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SUMMARY

The aim of this study was to describe specific histological findings of the Coxiella

burnetii-infected aneurysmal abdominal aortic wall. Tissue samples of the aneurys-

mal abdominal aortic wall from seven patients with chronic Q fever and 15 patients

without evidence of Q fever infection were analysed and compared. Chronic Q fever

was diagnosed using serology and tissue PCR analysis. Histological sections were

stained using haematoxylin and eosin staining, Elastica van Gieson staining and

immunohistochemical staining for macrophages (CD68), T lymphocytes (CD3), T

lymphocyte subsets (CD4 and CD8) and B lymphocytes (CD20). Samples were

scored by one pathologist, blinded for Q fever status, using a standard score form.

Seven tissue samples from patients with chronic Q fever and 15 tissue samples from

patients without Q fever were collected. Four of seven chronic Q fever samples

showed a necrotizing granulomatous response of the vascular wall, which was char-

acterized by necrotic core of the arteriosclerotic plaque (P = 0.005) and a presence

of high numbers of macrophages in the adventitia (P = 0.007) distributed in typical

palisading formation (P = 0.005) and surrounded by the presence of high numbers

of T lymphocytes located diffusely in media and adventitia. Necrotizing granulomas

are a histological finding in the C. burnetii-infected aneurysmal abdominal aortic

wall. Chronic Q fever should be included in the list of infectious diseases with necro-

tizing granulomatous response, such as tuberculosis, cat scratch disease and syphilis.
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Q fever is a worldwide zoonotic disease caused by Coxiella

burnetii, a Gram-negative and aerobic bacterium, which

causes an intracellular infection in monocytes and macro-

phages (Waag 2007). The bacterium is highly infectious,

and humans can be infected by inhalation. Most acute infec-

tions are asymptomatic (60%; Maurin & Raoult 1999).

Symptomatic patients present with a mild influenza-like ill-

ness, atypical pneumonia or hepatitis. Chronic Q fever may

develop several months to years after the acute infection

(Fenollar et al. 2004; Maurin and Raoult 1999). Patients

with a history of cardiac valve surgery, an aneurysm, vascu-

lar reconstruction, increasing age and renal insufficiency are

at greater risk of developing chronic Q fever (Kampschreur

et al. 2012a). Generally, the main clinical manifestation of

chronic Q fever is Q fever endocarditis and, in less extent,

infection of a vascular graft or aneurysm (vascular chronic

Q fever; Parker et al. 2006). Patients with vascular chronic

Q fever have a pre-existing aneurysm and/or graft, in which

C. burnetii inhabits in macrophages and monocytes in the

arteriosclerotic plaque, thrombus or vascular wall, causing a

secondary infection of the aneurysm or graft (Waag 2007).

From 2007 to 2010, the Netherlands were confronted with

a large Q fever outbreak with over 4000 notified acute Q

fever cases. In the Dutch cohort, after primary infection, pro-

gression to vascular chronic Q fever in patients with an

abdominal aortic aneurysm was high, 30.8% compared with

7.8% progression to Q fever endocarditis in patients with a

history of cardiac valve surgery (Kampschreur et al. 2012b;
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Hagenaars 2014). Patients with vascular chronic Q fever can

present with a life-threatening acute complication, such as a

symptomatic aneurysm, ruptured aneurysm, mycotic aneu-

rysm, aorto-duodenal fistula or aorto-caval fistula. High mor-

bidity and a mortality rate of up to 25–60% have been

described in patients with a mycotic aneurysm due to C. bur-

netii (Botelho-Nevers et al. 2007).

Diagnosing chronic Q fever is challenging. During primary

infection with C. burnetii, IgM and IgG against phase II anti-

gens are first expressed, followed by IgM and IgG against

phase I antigens. In chronic infection, IgG against phase I

antigens (IgG phase I) is predominant and their level

increases and persists over the course of infection (van der

Hoek et al. 2011). The diagnosis chronic Q fever can be

achieved through detection of C. burnetii in blood or tissue

by polymerase chain reaction (PCR) or culture (Schneeberger

et al. 2010). The Dutch Q fever Consensus Group developed

a guideline in which the certainty of having chronic Q fever

is based on a combination of multiple diagnostic tests, such

as serology, PCR, culture, as well as histology, clinical

parameters and imaging studies (Wegdam-Blans et al. 2012).

