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Summary

Background: Emerging infectious diseases can compro-
mise the safety of tissues for transplantations. A recent
outbreak of Q fever, a zoonosis caused by the bacterium
Coxiella burnetii, in the Netherlands compelled the
Dutch tissue banks to assess the risk of Q fever transmis-
sion through tissue transplantation in order to maintain
optimal safety. Methods: This article describes the sys-
tematic approach that was followed in the Netherlands.
This approach included a review of the literature, a quali-
tative risk assessment, expert opinion gathering and in-
vestigations for specific strategies that can help to main-
tain the balance between tissue safety and availability.
Results: This resulted in a specific donor selection policy
and in development of further research to fill in gaps in
knowledge about Q fever in tissue transplantation. Con-
clusion: The strategy described in this article may be
useful for tissue bankers facing similar outbreaks of
emerging infections or may be useful for development
of future guidelines or assessment strategies for tissue
banking.

Schliisselworter
Q-Fieber - Coxiella burnetii - Gewebetransplantation

Zusammenfassung

Aufstrebende Infektionskrankheiten kénnen die Sicher-
heit von Geweben fiir Transplantationen kompromittie-
ren. Ein aktueller Ausbruch von Q-Fieber in den Nieder-
landen, eine durch das Bakterium Coxiella burnetii ver-
ursachte Zoonose, hat die niederlandischen Gewebe-
banken gezwungen, das Risiko einer Ubertragung von
Q-Fieber durch Gewebetransplantation zu beurteilen, um
eine optimale Sicherheit zu gewahrleisten. Methoden:
Dieser Artikel beschreibt den systematischen Ansatz,
welcher in den Niederlanden angewendet wurde. Dieser
Ansatz beinhaltet eine Uberpriifung der Literatur, eine
qualitative Risikobewertung, die Sammlung von Exper-
tenmeinungen sowie Untersuchungen spezifischer Stra-
tegien, welche helfen konnen, die Balance zwischen Ge-
webesicherheit und Verfligbarkeit aufrechtzuerhalten.
Ergebnisse: Dies flihrte zu einer spezifischen Richtlinie
zur Auswahl des Spenders sowie zur Entwicklung wei-
terer Forschungsansatze, um Liicken im Wissen Uber
das Q-Fieber in der Gewebetransplantation zu fillen.
Schlussfolgerung: Die Strategie, die in diesem Artikel be-
schrieben wird, kann nutzlich sein fiur die Gewebebanken
in Hinblick auf ahnliche Ausbriiche von Infektionskrank-
heiten sowie fur die Entwicklung zukinftiger Richtlinien
oder Assessment-Strategien.
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Introduction

In the Netherlands, Q fever has been a notifiable disease since
1978. Until 2006 the average annual number of reported cases
was 17 [1]. In 2007 an increased number of 168 patient cases
was reported in a specific region of the Netherlands [2]. In the
next 2 years the number of reported patients increased up to
1,000 and 2,354 [3], which ranks the outbreak as the largest Q
fever epidemic recorded to date.

Q fever is a zoonosis caused by infection with the bacte-
rium Coxiella burnetii, which is present in a wide range of
domesticated and wild animals. The human disease is mostly
associated with goats and sheep. In those animals, Q fever can
cause abortions, leading to the introduction of large amounts
of C. burnetii in the environment. In the affected area of the
Netherlands, there is a large density of dairy goats, of which a
number tested positive for Q fever. In order to control the
epidemic, the government took several measures. All infected
pregnant goats and lambs were slaughtered in late 2009, and
healthy animals were vaccinated. Furthermore, there was in-
creased surveillance and a large campaign to increase aware-
ness among the public. In 2010 and 2011, the number of re-
ported cased decreased to 67 in the first half of 2011 [3]. Al-
though the rate is still higher than before the start of the
epidemic (possibly due to increased awareness), the worst of
the epidemic seems to have passed.

The aim of tissue donation is to provide tissues with opti-
mal safety to recipients who need them. With the Q fever out-
break in the Netherlands, the tissue establishments operating
in the Netherlands were suddenly confronted with an emerg-
ing infectious disease that might compromise the safety for
the recipients of tissue transplants. Therefore, the risk of Q
fever transmission through tissue transplantation needed to
be assessed in order to be able to determine which control
measures might be useful or required.

