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ARTICLE INFO ABSTRACT

Background: Previously, we reported a randomized placebo-controlled trial, the Qure study, showing that
cognitive behavioural therapy (CBT), and not doxycycline, was significantly more effective than placebo in
reducing fatigue severity in Q fever fatigue syndrome (QFS) patients. This follow-up study evaluates the long-
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Therapy behavioural th term effect of these treatment regimens, 1 year after completion of the original trial.
EZ:g(manleinee avioural therapy Methods: All patients who completed the Qure study, CBT (n = 50), doxycycline (n = 52), and placebo (n = 52),
FOHZ“ZUP were included in this follow-up study. Between twelve and fifteen months after end of treatment (EOT), patients

filled out web-based questionnaires including the main outcome measure fatigue severity, assessed with the
Checklist Individual Strength (CIS), subscale fatigue severity.

Results: Fatigue severity in the CBT, but not doxycycline or placebo, group was significantly increased at follow-
up compared to EOT (respective means 39.5 [95% CI, 36.2-42.9] and 31.3 [95% CI, 27.5-35.1], mean difference
8.2 [95% CI, 4.9-11.6]; P < .001). Fatigue severity scores of CBT (adjusted mean 39.8 [95% CI, 36.1-43.4])
and doxycycline (adjusted mean 41.0 [95% CI, 37.5-44.6]) groups did not significantly differ from the placebo
group (adjusted mean 37.1 [95% CI, 33.6-40.7]; P = .92 and P = .38, respectively).

Conclusion: The beneficial effect of CBT on fatigue severity at EOT was not maintained 1 year thereafter. Due to
its initial beneficial effect and side effects of long-term doxycycline use, we still recommend CBT as treatment for
QFS. We suggest further investigation on tailoring CBT more to QFS, possibly followed by booster sessions.

[7,8], i.e., acute Q fever. This number is probably an underestimation as
the infection is thought to remain asymptomatic in approximately 60%

1. Introduction

Q fever is a zoonosis caused by the intracellular Gram-negative
bacterium Coxiella burnetii. Transmission to humans occurs primarily
through inhalation of contaminated aerosols spread by bodily fluids,
e.g. milk, urine, feces, and most importantly parturient fluids, of in-
fected animals, most commonly goats and sheep [1-4]. Due to a vast
increase in goat farming between 1983 and 2009, the Netherlands ex-
perienced the largest Q fever outbreak ever reported between 2007 and
2011 [5,6]. It is estimated that at least 44.000 people became infected,
of whom over 4.000 were notified as having a symptomatic infection

of patients [5,7,9,10].

Patients with acute Q fever have a variety of symptoms, many of
which are non-specific. Most common are flu-like symptoms, pneu-
monia, or hepatitis [1,3,10]. Following infection with C. burnetii, both
symptomatic and asymptomatic, around 1-5% of patients eventually
develop chronic Q fever or persistent focalized infection, usually
manifesting as endocarditis or infection of pre-existing aneurysms or
vascular prostheses [1,3,10,11]. A more common long-term sequela
following infection with C. burnetii is Q fever fatigue syndrome (QFS).
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Although most patients recover from their acute Q fever infection
within the first 6 months, around 20% remain chronically fatigued
[12]. This fatigue is frequently accompanied by other symptoms [12].
QFS leads to impairment in daily functioning and general health status,
contributing to the high Q fever-related economic costs of the Dutch
outbreak and emphasizing the necessity for an adequate treatment of
this debilitating syndrome [12-17].

A treatment strategy with proven efficacy for QFS has long re-
mained elusive [12]. A handful of studies have tried to assess the ef-
fectiveness of antibiotic treatment with tetracyclines [18-20]. How-
ever, these studies showed conflicting results and lack a valid trial
design. Cognitive behavioural therapy (CBT) is an effective treatment
for chronic fatigue syndrome (CFS) [21] and was thought to be, because
of its striking overlap in symptoms, also be effective as treatment for
QFS [22,23].