Histology plays a minor role in the Dutch consensus

guideline for diagnosis of chronic Q fever. In cases where

the serology demonstrates an IgG phase I titre of 1:1024

and tissue shows a granulomatous response, the patient is

categorized as having probable chronic Q fever (Wegdam-

Blans et al. 2012). Histological examinations into Q fever

were previously performed on cardiac valves, bone marrow,

lung, spleen, placenta, liver, heart and kidney tissues from

patients and animals (Lepidi et al. 2003; Wouda & Derck-

sen 2007; Hansen et al. 2011; Norina et al. 2011; Szablew-

ski et al. 2012). Characteristic features of an acute infection

with C. burnetii are granulomatous lesions containing

doughnut cells, infiltration with mononuclear cells, neu-

trophils, eosinophils, lymphocytes and macrophages, pres-

ence of histiocytes, focal necrosis, haemorrhages, giant cells

and plasma cells (Janigan & Marrie 1983; Lepidi et al.

2003; Wouda & Dercksen 2007; Hansen et al. 2011; Nori-

na et al. 2011; Szablewski et al. 2012). Lepidi et al. (2003)

demonstrated that valve tissue damaged by Q fever infection

is localized in different parts of the valve, showing mononu-

clear cell inflammatory infiltrates with lymphocytes and

macrophages. The lesions are small and discrete, so can even

be confused with degenerative changes or could unintention-

ally be missed (Turck et al. 1976; Lepidi et al. 2003).

To date, comparison of the histology of the vascular wall

in aneurysmal patients with or without chronic Q fever has

not been described. Therefore, the aim of this study is to

investigate specific histological findings of the C. burnetii-

infected aneurysmal vascular wall.

Materials and methods

Tissue samples

From November 2011 until November 2012, tissue of the

aneurysmal abdominal aortic wall was prospectively collected

from patients operated on for an aneurysm correction by elec-

tive surgery or emergent surgery. Informed consent was

signed by both patient and surgeon. Before the operation,

serum was tested for the presence or absence of C. burnetii

antibodies. Following surgery, aneurysmal wall tissue was

tested using PCR for C. burnetii DNA. Patients with a sero-

logical profile indicative of chronic Q fever (IgG phase I of

1:1024 or higher; sensitivity of the test is 97.8%) and a posi-

tive tissue PCR (specificity of PCR is 100%) were included in

the positive study group (Wegdam-Blans et al. 2012), while

patients with a negative serological profile and negative tissue

PCR comprised the control group (Huijsmans et al. 2010). In

addition, patients with proven chronic Q fever operated

before November 2011 of whom PCR-positive tissue had

been stored were added to the positive study group. In these

cases, informed consent was retrospectively obtained. The

institutional review board of the Jeroen Bosch Hospital had

approved the study.

Microbiological analysis

Sera were tested for C. burnetii antibodies using immunoflu-

orescence assay (IFA; Focus Diagnostics, Inc., Cypress, CA,

USA), assessing the presence of IgM and IgG phase I and II

antibodies. Tissue was tested by PCR for the presence of

C. burnetii DNA. The NucliSens EasyMAG extraction sys-

tem (bioMerieux, Boxtel, the Netherlands) was used for

extraction of DNA after proteinase K digestion of paraffin

sections of fresh biopsies. PCR was performed as previously

described (Huijsmans et al. 2010, 2011; Schneeberger et al.

2010).

Routine bacteriologic cultures were performed on all tis-

sues to rule out infection by other bacteria. Additionally,

Ziehl-Neelsen staining, Grocott staining and PCR for Barto-

nella henselae DNA (cat scratch disease) were performed on

aneurysmal wall tissue of patients in the positive study

group to rule out infection by other organisms causative of

a necrotizing granulomatous response (Diederen et al.