There is no consensus on how to assess the risk of emerg-
ing infectious diseases on the safety of tissue transplantation.
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Quantitative risk assessment models, as they are frequently
used in the pharmaceutical industry and in hospitals [4], are
difficult to use for tissue transplantation because it is hard to
incorporate all aspects of tissue transplantation into a single
model. It would be valuable to develop a quantitative risk as-
sessment model specifically dedicated to assessing risks asso-
ciated with emerging diseases for tissue transplantation, but
thus far, to our knowledge, no such model has been devel-
oped although it is a subject of ongoing investigations espe-
cially in transfusion medicine [5]. Therefore, qualitative risk
assessment is the best available instrument for this assess-
ment. The European Center for Disease Control used a quali-
tative model to assess the risk of transmission of Q fever
through blood transfusion [6]. In the current assessment a
similar and systematic approach is taken to assess the risks for
transmission of Q fever through tissue transplantation and to
develop specific strategies, if they are considered necessary,
that can help to maintain the balance between safety for tis-
sue recipients and availability of tissues for transplantation.

The steps that were taken in this systematic approach are:

— A review of the literature in order to investigate various
aspects of Q fever, including pathogenesis, transmission
pathways, and clinical signs. Furthermore, it was investi-
gated whether transmission of Q fever through tissue trans-
plantation is theoretically possible and whether it has been
reported in the literature.

— A risk assessment for the risk of transmission of C. burnetii
through transplantation of the various tissues.

— Collection of expert opinions.

— An investigation of possible measures that could be taken
to reduce the risk of transmission of Q fever through tissue
transplantation and thus to optimize the safety of tissue
transplant recipients. This included evaluation of testing
possibilities, including possibilities for testing of post mor-
tem obtained blood. Furthermore, background information
was gathered for development of an optimal donor selec-
tion and testing strategy
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Fig 1. Schematic presentation of the course of
C. burnetii immune response and DNA during
acute and chronic Q fever.
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Q fever is a zoonosis caused by the obligate intracellular
bacterium C. burnetii. Cattle, sheep, and goats are the primary
animal reservoir, but the causative agent has also been noted
in other animal species. Infected goats and sheep may abort,
mainly in late pregnancy. The bacterium is shed in urine,
feces, milk, and in especially high concentrations in placentas
and birth fluids of infected animals. Spores are highly resist-
ant to physical and chemical influences, including disinfect-
ants, and can survive up to 40 months in the environment.
Bacteria are transmitted to humans mainly through the aero-
sol route, but transmission through contaminated food and
tick bites has been described [3]. In the Netherlands, there are
no indications that ticks form a relevant reservoir, and even
after the outbreaks the prevalence of C. burnetii in ticks re-
mains low [7].

Most acute C. burnetii infections pass asymptomatic (ap-
proximately 60%), but mild flu-like illness or severe disease
with pneumonia, hepatitis, meningitis, meningo-encephalitis,
pericarditis, myocarditis, rash, pancreatitis, orchitis, neuritis
optica, or osteoarticular infection may occur after an incuba-
tion period of usually 1-3 weeks, depending on the inocula-
tion dose [8]. It has been suggested that the clinical presenta-
tion may depend on the mode of transmission, with pneumo-
nia developing after aerogenic transmission and granuloma-
tous hepatitis after ingestion of high doses of bacteria [8].
After acute infection some patients develop a post-Q fever
chronic fatigue syndrome. Current data suggest that 1.5-2%
of patients develop chronic Q fever, most often persons with
underlying cardiovascular disease, e.g. those with heart valve
disease or aortic aneurysms, or immunocompromised indi-
viduals, such as pregnant women and organ transplant re-
cipients [6, 8, 9]. Chronic Q fever most often presents as endo-
carditis or currently in the Netherlands also as vascular infec-
tions or colonization of vascular grafts [8-11]. Less frequently
osteoarticular infections, chronic hepatitis and pericarditis
occur. Estimates of the case fatality rate for chronic Q fever
vary from 5 to 50%, depending on clinical manifestations and
treatment options [12].

