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Abstract

Background: Cytomegalovirus (CMV) reactivation in previously immunocompetent critically ill patients is associated
with increased mortality, which has been hypothesized to result from virus-induced immunomodulation. Therefore,
we studied the effects of CMV reactivation on the temporal course of host response biomarkers in patients with
sepsis.

Methods: In this matched cohort study, each sepsis patient developing CMV reactivation between day 3 and 17
(CMV+) was compared with one CMV seropositive patient without reactivation (CMVs+) and one CMV seronegative
patient (CMVs—). CMV serostatus and plasma loads were determined by enzyme-linked immunoassays and real-time
polymerase chain reaction, respectively. Systemic interleukin-6 (IL-6), IL-8, IL-18, interferon-gamma-induced protein-
10 (IP-10), neutrophilic elastase, IL-1 receptor antagonist (RA), and IL-10 were measured at five time points by multiplex
immunoassay. The effects of CMV reactivation on sequential concentrations of these biomarkers were assessed in
multivariable mixed models.

Results: Among 64 CMV+ patients, 45 could be matched to CMVs+ or CMVs— controls or both. The two baseline
characteristics and host response biomarker levels at viremia onset were similar between groups. CMV+ patients had
increased IP-10 on day 7 after viremia onset (symmetric percentage difference +44% versus —15% when compared
with CMVs+ and +37% versus +4% when compared with CMVs—) and decreased IL-1RA (—41% versus 0% and —49%
versus +10%, respectively). However, multivariable analyses did not show an independent association between CMV
reactivation and time trends of IL-6, IP-10, IL-10, or IL-1RA.

Conclusion: CMV reactivation was not independently associated with changes in the temporal trends of host response
biomarkers in comparison with non-reactivating patients. Therefore, these markers should not be used as surrogate
clinical endpoints for interventional studies evaluating anti-CMV therapy.
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Introduction

Cytomegalovirus (CMV) reactivation is observed in 14—
41% of intensive care unit (ICU) patients without known
prior immune deficiency [1-3] and is associated with in-
creased morbidity and mortality [4—6]. In a previous study,
we estimated that the population-attributable fraction of
ICU mortality due to CMV reactivation was 23% in patients
with acute respiratory distress syndrome (ARDS) [7]. In a
subsequent study among patients with septic shock, we
found an effect of CMV reactivation on ICU mortality only
in patients with concurrent Epstein—Barr virus reactivation
[8]. Although multiple studies point toward a causal rela-
tionship, definitive proof that CMV reactivation worsens
clinical outcome is lacking, as most data are also compat-
ible with a scenario in which CMV reactivation is merely a
marker of immune suppression in this patient group.

Based on previous studies in ICU patients, there is a clear
pathophysiological link between inflammation and immune
suppression on the one hand and the subsequent risk of
CMV reactivation on the other [9-13]. Markers reflecting
impaired functioning of natural killer cells and cytotoxic T
cells were predictive of CMV reactivation [10, 11]. Further-
more, bacterial sepsis and corticosteroids have been identi-
fied as clinical risk factors for CMV reactivation [9, 12, 13].
However, less is known about the reverse association and
thus the effects of CMV reactivation on the immune
system. Direct cytotoxic effects of CMV on organs have
been observed primarily in immunocompromised hosts
[14] but also in previously immunocompetent patients in
the ICU [15]. Moreover, indirect immune-modulating
effects are assumed to play a role in the pathogenicity of
CMV [13, 16-18].