2007). A serologic test for Treponema pallidum antibodies

was performed to rule out syphilis.

Pathological analysis

Tissues were fixed in 0.01 M buffered (0.005 M disodium

hydrogen phosphate anhydrous and 0.005 M sodium dihy-

drogen phosphate dihydrate, pH 7.0) 10% formalin and

processed for paraffin embedding using a Tissue-Tek VIP 5

(Sakura, Torrance, CA, USA). The dehydration programme

consisted of 14 steps of 1 h under continuous agitation,

pressure, vacuum and heating. At 40 °C, two 10% formalin

steps were followed by one 70% (v/v) ethanol step, two

96% ethanol steps, three 100% ethanol steps and two

100% xylene steps. Paraffin embedding was carried out at

60 °C in four 100% paraffin steps.

Three micromolar thick sections were cut from each for-

malin-fixed paraffin-embedded tissue and mounted on glass

slides. One was used for haematoxylin and eosin (HE)
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staining, one for Elastic van Giesson staining (EvG), and

five for immunohistochemistry using the markers CD3,

CD4, CD8, CD20 and CD68.

For HE staining, Tissue-Tek PRISMA (Sakura Fineteck

Holland BV, Alphen aan de Rijn, the Netherlands) was

used. Sections were deparaffinized and re-hydrated again.

The sections were stained for 8 min in a haematoxylin solu-

tion. After washing and bluing in ammonia water, the coun-

terstain of eosin–phloxine B solution was used for 30–60 s.

Afterwards, the slides were dehydrated and covered with

film using Tissue-Tek FILM. (Sakura Fineteck Holland BV).

Elastic van Giesson staining was performed using VEN-

TANA NEXUS special stains (Roche Diagnostics GmbH,

Woerden, the Netherlands), according to the manufacturers’

protocol.

For immunological staining, the following monoclonal

markers were used: CD3 for T lymphocytes; (T lymphocytes

were differentiated into T-helper cells and cytotoxic T cells

using CD4 and CD8 staining respectively; CD20 for B lym-

phocytes; and CD68 for macrophages (Roche Diagnostics

GmbH). The slides were placed in an oven at 60 °C for 15–
30 min, to melt the paraffin. Next, the slides were put in an

automated machine for immunological staining (Ventana

Benchmark XT; Roche Diagnostics GmbH). Liquid cover

slip was used to prevent dehydration. Cell conditioning CC1

was used to increase antibody accessibility. A biotine-

labelled secondary antibody which detected the primary

antibody was added. Next, streptavidin (horseradish conju-

gated) was added, followed by the substrate di-aminobenzi-

dine, which bind together and form an insoluble brown

reaction product. Because of the reported possibility of sam-

pling error (Lepidi et al. 2003), two tissue samples of each

patient were processed and examined. Within the same

staining session, we conducted a negative control sample

and a positive control sample.

Microscopic examination and grading was performed by

one pathologist blinded for Q fever status. All samples were

examined systematically at a 409 and 1009 magnification

using a standard score form grading morphology and immu-

nological staining. The presence of B lymphocytes, T lym-

phocytes and macrophages in the intima, media and

adventitia was scored in four categories: not present, mild,

moderate and severe. Due to the low number of patients,

we combined 0not present0 with 0mildly present0 and 0moder-

ately present0 with 0severely’ present. The presence of T lym-

phocytes was differentiated into T-helper cells (CD4) and

cytotoxic T cells (CD8). Ratios of presence (CD4/CD3 and

CD8/CD3) were calculated. The localization of B lympho-

cytes, T lymphocytes and macrophages in the intima, media

and adventitia of the vascular wall was scored in one of the

four following categories: not present, diffuse, focal or

granulomatous response.

Statistical analyses

Differences between two groups were calculated in SPSS 18.0

(SPSS Inc., Chicago, IL, USA), using the Fisher’s exact test

in case of categorical data. P-values < 0.05 were considered

statistically significant.