We previously published the results of the first and until now only
randomized placebo-controlled trial for QFS treatment, the Qure study
[24,25], comparing CBT and doxycycline treatment with placebo
treatment [12]. This trial demonstrated a beneficial effect in reducing
fatigue severity for CBT, but not doxycycline, compared to placebo
treatment. For the present study we investigated whether this beneficial
effect is sustained over time. In CFS it was shown that the beneficial
effects of CBT lasted for at least 18 months following completion of
therapy [26,27], although significant relapse did occur after this period
in about half of the patients who had a favourable response directly
following CBT [28]. Therefore, we evaluated whether the beneficial
effect of CBT in QFS patients persisted 1year after completion of
therapy and compared the outcomes of CBT and doxycycline at follow-
up with those of patients from the placebo group.

2. Methods
2.1. Patients

In this study, patients who participated in the Qure study (Clinical
Trials Registration: NCT01318356 [25]) were contacted one year after
completion of the study. In the original trial, 156 men and non-lactating
women aged =18 years who were diagnosed with QFS [29], were in-
cluded and equally randomized with a 1:2 ratio between two treatment
groups; CBT (n = 51) and medication (n = 105). In the medication
group, a second double-blinded randomization was performed between
doxycycline and placebo treatment with a 1:1 ratio [24], which was
refused by one patient leaving a total of 155 patients who started with
the interventions. A total of 154 participants were included in the in-
tention-to-treat (ITT) analysis of the Qure study; CBT (n = 50; 1 patient
refused any further contact after withdrawing consent during CBT),
doxycycline (n = 52), and placebo (n = 52); all 154 patients were
contacted for follow-up assessment.

2.2. Procedures

At least twelve months (with extension to a maximum of fifteen
months) after completing end of treatment (EOT) assessments in the
original trial, patients were sent an e-mail by a research assistant (LV)
with an invitation to participate in the follow-up assessment. In this
email, the purpose of the follow-up was explained, and a link to web-
based questionnaires was provided. If patients did not respond within 1
to 2 weeks, they were contacted again by e-mail. In case the web-based
follow-up was not completed after the reminder, within 1 to 2 weeks,
and patients had not indicated that they did not want to participate,
they were contacted by phone by the research assistant to establish the
reason for not responding and were asked again for their cooperation.
In case the patient indicated that he or she would fill out the ques-
tionnaire but did not do so, the primary investigator (SPK) contacted
the patient personally. If this was not successful, the patient was re-
garded as having dropped out.
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2.3. Ethics

All participants provided written informed consent for participation
in the Qure study, which also included a follow-up measurement. The
Qure study was approved by the Medical Ethics Review Committee
Region  Arnhem-Nijmegen  (registration number 2011/069,
NL35755.091.11).

2.4. Outcome variables

Fatigue severity was the primary outcome of the Qure study mea-
sured with the subscale fatigue severity of the Checklist Individual
Strength (CIS, Cronbach's alpha 0.83-0.93) [30]. Patients with a cut-off
score = 35 were classified as severely fatigued [31,32]. Clinical
meaningful improvement, taking into account whether the magnitude
of change on the CIS subscale fatigue severity is clinically relevant, was
defined as a reliable change index (RCI) X 1.96 plus a CIS subscale on
fatigue severity score of < 35 [33]. The RCI was calculated based on
the standard deviation of the baseline CIS subscale on fatigue severity
score (4.87) of the original Qure study with 0.88 as reliability factor (=
4.28) [30]. The RCI score is then multiplied with 1.96 (=8.40), and
signifies a minimal drop of nine points on the CIS subscale fatigue se-
verity. Clinical meaningful improvement was calculated at EOT and
follow-up. Functional impairment was a secondary outcome and was
measured with the total score on Sickness Impact Profile-8 (SIPS,
Cronbach's alpha 0.91) [34]. Patients with a cut-off score of =450 were
classified as functionally impaired [35].

2.5. Statistical analysis

Statistical analysis was performed using SPSS 22.0.01 (SPSS Inc.,
Chicago, IL) and significance was assumed at a P value of < 0.05.
Analyses were primarily based on an ITT analysis. In case of significant
differences in the primary analysis, a sensitivity analysis will be per-
formed on the basis of worst case imputation, i.e. maximal values on the
outcome measures for missing data. In addition, a per-protocol analysis
was conducted, excluding those patients who did not fully complete
their allocated treatment (n = 12; CBT n = 7, doxycycline n = 3, and
placebo n = 2), or followed additional treatment, i.e. CBT, (n = 15;
doxycycline n = 8 and placebo n = 7) during follow-up. Between-group
differences in baseline characteristics and duration of follow-up period
were analysed with analysis of variance. Within-group comparisons
between EOT and follow-up scores were done with pairwise t-tests.
ANCOVA was used for between-group comparisons, adjusted for base-
line scores. The CBT and doxycycline group were compared to the
placebo group. In these analyses, follow-up scores on outcome measures
were used as dependent, treatment strategy as fixed factor and scores at
baseline of the Qure study as covariate. A Bonferroni correction was
applied to adjust for multiple comparisons.