In vitro analysis revealed multiple mechanisms encoded
within the genome of CMV that may contribute to a
non-specific inhibition of both cellular and humoral im-
munity [19]. Observational clinical studies yielded conflict-
ing results comparing levels of multiple inflammatory
markers in patients with and without CMV reactivation [1,
11, 20]. However, these studies analyzed biomarker
responses only immediately upon ICU admission and thus
could not assess potential immunological effects due to the
onset of CMV reactivation. Nevertheless, cytokine levels
were used as a primary (surrogate) endpoint in a recent
placebo-controlled randomized control trial in which
prophylactic antiviral treatment with ganciclovir failed to
reduce interleukin-6 (IL-6) levels [21]. Hence, definite
proof of immune-modulating effects induced by CMV re-
mains to be demonstrated. Naturally, such an effect can be
demonstrated only after onset of CMV reactivation. There-
fore, this longitudinal study aimed to investigate whether
the temporal course of seven host response biomarkers,
including both pro- and anti-inflammatory cytokines, in
previously immunocompetent ICU patients with sepsis dif-
fers between patients with and without CMV reactivation.
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Methods
Study population
This matched cohort study was performed among patients
who had been included in two previous studies conducted
within the Molecular Diagnosis and Risk Stratification of
Sepsis (MARS) cohort [7, 8]. For this study, we included
sepsis patients who presented with either concomitant
ARDS or septic shock to the mixed ICUs of two university
medical centers in the Netherlands between January 2011
and June 2014 and had remained in the ICU beyond day
4. Exclusion criteria were CMV seronegative patients with
CMV viremia (thus a primary infection) during their ICU
stay and known immunodeficiency or anti-viral treatment
in the week before ICU admission. The institutional re-
view boards of both study centers approved an opt-out
method of informed consent (protocol number 10-056C).
From this parent cohort, we selected patients with an
onset of CMV reactivation between day 3 and 17 in the
ICU. These patients with viremia were matched to two
control groups consisting of patients without viremia on
any day of ICU admission. First, we matched patients with
reactivation in a 1:1 ratio to CMV seropositive patients
without reactivation (further referred to as “primary com-
parison”). Second, we matched patients with reactivation
in a 1:1 ratio to CMV seronegative patients without CMV
viremia (further referred to as “secondary comparison”).
This secondary comparison was intended mainly to con-
firm results of the primary comparison; the rationale was
that any finding suggestive for an effect of CMV reactiva-
tion should also become apparent when compared with
seronegative patients who are not at risk for CMV reacti-
vation. Matching criteria to reduce confounding were
length of stay until reactivation (determines ¢ = 0), Se-
quential Organ Failure Assessment (SOFA) score at ¢t = 0
(+ 2 points), age (+ 10years), sex, and high-dose cortico-
steroid use during 4 days prior to ¢ = 0 (that is, more than
250 mg hydrocortisone or equivalent). Patients were also
matched on hospital and calendar day of ICU admission
(+ 365 days) in order to reduce possible influences of vari-
ation in sample workup and biobank storage duration
[22]. The optimal matching result was retrieved by select-
ing the largest sample size after 1000 random iterations of
the matching procedure.

Measurements

Leftover plasma, obtained daily as part of routine patient
care, was stored at —-80°C and used to determine CMV
serostatus at ICU admission. Subsequently, CMV load in
blood was measured weekly, and for intermediary days,
on which quantitative polymerase chain reaction was
not performed, we estimated viral loads by log-linear im-
putation (see electronic supplementary materials of [7]).
CMV viremia was defined as at least 100 international
units (IU) per milliliter. This cutoff value was similar to
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the ones used in previous studies [7, 8]. Results of CMV
viral load measurements in plasma performed for this
study were not made available to the treating physicians,
and none of the included patients received anti-CMV
treatment. To map the immune response, we measured
a panel of host response biomarkers in samples derived
from five time points: day of viremia onset (¢ = 0), 2 days
prior (¢ = -2), and after viremia onset at day 3, 7, and 10
(sample availability depended on length of stay in the
ICU). A multiplex luminex immunoassay was performed
by using EDTA plasma and included the following pro-
teins: IL-6, IL-8, IL-18, tumor necrosis factor-alpha
(TNF-a), TNF-related apoptosis-inducing ligand
(TRAIL), interferon-gamma (IFN-y), IFN-y—induced
protein-10 (IP-10), neutrophilic elastase, granzyme-B,
IL-1 receptor antagonist (RA), and IL-10. Based on the
results of a pilot run using 82 samples obtained from 15
ARDS patients without sepsis at ICU admission (whom
were not included in this study), we excluded IFN-y,
TNEF-a, TRAIL, and granzyme-B from the final panel be-
cause the levels of these biomarkers were below the lower
limit of detection in more than 70% of the samples. Of
note, in this pilot run, CMV reactivation was not associ-
ated with detectability of the four excluded biomarkers.