C. burnetii infection can be detected in blood samples by
PCR or serological testing. During acute Q fever, PCR tests
on blood are usually positive from around the start of the clin-
ical symptoms, and the presence of C. burnetii can also be
demonstrated in urine and several other tissues. No data are
available for the period prior to the symptomatic phase. How-
ever, 3/1,000 blood donations from donors from the high-
incidence area in the Netherlands in 2009 were PCR positive.
Since blood is only donated by donors who appear healthy at
the time of donation, this shows that C. burnetii DNA can be
present during asymptomatic infection or prior to developing
symptoms [13]. After seroconversion, which is usually 7-15

Q Fever and Tissue Banking

days after onset of clinical symptoms, DNA becomes undetec-
table and antibodies against phase 1 and phase 2 appear in the
blood. These can be detected by immunofluorescence assays
(IFAs), enzyme-linked immunosorbent assays (ELISA), or
complement binding reaction (CBR) assays. In 90% of the
cases antibodies are detectable by the 3rd week [8]. In figure 1
the ‘normal’ course of the various parameters that could be
checked for are presented, as far as they are clear from the
literature. IgM antibodies usually disappear months after the
primary infection. IgG antibodies against phase 1 are usually
low to absent months after the primary infection, but can
reappear or persist in chronic infection when titers usually
increase. IgG antibodies against phase II usually persist quite
long after infection and may even persist lifelong [14]. Chronic
Q fever is serologically often characterized by the presence of
increased levels of anti-phase I antibodies [8, 15].

C. burnetii is an obligatory intracellular bacterium that is
difficult to isolate and requires special techniques for cultur-
ing, which are not very sensitive [16]. Because of its high in-
fectiousness and the fact that many laboratory-acquired cases
have been described, culturing of these bacteria may only be
done in biosafety level 3 laboratories [8]. Culture techniques
using axenic medium, as they are usually employed in tissue
banking do not detect presence of C. burnetii [8]. Therefore,
the possibility of Q fever is usually assessed by serology or
molecular diagnostics on blood or tissues.

After primary infection in symptomatic patients, there is
usually spontaneous recovery within 1-2 weeks. Acute Q
fever can be treated with doxycyclin 2-3 weeks. For chronic Q
fever long-term treatment is required, preferably with doxy-
cyclin and hydroxychloroquine for a period of approximately
1.5 years [12].

Q Fever Transmission through Tissue Transplantation

In the literature, no C. burnetii transmission through tissue
transplantation has been described. Single cases of likely
transmission through blood transfusion [17] and possible
transmission by bone marrow transplantation to an immuno-
compromised recipient [18] were reported. Transmission
through transplantation (liver, thymus, and lymph nodes) in
animals has been shown [19].

During the acute phase of infection, infectious C. burnetii
is detectable in blood, bone marrow, urine, kidneys, placen-
tas, and several other tissues [20, 21]. After the acute phase,
bacteria are usually not detectable in the blood, but it has
been shown that they can persist a long time in monocytes,
bone marrow, spleen, prostate, and liver, but may also per-
sist in other tissues [22]. In one case C. burnetii DNA and
antigen could be demonstrated in spleen and prostate of a
patient 71 years after primary infection although there were
no serological signs of chronic infection [23]. In patients with
chronic Q fever, C. burnetii antigen has been shown in heart
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valves, vascular tissues and aneurysms, semen, lung, bone
marrow, and liver [8, 14, 22-27]. In all tested heart valves of
5 endocarditis patients with chronic Q fever, C. burnetii
DNA was detected [24]; in the aortic valve of one patient
with chronic Q fever, infectious C. burnetii was present in a
higher concentrations than in other tissues (spleen and lung)
[28]. It is uncertain whether the demonstrable DNA after
primary infection is associated with viable bacteria. Viable
C. burnetii could not be detected in bone marrow samples
long after primary infection although C. burnetii DNA was
present in the bone marrow [24]. In contrast, viable bacteria
have been cultured from bone marrow [14], cardiac valves
[16], vascular grafts, and aneurysms [29] from patients with
chronic Q fever.