3. Results

Fig. 1 shows the trial profile. All 154 patients who participated in
the study completed EOT and follow-up assessments and were included
in the ITT analysis; CBT (n = 50), doxycycline (n = 52), and placebo
(n = 52). Eight patients with doxycycline and 7 patients with placebo
as allocated treatment received CBT during their follow-up period.
Twelve patients stopped their treatment before EOT (CBT n = 7, dox-
ycycline n = 3, and placebo n = 2) but did complete both EOT and
follow-up assessments. There were no missing data, therefore, no im-
putation strategy was required. The total patient group consisted of 80
men and 74 women with a mean age of 43.8 (SD + 12.1) at baseline.
There were no significant differences in patient characteristics between
treatment groups at baseline assessment of the Qure study (Table 1)
[25]. The mean follow-up period from EOT assessment was
13.2months (SD *= 1.3). No significant difference in follow-up period
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Enrolment

| 156 patients included and randomized

Allocation
-

51 received CBT | 105 allocated to study medication (doxycycline or placebo)
1 refused double-blind randomization and did not receive medication
104 double-blind randomized
52 received doxycycline (200mg/day) 52 received placebo (once daily)
43 completed allocated treatment 49 completed allocated treatment 50 completed allocated treatment
8 discontinued allocated treatment 3 discontinued allocated treatment 2 discontinued allocated treatment
prematurely prematurely prematurely
1 withdrew consent 1 refused further treatment 1 used of >10 days antibiotics
7 refused further treatment 2 adverse event potentially active against C. burnetii
1 discontinuation of study medication
50 completed EOT and EOS assessment 52 completed EOT and EOS assessment for >7 consecutive days
1 refused further contact after
withdrawing consent 52 completed EOT and EOS assessment
Analysis
Qure-Study
50 included in intention-to-treat analysis 52 included in intention-to-treat analysis 52 included in intention-to-treat analysis
Qure-study Qure-study Qure-study
e Follow-Up
50 completed follow-up assessment 8 received CBT during follow-up 7 received CBT during follow-up
52 completed follow-up assessments 52 completed follow-up assessments
Analysis
Follow-Up
50 included in intention-to-treat analysis 52 included in intention-to-treat analysis 52 included in intention-to-treat analysis—
follow-up study follow-up study follow-up study
43 included in per protocol analysis 41 included in per protocol analysis 43 included in per protocol analysis
follow-up study follow-up study follow-up study

Fig. 1. Trial profile of the Qure study.
Analyses were based on an intention-to-treat method and included the data of all 154 patients who completed follow-up assessment. Abbreviations: QFS, Q fever
fatigue syndrome; CBT, cognitive behavioural therapy; EOT, end of treatment; EOS, end of study.

Table 1
Characteristics at baseline assessment [25] of all patients who completed follow-up assessment.
Characteristics Doxycycline (n = 52) Placebo (n = 52) CBT (n = 50)
Female sex, No. (%) 29 (56) 20 (38) 25 (50)
Age, y, mean *+ SD 43.6 = 10.2 44.6 = 12.3 43.1 = 13.7
Duration of symptoms, mo
Median 36.00 37.50 39.50
Interquartile range 24.50-57.00 25.50-50.75 22.00-58.25
CIS subscale fatigue severity score, mean * SD 51.4 = 4.7 50.2 = 4.8 49.5 = 4.7
SIP8 total score, mean + SD 1304.9 + 537.7 1295.1 + 593.7 1369.8 + 653.3