Results

A total of 22 aneurysmal patients were included in this

study, seven patients with chronic Q fever and 15 patients

without serological evidence of Q fever infection. Serology

for C. burnetii showed IgG phase I of 1:1024 or higher in

all seven patients in the positive study group. The C. burnet-

ii real-time PCR analyses of the tissues of the seven chronic

Q fever patients were positive with cycle threshold values of

22.2 � 4.0 (mean � SD; range 18.2–29.0), while the

B. henselae PCR, Ziehl-Neelsen staining and Grocott stain-

ing tested negative on all tissues. Serologic tests for T. palli-

dum antibodies ruled out syphilis in all cases. Baseline

characteristics showed no significant differences in gender,

sex and co-morbidity, see Table 1. The number of acute

complications did not significantly differ between the two

groups.

The morphological features in intima, media and adventi-

tia of the aneurysmal vascular wall of patients in both

groups are summarized in Table 2. Necrotic core of the

arteriosclerotic plaque was present in seven of seven chronic

Q fever patients and in five of 15 Q fever-negative patients

(P = 0.005). In two of seven tissues positive for Q fever, a

giant cell in a necrotizing granuloma was seen (Figure 1),

while this was not observed in any of the 15 Q fever-nega-

tive patients (P = 0.091).

The presence of B lymphocytes, T lymphocytes and mac-

rophages in the intima, media and adventitia of the vascular

wall is demonstrated in Table 3. More macrophages were

present in the adventitia (P = 0.007) of the vascular wall of

Table 1 Baseline characteristics of 22 patients with an

aneurysm. Separately described are baseline characteristics of

chronic Q fever patients and patients negative for Q fever

infection

Patients with

chronic

Q fever N = 7

N (%)

Negative

control

group N = 15

N (%) P-value

Male gender 7 (100) 12 (80) 0.203
Mean age (years) 74 � 12 70 � 12 0.269

Co-morbidity

Diabetes mellitus 0 (0) 2 (13) 0.311
Cerebrovascular

incidents

2 (29) 3 (20) 0.655

Cardiac attacks 2 (29) 5 (33) 0.823

Pulmonary diseases 1 (14) 0 (0) 0.134
Malignancy 1 (14) 3 (20) 0.746

Kidney dysfunction 3 (43) 3 (20) 0.262

Number of acute

aneurysms

4 (57) 4 (27) 0.166

N, number of patients; P-value, calculated probability; definition

acute aneurysm, symptomatic aneurysm, ruptured aneurysm, myco-

tic aneurysm, aorto-duodenal fistula and aorto-caval fistula.
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patients with chronic Q fever, and more T lymphocytes

were present in media (P = 0.021) and adventitia

(P = 0.038) compared with aneurysmal tissue of patients

with a negative Q fever status. Additional T-lymphocyte

analyses revealed a mean ratio of 12% (SD � 6) for cyto-

toxic T cells (CD 8) and a mean ratio of 30% (�28) for T-

helper cells (CD 4) in the vascular wall of patients with

chronic Q fever. Dividing the results for vascular wall with

a necrotizing granulomatous response and without necrotiz-

ing granulomatous response, no significant difference is seen

for the presence of cytotoxic T cells (P = 0.334), but a sig-

nificant difference is seen for the presence of T-helper cells.

The mean CD4 ratio is 4.0 (SD � 1.7) in patients with nec-

rotizing granulomatous response and 56.8 (SD � 20.8)

without a necrotizing granulomatous response (P = 0.024).

The localization of the B lymphocytes, T lymphocytes and

macrophages in the intima, media and adventitia of the vas-

cular wall was scored (Table 4). Differences were observed

in the characteristic line up of palisading macrophages in

the adventitia (Figure 2). Four of seven patients in the posi-

tive study group showed a characteristic necrotizing granu-

lomatous response vs. none of the patients in the control

group (P = 0.005). Secondly, a significant difference was

seen in the distribution of T lymphocytes in the adventitia.