Risk Assessment for the Risk of Transmission of
C. burnetii through Transplantation of Various
Tissues

Factors that could be relevant for determining the risk of
transmission of C. burnetii through tissue transplantation
were analyzed. The following factors are considered to be of
importance: the incidence and prevalence of Q fever in the
donor population, the type of tissue, whether pathogens can
be present in the tissue, detectability of infection in donor
and/or tissue, inactivation of C. burnetii during storage and/or
processing, transmissibility, recipients, severity of the disease
in recipients, and treatment options. Since the prevalence of
Q fever in the donor population is probably equal for all tis-
sue donors this factor was analyzed first. Subsequently, sepa-
rate qualitative assessments were made for various tissues,
because for each type of tissue there are major differences in
tissue characteristics, storage and processing techniques,
transmissibility and recipients.

The Prevalence of Q Fever in the Donor Population

The seroprevalence of Q fever in the Dutch population prior
to the large outbreaks was reported to be 2.4% [30]. In people
with occupational hazard, e.g. farmers and veterinarians, the
prevalence is higher [3]. In a recent study by the National
Blood Services (Sanquin) during the Q fever outbreak in the
Netherlands, the seroprevalence of previous infection among
healthy blood donors from the highest incidence area was
12.2% at the end of 2009. The seroprevalence of C. burnetii
infection in the Dutch donor population shows large regional
variations, making it difficult to estimate an average. The high
seroprevalence of 12.2% was measured in a small area with
86,000 inhabitants. Although no data from large-scale studies
performed after the outbreaks are available, a pilot study
showed that the seroprevalence among blood donors outside
the affected area is still low [13]. Thus, the seroprevalence can
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be estimated between 2.4 and 12.2%, depending on the expo-
sure level which mostly depends on residency. The prevalence
of C. burnetii DNA in blood, a measure of acute Q fever, was
0.3% in the highest incidence area in the Netherlands in the
summer of 2009 [13].

Tissue-Specific Considerations

Cornea

Corneas are avascular. Thus, during acute Q fever, when bac-
teria may be present in the blood, they are not expected to be
present in the cornea. This is substantiated by the fact that
during acute infection usually no ocular symptoms occur.
Optic neuritis, uveitis, and one case of choroidal neovasculari-
zation have been described to occur in sporadic cases during
the course of Q fever [31-34]. The presence of pathogens in
the eye, however, has never been shown, and it is suspected
that the ocular symptoms are due to inflammatory responses,
not due to infective bacteria [32, 33].

The banking procedure of corneas usually includes micro-
biological assessment of the corneas or medium. However,
detection of C. burnetii is not expected with the culture tech-
niques that tissue banks usually employ. After a rinsing pro-
cedure and quality assessment, corneas are usually stored for
a few days up to weeks in tissue culture medium. As men-
tioned before, it is not likely that C. burnetii is present in cor-
neas. However, in case the tissue is infected, rinsing is not
expected to affect the load as the bacteria are intracellular.
Antibiotics present in the storage medium are not expected
to affect C. burnetii as this bacterium requires a specific anti-
biotic regime [35] with extended exposure. Since C. burnetii
is quite resistant to chemical and environmental factors, it is
not expected that inactivation during processing or storage
occurs.

C. burnetii is a virulent species. Inhalation of one or few
bacteria has been shown to be sufficient for infection [36], and
although other routes of infection are more efficient, intra-
peritoneal injection or transplantation of tissues causes infec-
tions in mice and guinea pigs [19, 37, 38]. Thus, it can be ex-
pected, at least theoretically, that presence of viable bacteria
in a transplanted cornea could lead to infection of recipients.
Although sometimes local immunosuppressants are given
after cornea transplantation, cornea recipients are usually
immunocompetent. Thus, they do not have an increased risk
of a complicated disease course with chronic Q fever. Treat-
ment of detected disease could be done with the current
advised regime and is expected to be successful, similar to
treatment in the general population.