Questionnaires on fatigue, i.e. CIS subscale fatigue severity, and functional impairment, i.e. SIP8, were used. Patients with a CIS subscale fatigue severity cut-off score
of =35 were classified as severely fatigued. Patients with a SIP8 total cut-off score of =450 were classified as functionally impaired.
Abbreviations: CBT, cognitive behavioural therapy; SD, standard deviation; CIS, Checklist Individual Strength; SIP8, Sickness Impact Profile8.
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Table 2
Mean scores on fatigue severity and functional impairment by treatment group at baseline, EOT and follow-up®.
Mean (95% CI) Change score” (95% CI) P value
Baseline EOT Follow-up
Fatigue severity (CIS subscale fatigue severity)
CBT 49.5 (48.2-50.9) 31.3 (27.5-35.1) 39.5 (36.2-42.9) 8.2 (4.9-11.6) < 0.001
Doxycycline 51.4 (50.1-52.7) 41.1 (37.7-44.5) 41.3 (37.6-45.1) 0.2 (—3.2-3.5) 0.91
Placebo 50.2 (48.9-51.5) 37.7 (34.2-41.3) 37.1 (33.4-40.8) —0.6 (—4.0-2.7) 0.70
Functional impairment (SIP8 total score)
CBT 1369.8 (1184.1-1555.5) 811.8 (607.5-1016.1) 880.6 (662.8-1098.5) 68.8 (—93.5-231.1) 0.40
Doxycycline 1304.9 (1155.2-1454.6) 1092.1 (890.3-1294.0) 1057.9 (843.7-1272.2) —34.2 (—184.7-116.4) 0.65
Placebo 1295.1 (1129.8-1460.4) 949.3 (778.1-1120.4) 853.0 (661.3-1044.7) —96.2 (—242.8-50.3) 0.19

Questionnaires on fatigue, i.e. CIS subscale fatigue severity, and functional impairment, i.e. SIP8, were used. Patients with a CIS subscale fatigue severity cut-off score
of =35 were classified as severely fatigued. Patients with a SIP8 total cut-off score of =450 were classified as functionally impaired.
Abbreviations: SD, standard deviation; EOT, end of treatment; CIS, Checklist Individual Strength; CBT, cognitive behavioural therapy; SIP8, Sickness Impact Profile8.

@ P values were based on paired t-test comparisons.
> Change score: follow-up scores compared to EOT scores.

Fatigue severity

60— === Doxycycline
—— Placebo
—— CBT
z
2 ——
P 1| I || P
2 I
8
E — - - Severe fatigue
2 204
%3
o
0 T T T
Baseline EOT Follow-up

Fig. 2. Mean scores of fatigue severity by treatment group at baseline, EOT and
follow-up.

The CIS subscale fatigue severity questionnaire was used. Patients with a CIS
subscale fatigue severity cut-off score of =35 were classified as severely fati-
gued. Values are means and error bars are standard deviations. Abbreviations:
CBT, cognitive behavioural therapy; CIS, checklist individual strength; EOT, end
of treatment.

was found between groups (P = .10).

3.1. Primary endpoint

In the CBT group, mean fatigue severity had significantly increased
at follow-up compared to EOT assessment (39.5 [95% CI, 36.2-42.9]
and 31.3 [95% CI, 27.5-35.1] respectively, mean difference 8.2 [95%
CI, 4.9-11.6]) (P < .001). There were no significant differences in
mean fatigue severity between EOT and follow-up assessment in the
doxycycline (41.1 [95% CI, 37.7-44.5] and 41.3 [95% CI, 37.6-45.1]
respectively, P = .91) and placebo group (37.7 [95% CI, 34.2-41.3]
and 37.1 [95% CI, 33.4-40.8] respectively, P = .70) (Table 2, Fig. 2).

No significant differences in fatigue severity at follow-up were
found between the CBT (adjusted mean 39.8 [95% CI, 36.1-43.4]) and
placebo group (adjusted mean 37.1 [95% CI, 33.6-40.7]) (P = .92), or
doxycycline (adjusted mean 41.0 [95% CI, 37.5-44.6]) and placebo
group (P = .38) (Table 3, Fig. 2).