In patients with chronic Q fever infection, a diffuse distribu-

tion of T lymphocytes among the macrophages was present,

compared with a more focal position in the control group

(P-value = 0.031; Figure 3).

Discussion

To date, no studies investigating the histological characteris-

tics of the abdominal aortic aneurysm wall of patients with

chronic Q fever. In this study we have documented these

characteristics and have demonstrated a necrotizing granu-

lomatous response of the vascular wall in more than half of

the examined tissues.

A granulomatous response is an expression of a chronic

infection or immunological reaction. Chronic infections

associated with granulomas are caused by bacteria, such as

Mycobacterium tuberculosis, T. pallidum, B. henselae,

Mycobacterium leprae, Mycobacterium lepromatosis, and are

reported in different fungal diseases, such as histoplasmosis,

cryptococcosis, coccidioidomycosis and blastomycosis (Woo-

dard et al. 1982; Su et al. 1992). Granulomas based on an

immunological response can be seen in rheumatic diseases,

granuloma annulare, Churg Strauss granulomatosis, sarcoido-

sis, Crohn’s disease, berylliosis, IgG 4, Lupus erythematosis

and Wegener’s granulomatosis (Su et al. 1992; Barzilai et al.

2005; Brinster et al. 2009; Deonarain et al. 2009; Trinidad-

Hernandez & Duncan 2012). We show here that chronic Q

fever should be included in the list of diseases that can present

with a necrotizing granulomatous response. The causative

mechanism for the development of granuloma in chronic Q

Table 2 Morphological features, comparing abdominal

aneurysmal wall of patients with chronic Q fever with patients

negative for Q fever infection

Morphological feature

Chronic Q fever+
(N = 7)

N

Q fever�
(N = 15)

N P-value

Intima atheroma 6 11 0.477
Intima calcifications

Not present 0 2 0.474

Mild 3 5
Moderate 3 4

Severe 1 4

Intima fibrosis

Not present 1 1 0.400
Mild 2 6

Moderate 3 5

Severe 1 3

Necrotic core of the
arteriosclerotic plaque

7 5 0.005

(Luminal) trombosis 6 15 0.318

Giant cell 2 0 0.091

Media destruction

Not present 0 0 0.462

Mild 0 2

Moderate 1 3
Severe 6 10

Adventitia inflammation

Not present 0 2 0.262

Mild 2 5
Moderate 3 5

Severe 2 3

Adventitia fibrosis

Not present 0 2 0.101
Mild 0 6

Moderate 2 3

Severe 5 4

Chronic Q fever+, group of patients with chronic Q fever (corre-
sponding serological profile and PCR positive on tissue); Q fever�,

group of patients without Q fever (negative serological profile and

PCR negative on tissue); NS, not significant.

Bold values were significant.

Figure 1 Haematoxylin and eosin staining of the aneurysmal
abdominal aortic wall of a chronic Q fever patient displaying a
giant cell in a necrotizing granuloma.
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fever infection is not yet established. Coxiella burnetii is a

strictly intracellular Gram-negative bacterium that infects and

multiplies in macrophages and monocytes located in body tis-

sue (Baca et al. 1985; Raoult et al. 1999; Porter et al. 2011).

Coxiella burnetii might induce granulomas by the mechanism

similar to ones induced by M. tuberculosis, which is also an

intracellular bacterium. Due to M. tuberculosis infection,

granuloma formation is initiated when the bacterium is

phagocytozed by macrophages. As the granuloma matures,

the centre becomes necrotic. The bacterium can survive for

years in granulomas and at a later stage can spread in aerosols

and cause illness (Chan & Flynn 2004; van der Wel et al.