Skin

Skin is well vascularized and contains monocytes [39]. There
are indications that C. burnetii DNA can persist in blood
mononuclear cells in patients with post-Q fever chronic
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fatigue syndrome [22]. Therefore, it can be argued that bac-
teria may be present in donor skin for transplantation. This
hypothesis is strengthened by the maculopapular or diffuse
punctiform pruritic rash that have been described to occur in
acute Q fever in 5-21% of the patients [8, 40—-42] and by the
culture of C. burnetii in a patient who had skin symptoms
from a skin biopsy as well as from the blood [16].

During the processing and storage process at the bank,
microbiological assessment of the cutaneous tissues is done.
Since this concerns axenic cultures, it is not expected to detect
C. burnetii. Skin for transplantation can be stored using differ-
ent methods; usually glycerol or cryopreservant is used. The
effect of glycerol on C. burnetii viability has not been investi-
gated. However, some spore-forming bacteria are not affected
by glycerol [43, 44] and, thus, C. burnetii, which also has a
form of sporulation, may not be affected by storage in glyc-
erol. On the other hand, by treatment of donor skin with
glycerol, cells are rendered non-viable [38, 45]; thus intracel-
lular C. burnetii may be rendered harmless. Cryopreservation
of skin is not expected to have an effect on the viability of
C. burnetii in cutaneous tissues. Irradiation of cryopreserved
skin has been shown to have a sterilizing effect on donor skin
although the effect of irradiation on C. burnetii has not been
tested specifically [46]. Thus, during processing and storage of
cutaneous tissues, C. burnetii infection would probably not be
detected, and whether it will be affected by it is insufficiently
known. Because of the virulence of C. burnetii [36], presence
of viable bacteria in cutaneous tissue, can be expected to be
transmitted to recipients. However, most skin grafts are not
used as implantate, but as a temporary wound dressing,
thereby decreasing the chance of disease transmission. Recipi-
ents of cutaneous transplants are usually immunocompetent
although due to extensive burns they may become relatively
immunodeficient and thus may become increasingly suscepti-
ble for a complicated disease course. Treatment of transmit-
ted disease could be done with the treatment protocol used in
the general population, and a similar outcome could be
expected.

Heart Valves and Vascular Tissue

Cardiovascular tissues are one of the target tissues of Q fever.
During acute Q fever, pericarditis and myocarditis occur in
0.5-1% and 1% of patients, respectively [8], while in chronic
Q fever endocarditis or, as currently in the Netherlands, also
vascular infections or colonization of vascular grafts are the
major clinical presentations [8-11, 25, 47]. Thus, it is likely
that during the acute phase of the infection as well as in
chronic Q fever C. burnetii is present in cardiovascular tissues
as they are used for transplantation. The presence of C. bur-
netii in heart valves and vascular tissues and aneurysms has
been shown in patients with chronic Q fever [8, 24, 25, 28, 48],
and viable bacteria have been cultured in patients with
chronic Q fever from cardiac valves [16], vascular grafts, and
aneurysms [29].

Q Fever and Tissue Banking

Q fever endocarditis usually involves the aortic and the
mitral valve or prosthetic valves. The typical vegetation is
small, and in only 12% of patients the vegetation is visible
with ultrasound. Thus, these case of vegetation are probably
difficult to recognize at assessment of the valves for suitabil-
ity for transplantation by the bank technicians. If after mor-
phological assessment cardiovascular grafts are approved for
further processing, microbiological assessment is done. How-
ever, since axenic cultures are used, these are not expected
to detect C. burnetii infection. Before release of cardio-
vascular products for transplantation, histopathological ex-
amination of the remnants of the heart is usually performed
[49]. However, since the histological findings in Q fever
endocarditis are nonspecific and bacterial vegetations are
small or nonexistent, abnormalities may be missed at sam-
pling or at examination [8].

Heart valves and other cardiovascular transplants are usu-
ally stored by cryopreservation. Antibiotic decontamination is
performed before cryopreservation of the valves [50]. How-
ever, the used incubation time is usually short (6-24 h), and
the most common antibiotic regimes are not expected to have
a bactericidal effect on C. burnetii in such a short period.
Cryopreservation is not expected to have an effect on the via-
bility of C. burnetii. Irradiation is not commonly used for
sterilization of heart valves for transplantation because of its
potential damaging effect [51]. Decellularization of grafts, as
is currently being investigated, may, by compromising cell
viability, also affect C. burnetii viability [52].