3.2. Secondary endpoints

No significant differences in mean functional impairment scores
were found between EOT and follow-up assessment in the CBT (811.8
[95% CI, 607.5-1016.1] and 880.6 [95% CI, 662.8-1098.5]
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respectively, P = .40), doxycycline (1092.1 [95% CI, 890.3-1294.0]
and 1057.9 [95% CI, 843.7-1272.2] respectively, P = .65), or placebo
group (949.3 [95% CI, 778.1-1120.4] and 853.0 [95% CI,
661.3-1044.7] respectively, P = .19) (Table 2, Fig. 2).

No significant differences in functional impairment at follow-up
were found between the CBT (adjusted mean 858.1 [95% CI,
665.7-1050.5]) and placebo group (adjusted mean 866.2 [95% CI,
677.6-1054.7]) (P = 1.00), or doxycycline (adjusted mean 1066.4
[95% CI, 877.9-1254.9]) and placebo group (P = .42) (Table 3, Fig. 2).
Clinical meaningful improvement, defined as a 9-point reduction on the
CIS subscale fatigue severity together with a score < 35 at EOT and
follow-up respectively, was reached by 31% and 29% of patients in the
doxycycline; 46% and 40% of patients in the placebo condition; and
56% and 24% of patients in the CBT group, showing a significant re-
lapse in the latter (P = .01). While a significant difference between
groups was seen at EOT (P = .03), this was no longer the case at follow-
up (P = .18) (Supplementary Tablel).

3.3. Additional per-protocol analysis

Performing a per-protocol analysis yielded no difference in results.
No significant differences in fatigue severity were found between the
CBT (adjusted mean 39.2 [95% CI, 35.3-43.1]) and placebo group
(adjusted mean 36.8 [95% CI, 32.9-40.7]) (P > .99), or doxycycline
(adjusted mean 41.1 [95% CI, 37.1-45.1]) and placebo group
(P = .41).

In the CBT group, mean fatigue severity significantly increased at
follow-up compared to EOT assessment (39.1 [95% CI, 35.5-42.6] and
30.4 [95% CI, 26.6-34.4] respectively, mean difference 8.6 [95% CI,
4.8-12.4]) (P < .001). There were no significant changes in fatigue
severity between EOT and follow-up assessments in the doxycycline
(39.1 [95% CI, 35.2-43.1] and 41.4 [95% CI, 37.1-45.7] respectively,
P = .22) and placebo group (36.5 [95% CI, 32.6-40.5] and 36.7 [95%
CI, 32.6-40.9] respectively, P = .90).

4. Discussion

In this follow-up investigation of the Qure study, we found that the
beneficial effect of CBT was not sustained at 1-year follow-up. Fatigue
severity had significantly increased in the CBT group and there was no
longer a significant difference in fatigue severity between CBT and
placebo at follow-up. Patients who had received doxycycline or placebo
reported no significant change in fatigue severity between EOT and
follow-up. Directly following treatment there were no significant dif-
ferences in levels of functional impairment for CBT or doxycycline
compared to placebo. At follow-up, levels of functional impairment did
not significantly differ from EOT in all treatment groups.
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Table 3

Treatment effect on primary and secondary endpoints for all patients who completed follow-up assessment.

CBT vs Placebo, P CBT vs Placebo, Mean

value”

Doxycycline vs Placebo, Mean

Difference (95% CI)

CBT (n = 50) Mean (95% Doxycycline vs Placebo,
P value”

an®

Placebo (n = 52) Mean

(95% CI)*

Doxycycline (n = 52) Mean

(95% CD)*

Outcome

Difference (95% CI)

—2.6 (—8.8 to 3.6)

0.92

37.1 (33.6-40.7) 39.8 (36.1-43.4) 0.38 —-3.9(-10.1 to 2.3)

41.0 (37.5-44.6)

Fatigue severity (CIS subscale

fatigue severity)
Functional impairment (SIP8

8.1 (—322.2-338.3)

> 0.99

—200.2 (—526.8-126.4)

0.42

866.2 (677.6-1054.7) 858.1 (665.7-1050.5)

1066.4 (877.9-1254.9)

total score)

Questionnaires on fatigue, i.e. CIS subscale fatigue severity, and functional impairment, i.e. SIP8, were used. Patients with a CIS subscale fatigue severity cut-off score of =35 were classified as severely fatigued. Patients

with a SIP8 total cut-off score of =450 were classified as functionally impaired.

Abbreviations: CI, confidence interval; CBT, cognitive behavioural therapy; CIS, Checklist Individual Strength; SIP8, Sickness Impact Profile8.