Measurements of biomarkers were performed by using
an in-house developed and validated multiplex immuno-
assay (ISO9001 certified) based on Luminex technology
(xXMAP, Luminex, Austin, TX, USA). The assay was
performed as described previously [23]. In short, thawed
EDTA plasma samples (60 pL) were diluted 1:1 in High
Performance Elisa (HPE) buffer (Sanquin, the Netherlands)
and centrifuged through filtration columns to remove deb-
ris. Then non-specific heterophilic immunoglobulins were
pre-absorbed from all samples with HeteroBlock (Omega
Biologicals, Bozeman, MT, USA). Next, samples were incu-
bated with antibody-conjugated MagPlex microspheres for
1-h at room temperature with continuous shaking and this
was followed by 1-h incubation with biotinylated antibodies
and 10-min incubation with phycoerythrin-conjugated
streptavidin diluted in HPE buffer. Acquisition was
performed with the FLEXMAP 3D system (Bio-Rad
Laboratories, Hercules, CA, USA) in combination with
xPONENT software version 4.2 (Luminex). Data were ana-
lyzed by 5-parametric curve fitting using Bio-Plex Manager
software, version 6.1.1 (Bio-Rad Laboratories).

Statistical analysis

Univariable analyses were performed to compare pa-
tients and disease characteristics for matched groups
with and without CMV reactivation using chi-squared,
Wilcoxon rank sum, or Fischer exact tests as appropri-
ate. Measured host response markers were natural
log-transformed concentrations in picograms per milli-
liter for all analyses. Symmetric percentage differences

Page 3 of 9

were calculated for each patient at the different time
points. This delta percentage reflects the relative change
from the measurement 2 days prior to CMV reactivation
until the follow-up measurement [24].

We performed additional multivariable analyses by using
generalized linear mixed models to assess the effect of
CMYV reactivation on the time course of each individual
biomarker. In the mixed model analyses, we assessed
whether baseline biomarker levels were comparable be-
tween matched groups (that is, coefficient for CMV reacti-
vation) as well as the effect of CMV on the course of the
biomarker levels over time (that is, coefficient for inter-
action term between time and CMV reactivation). A priori
we chose to model the established immune markers IL-6
and IL-10. Based on the observed divergence in the sym-
metric percentage differences over time between groups,
we conducted the multivariable analyses also for the
pro-inflammatory chemokine IP-10 and the anti-inflamma-
tory cytokine IL-1RA. Since not all CMV reactivation pa-
tients were included in both comparisons, we performed
separate mixed model analyses for the primary and second-
ary comparisons. Thus, in total, eight models were built
(for each of the four biomarkers in each of the two compar-
isons). For each model, SOFA score at ¢ = 0 (that is, the
day of reactivation) and age were included as confounders
since we used a range (instead of an exact value) as match-
ing criteria for these co-variables. For the fixed part of th
emodels a polynomial term for time was evaluted (that is,
quadratic time effect). Furthermore, a random intercept
and a rondom slowe were evaluted for each model. Re-
stricted maximum likelihood estimation (REML) was used
to generate unbiased variance estimates for the final models
[25]. Different ways to model the time course for each host
response marker were compared by using the likelihood
ratio test and Akaike’s information criterion.

To take multiple testing into account and reduce the
risk of spurious findings, we performed all statistical
testing against a P value of 0.01 and used a confidence
interval of 99%. Bonferroni adjustment was deemed in-
appropriate and too conservative as the different measure-
ments performed over time within a single patient and
hence the tests were highly correlated with each other.
Analyses were performed by using either SAS Enterprise
Guide 7.1 (SAS Institute, Cary, NC, USA) or R version
3.3.2 (R Foundation for Statistical Computing, 2015; used
packages “lme4”, “Imetest”). Figures were made using
GraphPad Prism version 7.04 (GraphPad Software, La Jolla,
CA, USA).