If infected regular valves or vascular tissues are trans-
planted, transmission of infection seems likely, in particular if
the transplanted tissue contains bacterial vegetations. Recipi-
ents of homografts are by definition at high risk for chronic Q
fever as they have valve disease. Mortality from Q fever endo-
carditis is less than 10% when the appropriate antibiotic re-
gime is administered, but treatment is long (>1.5 years), and
there is a high relapse rate (>50%) after withdrawal of the an-
tibiotics [8]. Furthermore, surgical removal of the infected
valve is no guarantee for cure [8], instead it puts recipients at
increased risk because of the need for additional major
surgery.

Musculoskeletal Tissues

Osteoarticular infection has been reported to occur in C.
burnetii infection. It mainly presents as osteomyelitis or oste-
oarthritis and occurs especially in children suffering from
coxitis or spondylodiscitis or in adults who are immunocom-
promised or have a joint prosthesis [8]. During the acute
phase of infection, infectious viable C. burnetii has been
detected in bone marrow [16, 20, 21]. After acute Q fever,
C. burnetii DNA can still be detected in bone marrow, but
culturing C. burnetii was not possible [24]. In patients with
chronic Q fever, C. burnetii DNA and antigen have been
shown in bone marrow, and viable C. burnetii has been iso-
lated [8, 14, 22, 24]. Cultures taken of bones or tendons re-
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trieved are not expected to be effective in showing C. bur-
netii infection as axenic culturing techniques are used in tis-
sue banking. If fresh frozen or freeze dried grafts are the in-
tended products of cryopreservation, there is no inactivating
effect to be expected of processing. However, there are sev-
eral possibilities for processing of musculoskeletal tissues
that are expected to affect C. burnetii viability. Sterilization
by irradiation, peracetic acid treatment or other terminal
sterilization, or decellularization techniques may inactivate
C. burnetii. Peracetic acid treatment has been demonstrated
to be effective for several spore-forming bacteria [53] and
may therefore also affect C. burnetii viability.

If viable bacteria are present in bone, bone marrow, or
tendons, they could be transmissible to recipients. Recipients
of bone products are mainly immunocompetent individuals
although there are oncologic indications for bone transplanta-
tions which may involve recipients with a suboptimal immune
status. As osteoarticular infections occur during chronic Q
fever, it seems plausible that recipients of musculoskeletal
grafts may develop chronic Q fever. This would require ex-
tended antibiotic treatment and might also require surgical
treatment, thus putting recipients of infected grafts at in-
creased risk.

Expert Opinion

During the Q fever outbreak in the Netherlands the National
Institute for Public Health and the Environment (RIVM) was
coordinating the information gathering. The epidemic was
focused in the southern part of the Netherlands. In this area,
major risk factors were occupational hazards, especially in
farmers and veterinarians as well as in their families. In addi-
tion, persons living within a 5 km radius from a farm with an
increased abortion rate due to Q fever are considered to be at
risk [54]. The number of reported Q fever cases was moni-
tored closely and made publicly available. Furthermore, con-
sensus group meetings were held in which experts from vari-
ous fields (microbiologists, clinicians, and public health spe-
cialists) discussed optimal diagnostic algorithms for Q fever
[55]. Because of their expertise they also advised the tissue
donation field to investigate possibilities for additional test-
ing. The Food and Consumer Product Safety Authority
(VWA) reported the postal codes of farms with known C.
burnetii infection (as determined by tank milk monitoring or
increased abortion rates). Together with the Department of
Infection Diagnostics Services of the National Blood Service
(Sanquin), which performs the blood screening tests for tissue
donors in the Netherlands, possibilities were investigated for
diagnostic testing of tissue donors, including validation of
ELISA tests for blood obtained post mortem. An advice of
the Dutch Health Council on how to handle the risk of Q
fever in tissues and cells for transplantation is expected in the
second half of 2011.
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Additional Measures to Prevent Q Fever Transmission
through Tissue Transplantation in the Netherlands

Donor Selection Measures

During the progression of the epidemic in the Netherlands,
additional control measures were implemented in the Nether-
lands to reduce the risk of transmitting C. burnetii through tis-
sue transplantation. This included exclusion of donors with
occupational hazard (especially farmers and veterinarians and
their families) and increased information gathering and addi-
tional risk assessment of donors with increased risk of acute
or chronic Q fever, based on geographical risk factors (e.g. liv-
ing within a 5 km radius of a (previously) infected farm or in
an area with a high prevalence of Q fever cases) and on clini-
cal presentation (e.g. pneumonia, ruptured aneurysm) and
medical history. Furthermore, the possibility for serological
testing was investigated as well as processing strategies that
can render the bacteria harmless.