@ Mean follow-up scores represents follow-up scores adjusted for baseline.

> P values were based on analysis of covariance. Follow-up scores are adjusted for baseline.
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It was previously shown that the positive effects of CBT for CFS, a
similar condition, are sustained for at least 18 months following EOT
[28]. A possible explanation for the discrepancy with our findings could
lie in the fact that CBT was not sufficiently effective in reducing func-
tional impairment at EOT in QFS patients, an observation that persists
in the long-term (Table 3, Supplementary Fig.1). CBT for CFS often has
a positive effect on both fatigue severity and functional impairment
[36,37]. Throughout this study, all patients were functionally impaired.
It is conceivable that persisting functional impairment leads to a con-
stant confrontation with limitations caused by an impaired health status
which could eventually lead to an increase in fatigue severity [38]. In
addition, it can be noted that patients received a median of 9 CBT
sessions in the original trial, which, although effective for fatigue se-
verity, might be insufficient to address perceived functional impair-
ment. As noted in the original trial, there was a trend towards a ben-
eficial effect of CBT on functional impairment.

An alternative explanation could be the recurrent negative media
attention in the Netherlands for Q fever since the outbreak of 2007,
frequently reminding patients of their complaints and possible un-
favourable long-term outcome of QFS. Moreover, a large lawsuit, in
which patients collectively sued the Dutch government for negligence
during the Q fever outbreak, was still pending during the follow-up
period. This encouraged patients to supply attorneys with proof of di-
agnosis and constantly reminded them of their often dire financial si-
tuation and perceived lack of social support. It was previously shown
that such lawsuits and perceived lack of social support are associated
with poor treatment outcome of CBT or maintenance of symptoms
[39,40]. It may be that negative media attention, perceive lack of
support and pending lawsuits had a negative effect on the course of
fatigue following CBT in the Qure study.

Perhaps the contrast in effect of CBT for QFS and CFS can also be
explained by the fact that CBT for QFS was based on the treatment
protocol of CBT for CFS [24], aimed at changing cognitive-behavioural
factors that perpetuate fatigue in CFS [41]. This protocol is based on a
model of perpetuating factors in CFS [41]. However, this CFS model
does not fully apply to QFS, as, for example, it was previously shown
that QFS patients exhibit stronger somatic attributions than CFS pa-
tients and show a less strong relation between fatigue-related beliefs
and fatigue [22]. It is likely that not all relevant perpetuating factors for
QFS have yet been identified and were therefore not addressed during
CBT. It could be postulated that such inappropriately addressed per-
petuating factors contributed to the relapse in fatigue severity at 1-year
follow-up. The fact that there was a positive effect of CBT directly
following CBT however speaks against this hypothesis. One could
however also assume that the unknown and unaddressed perpetuating
factors in QFS are responsible for the relapse.

A mediation analysis is currently being conducted with data of the
present study, investigating which changes in cognitive-behavioural
variables mediated the initial beneficial effect of CBT at EOT, but also
the subsequent relapse in fatigue severity at follow-up [42]. This in-
formation can be used to design booster sessions aimed at the mediators
relevant for improving long-term outcome following CBT. Booster ses-
sions have shown to be effective in maintaining the beneficial effects of
CBT for other disorders, like depression, and could also be tailored
specifically for QFS, based on the results of the mediation analysis [43].

As a limitation for this study, it should be noted that follow-up
questionnaires were filled out at home. Thus, patients could not be
interviewed at follow-up to clarify other possible causes of an increase
in fatigue severity, e.g. co-morbidities, dire financial situations, work-
related issues, and relational problems.

In conclusion, the majority of QFS patients who initially benefited
from CBT did not maintain this effect in the long-term. Several me-
chanisms may underlie this observation. Due to its initial positive effect
and side effects of long-term doxycycline use, CBT is still advised as
therapy of choice for QFS patients. At present, it is still the only well-
investigated treatment modality for QFS patients with a positive effect.
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Further research is necessary to elucidate the aetiology of relapse that
occurs following CBT for QFS. We suggest further investigation on
tailoring CBT more to QFS, possibly followed by booster sessions which
may help to maintain the initial beneficial effect of CBT.
Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jpsychores.2018.11.007.
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