2007; Pieters 2008; Helming & Gordon 2009). A second

explanation is that C. burnetii can cause an immunological

response, in which the formation of granulomas is evoked by

tumour necrosis factor (TNF) and other interleukins (Algood

et al. 2005; Koo et al. 2010). A relationship has been

demonstrated between production of TNF and interleukin-10

(IL-10) and the risk of developing chronic Q fever (Ghigo

et al. 2001; Honstettre et al. 2003). A high level of IL-10

induces the replication of C. burnetii in monocytes and is

associated with a chronic outcome for the disease (Ghigo

et al. 2001). Whether immunological responses in the patient

or C. burnetii itself causes the formation of granulomas is still

Table 3 Differences in presence of B lymphocytes, T

lymphocytes and macrophages in the intima, media and

adventitia of the abdominal aneurysmal wall of patients with

chronic Q fever compared with patients negative for Q fever

infection

Presence of B lymphocytes,

T lymphocytes and

macrophages

Chronic Q fever+
(N = 7)

N

Q fever�
(N = 15)

N P-value

Intima B lymphocytes

Not present or mild 7 15 –
Moderate or severe 0 0
Media B lymphocytes

Not present or mild 7 15 –
Moderate or severe 0 0

Adventitia B lymphocytes
Not present or mild 3 5 0.510

Moderate or severe 4 10

Intima T lymphocytes
Not present or mild 6 14 0.545

Moderate or severe 1 1

Media T lymphocytes

Not present or mild 3 14 0.021

Moderate or severe 4 1

Adventitia T lymphocytes

Not present or mild 0 7 0.038

Moderate or severe 7 8
Intima macrophages

Not present or mild 3 6 0.628

Moderate or severe 4 9
Media macrophages

Not present or mild 3 9 0.384

Moderate or severe 4 6

Adventitia macrophages
Not present or mild 1 12 0.007

Moderate or severe 6 3

Chronic Q fever+: group of patients with chronic Q fever (corre-

sponding serological profile and PCR positive on tissue); Q fever�:
group of patients without Q fever (negative serological profile and

PCR negative on tissue).

P-value calculated using Fisher’s exact test.

Bold values were significant.

Table 4 Localization of B lymphocytes, T lymphocytes and

macrophages in intima, media and adventitia in aneurysmal

vascular wall in patients with chronic Q fever compared with

patients negative for Q fever infection

Localization of B

lymphocytes,

T lymphocytes and

macrophages

Chronic

Q fever+
(N = 7)

N

Q fever�
(N = 15)

N P-value

Intima B lymphocytes
Not present 7 13 0.516

Diffuse 0 2

Focal 0 0
Media B lymphocytes

Not present 4 7 0.491

Diffuse 2 7

Focal 1 1
Adventitia B lymphocytes

Not present 0 2 0.500

Diffuse 1 0

Focal 6 13
Intima T lymphocytes

Not present 3 11 0.182

Diffuse 4 4

Focal 0 0
Media T lymphocytes

Not present 0 3 0.650

Diffuse 7 12
Focal 0 0

Adventitia T lymphocytes

Not present 0 2 0.031

Diffuse 3 0
Focal 4 13

Intima macrophages

Not present 2 1 0.655

Diffuse 5 14
Focal 0 0

Media macrophages

Not present 1 2 0.278
Diffuse 4 13

Focal 1 0

Palisade 1 0

Adventitia macrophages
Not present 0 2 0.005

Diffuse 2 12

Focal 1 1

Palisade 4 0

Chronic Q fever+, group of patients with chronic Q fever (corre-

sponding serological profile and PCR positive on tissue); Q fever�,

group of patients chronic Q fever (negative serological profile and

PCR negative on tissue); NS, not significant.
P-value is calculated using Fisher’s exact test between the different

groups per item, lowest P-value is noted.

Bold values were significant.
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(1a) (2a)

(1b) (2b)

(3)

Figure 2 Immunohistochemical staining
for CD68 of the aneurysmal abdominal
aortic wall of a chronic Q fever patient
displaying characteristic palisading line
up of macrophages (a) and the negative
control sample. (b) An overview (1)
and a magnified illustration (2) are
given. A positive control sample for
CD68 staining (3) is added (contains
tissue of appendix).