Blood Testing

Based on the results of the risk assessment and the advice of
the expert group, assembled by the RIVM, a pilot study was
performed to investigate the possibility of serological testing
for infection with C. burnetii. Figure 1 shows potential tar-
gets for detection of C. burnetii infection in blood. The ear-
liest possible detection of infection with C. burnetii can be
done by PCR testing as mentioned previously. Disadvan-
tage of PCR testing on blood obtained post mortem is that
DNA is likely to be unstable in post mortem blood and can
thereby cause false-negativity. Furthermore, not all chronic
patients are PCR-positive and, thus, it is not a good marker
for chronic infection. As presented earlier, 7-15 days after
the start of the symptoms serologic conversion occurs, with
various IgM and IgG antibodies against phase I and II of C.
burnetii appearing [56]. Serologic testing has the advantage
that also past infections with C. burnetii can be detected.
IgM antibody testing could detect recent infections (months
old), but IgG phase II antibodies seems to be the marker
of choice to test for if older infections also need to be
detected.

There are several commercially available, CE marked test
kits available that use different detection techniques to detect
IgG phase II antibodies against C. burnetii. IFA tests are by
many considered the standard test of choice [8, 55]. However,
IFAs are not very practical for screening purposes; they are
more prone to interobserver variability and tend to give more
false-positive results than ELISAs when used on post mor-
tem blood. CBR and especially ELISA tests are frequently
used on post mortem blood without major problems. IgM
antibody screening with ELISA (Serion/Virion, Clindia
Benelux, Leusden, the Netherlands) resulted in a high false-
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positivity rate in blood samples of living patients [55] and can
only detect recent infections; therefore, a pilot study was
done to investigate the usability of IgG phase I and II testing
on post mortem blood. For this test 49 consecutive donors
were tested for the presence of IgG phase I or II with a CE
marked ELISA (Serion/Virion). Furthermore, spiking exper-
iments were done, in which 20 donor samples obtained post
mortem were spiked with serum from phase I and II IgG-pos-
itive samples and then tested. In the pilot study 49 donors
were included with a mean age of 62.7 + 13.1 years. 51% of
the donors were males and the donated tissues were corneas
(77.6%), skin (24.5%), heart valves (10.2%), and muscu-
loskeletal tissues (10.2%). Eight of the donors lived within a
5 km radius of an infected farm. One donor had a previous
pneumonia, which could have been Q fever-related. 48 of the
49 donors tested phase I and II IgG-negative, while 1 donor
tested phase II IgG-positive and phase I IgG borderline posi-
tive. This could be confirmed with a commercial IFA test for
both phase I and II IgG. PCR testing for the presence of
C. burnetii DNA in the heart and heart valves was negative.
Thus, this donor, who lived within a 5 km radius of an in-
fected farm, might have gone through a past infection with
C. burnetii.

At spiking experiments phase I and II IgG could be de-
tected normally in all 20 spiked samples; so there was no sig-
nificant signal inhibition in the post mortem blood samples.

Thus, in this limited validation the tested phase I and II
IgG ELISA tests displayed good (expected) sensitivity and
specificity for detection of past C. burnetii infection, and it
was concluded that phase II IgG ELISA is usable for detec-
tion of past C. burnetii infection in blood obtained post mor-
tem. Based on the results of this pilot study, a larger study was
designed to investigate the use of serological testing for past
infection with C. burnetii in tissue donors and to gather addi-
tional information about the prevalence of past C. burnetii
infection in Dutch tissue donors and their specific epidemio-
logical and clinical risk factors.
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