Results

Forty-five (70%) of 63 eligible patients with CMV reacti-
vation during ICU day 3-17 could be included after
matching (Fig. 1). Twenty-eight patients were matched
to a seropositive patient as well as a seronegative, nine
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524 Sepsis patients with
septic shock or ARDS

Exclusion criteria:

- Onset CMV reactivation before day 3 or after day 17: n=40

A\ 4

» - Seronegative with CMV viremia: n=2
- ICU admission for palliative care: n=1

479 Patients available for matching

- Failed multiplex immunoassay: n=2

! !

|

256 Seropositive patients
without CMV reactivation

63 Patients with CMV reactivation

160 Seronegative patients
without CMV reactivation

Random matching; criteria:
- Age
- Sex

- SOFA- score at t=0 (+2points)

- Year of ICU admission
- Hospital (center A versus B)

- Length of stay till reactivation (determines t=0)

- High dose corticosteroids 4 days prior to t=0"

45 (70%) Patients with CMV reactivation could be matched

9 Patients with CMV reactivation
included only in primary comparison

28 Patients with CMV reactivation
included in both comparisons

8 Patients with CMV reactivation
included only in secondary comparison

Primary comparison:
37 patients with CMV reactivation matched to
37 seropositive patients without CMV reactivation

36 patients with CMV reactivation matched to
36 seronegative patients without CMV reactivation

Fig. 1 Patient inclusion. Abbreviations: ARDS acute respiratory distress syndrome, CMV cytomegalovirus, ICU intensive care unit, SOFA sequential
organ failure assessment. High-dose corticosteroid therapy was defined as daily dose of more than 250 mg hydrocortisone or equivalent

Secondary comparison:

J

to only seropositive, and eight to only seronegative,
respectively. This resulted in a study population of 118
unique patients, divided into a primary comparison (that
is, 37 with CMV reactivation matched to 37 CMV sero-
positive without reactivation) and a secondary compari-
son (that is, 36 with CMV reactivation matched to 36
CMYV seronegative).

Patient and disease characteristics

Patient and disease characteristics at ICU admission were
comparable between matched groups and are presented in
Table 1. In the patients with CMV reactivation, median
peak level of CMV DNA load was 404 IU/mL (interquartile
range (IQR) 214-1370). Median length of stay in the ICU
until reactivation was 9 days (IQR 6-11), which was influ-
enced by the used inclusion criterion (that is, viremia onset
between day 3 and 17 in the ICU). Of the 118 unique sep-
sis patients included, 81 (69%) presented to the ICU with
septic shock and 80 (68%) patients had ARDS during the
first week of ICU admission. In the primary comparison,
the median ICU length of stay was 16 days (IQR 10-21)
for patients with CMV reactivation versus 14 days (IQR
11-20) for subjects without reactivation (P = 0.90). This
was 16 days (IQR 11-21) versus 19days (IQR 11-27) in
the secondary comparison (P = 0.21), respectively. Hospital
mortality was 57% for patients with CMV reactivation and

46% for the matched patients without reactivation in the
primary comparison (P = 0.35). In the secondary compari-
son, this was 58% versus 47% (P = 0.35), respectively.

Time course of host response biomarkers in matched
groups

Baseline levels of measured host response markers were
comparable between patients with and without reactiva-
tion, both at ¢ = -2 (that is, 2 days prior to viremia onset)
and at ¢ = O (that is, day of reactivation onset) (Table 2). In
general, this remained the case for each marker up to 10
days after CMV reactivation; the exceptions were median
IL-10 levels (which were significantly higher on day 10)
and median IL-6 levels (which were significantly lower on
day 7) in patients with CMV reactivation compared with
controls (Additional file 1: Table S1). However, these
differences were not consistent across both primary and
secondary comparison.