(1) (2)

(3)

Figure 3 Immunohistochemical staining
for CD3 of the aneurysmal abdominal
aortic wall of a chronic Q fever patient
displaying diffuse accentuation of T
lymphocytes in the media and
adventitia: an overview (1) and a
magnified illustration (2). Additionally,
an image of the negative control sample
(same patient) is added (3).
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unclear. An important pathological difference between granu-

loma caused by bacteria and those resulting from a non-speci-

fic immunological responses is the presence of a necrotic core

in the granuloma. A necrotic core appears most likely in bac-

teria-induced granulomas (Mukhopadhyay et al. 2012). We

found necrosis in the tissue of the vascular wall in patients

with chronic Q fever significantly more often than in controls,

which makes the bacterial hypothesis more likely. Thus the

hypothesis suggested by our observations is that the bacteria

in the vessel wall are responsible for the granuloma forma-

tion, but to prove this hypothesis, the presence of the bacte-

rium needs to be demonstrated in the granulomatous vascular

issue from patients with vascular chronic Q fever.

A typical necrotizing granulomatous response was seen in

the abdominal aortic aneurysm wall tissue in four of seven

chronic Q fever patients but not in the control group

(P = 0.005). Previously, one French report was published in

which tissue of chronic Q fever patients with endocarditis was

compared with tissue of patients without chronic Q fever (Le-

pidi et al. 2003). This study did find mononuclear cell inflam-

matory infiltrates with lymphocytes, macrophages, fibrosis

and calcifications, but did not find the characteristic necrotiz-

ing granulomatous response. Other reports noted that specific

histological features in tissue of chronic Q fever patients are

rare or small and can easily be confused with degenerative

lesions (Turck et al. 1976; Lepidi et al. 2003; Norina et al.

2011). There are some reports in which the formation of gran-

ulomatous lesions is described, but only in tissue infected with

C. burnetii as a result of acute Q fever and not in patients or

animals with chronic Q fever (Janigan & Marrie 1983; Lepidi

et al. 2003; Wouda & Dercksen 2007; Norina et al. 2011;

Szablewski et al. 2012). This report is the first to demonstrate

a necrotizing granulomatous response in tissue of the vascular

wall in patients with vascular chronic Q fever. The additional

analyses concerning the distribution of T lymphocytes in the

vascular wall showed comparable results with previous litera-

ture in patients without necrotizing granulomatous response,

but a remarkably low ratio of T-helper cells in the necrotizing

granulomatous infiltrate (Galle et al. 2005). Normally more

T-helper cells are present in granulomas, but apparently not

in chronic Q fever associated granulomas. Further research is

needed as to how this change in T helper response arises.

Granulomatous tissue inflammation proven by histological

examination is included as one of the diagnostic criteria of

the Dutch Consensus Guideline for Diagnosing Chronic Q

fever (Wegdam-Blans et al. 2012). The Dutch Consensus

Guideline categorizes patients with a serologic profile

matching chronic Q fever (IgG phase I ≥ 1:1024) and granu-

lomatous tissue inflammation as probable chronic Q fever

cases. We would like to suggest an alteration in the guide-

line recommending that patients with a granulomatous tis-

sue inflammation in abdominal aortic aneurysm wall tissue

and a serological profile matching chronic Q fever, in the

absence of PCR positivity, positive imaging studies and evi-

dence of other causative microorganisms, should be

categorized as proven chronic Q fever cases. Furthermore,

in any case that vascular tissue shows necrotizing granulom-

atous response, the diagnosis chronic Q fever should be con-

sidered.

A limitation of the study is still the low number of tissue

samples included. Although the largest group ever described,

a restricted statistical significance could be given (only in

P-values and no 95% CI), and more samples should be

evaluated to calculate an accurate diagnostic performance of

histopathology in patients with vascular chronic Q fever.

Conclusion

Necrotizing granulomas are a histological finding in the

C. burnetii-infected aneurysmal abdominal aortic wall.

Chronic Q fever should be included in the list of infectious

diseases with necrotizing granulomatous response, such as

tuberculosis, cat scratch disease and syphilis.
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