a1.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/rr6203a1.htm
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Results 
	Discussion 
	Conclusions 