Time trends of various markers within patients were
described by symmetric percentage differences relative to
their levels 2 days prior to CMV viremia onset (Fig. 2 for
primary comparison, Additional file 1: Figure S1 for
secondary comparison). For IP-10 and IL-1RA, differences
in time trends were observed between patients with and
without reactivation in both comparisons. Patients with
CMV reactivation had a more pronounced increase of
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Table 1 Characteristics of intensive care unit patients with sepsis by cytomegalovirus reactivation status

Variables Primary comparison®

Secondary comparison®

CMVs + (n = 37) CMV+S (n =37) Pvalue  CMVs— (n = 36) CMV+S (n = 36) P value
Demographics and comorbidities
Age, years 69 (63-76) 69 (62-77) MF 68 (60-72) 69 (63-77) MF
Sex, male 22 (60) 22 (60) MF 23 (64) 23 (64) MF
COPD 10 (27) 5 (14) 0.25 6 (17) 6 (17) 1.00
Congestive heart failure 4 (11) 2 (5) 0.67 1 (3) 1 (3) 1.00
Diabetes mellitus 3 @® 9 24) 0.11 7 (19) 8 22) 1.00
Solid or hematologic malignancy 2 (5) 4 an 0.67 8 (22) 6 17) 0.77
Chronic renal insufficiency 3 8) 8 (22) 0.19 5 (14) 9 (25) 037
Charlson comorbidity index 0 (0-1) 0 (0-1) 0.29 0 (0-2) 0 (0-2) 0.81
Characteristics at ICU admission
Hospital (A versus B) 25 (68) 25 (68) MF 28 (78) 28 (78) MF
Prior ICU admission 10 27) 4 amn 0.14 11 3N 3 8) 0.03
Surgical reason for admission 13 (35) 11 (30) 0.62 15 (42) 9 (25) 0.21
APACHE IV score 85 (65-103) 88 (66-114) 043 85 (72-96) 83 (66-111) 067
Septic shock 24 (65) 23 (62) 0.81 26 (72) 25 (69) 0.80
ARDS 27 (73) 26 (70) 0.80 24 67) 23 (64) 0.80
Source of infection 0.03 0.88
- Pulmonary 20 (54) 14 (38) 16 (44) 15 (42)
- Abdominal 5 (14) 15 (41) 11 (31 13 (36)
- Other 12 (32) 8 (1) 9 (25) 8 (22)
Characteristics at t = 0°
Length of ICU stay until t = 0 (days) 7 6-11) 7 6-11) MF 9 6-11) 9 6-11) MF
SOFA score 7 (4-8) 7 (4-8) MF 7 (5-10) 8 (6-10) MF
Corticosteroids in 4 previous days® 15 41) 15 41) MF 17 (47) 17 47) MF

Abbreviations: APACHE Acute Physiology and Chronic Health Evaluation, ARDS acute respiratory distress syndrome, CMVs+ cytomegalovirus (CMV) seropositive
without reactivation, CMV+ CMV reactivation, CMVs— CMV seronegative, COPD chronic obstructive pulmonary disease, ICU intensive care unit, MF used as

matching factor, SOFA Sequential Organ Failure Assessment
Data are presented as medians (Q1-Q3) or frequencies (column percentages)

?In the primary comparison, patients with CMV reactivation were compared with matched CMV seropositive patients without reactivation
PIn the secondary comparison, patients with CMV reactivation were compared with matched CMV seronegative patients

“Twenty-eight patients with CMV reactivation are included in both matched comparisons

4t = 0 is the ICU day of CMV reactivation; this length of stay also determines t = 0 in the matched patient without reactivation
®High-dose corticosteroid was defined as a daily dose of at least 250 mg hydrocortisone or equivalent

IP-10 (median percentage difference of 44% versus —15%)
and decrease of IL-1RA (median percentage difference of
—-41% versus 0%) on day 7 after viremia onset compared
with CMV seropositive patients without reactivation. For
the secondary comparison, with CMV seronegative pa-
tients, similar differences in trends were observed for IP-10
(+37% versus +4%) and IL-1RA (-49% versus +10%), re-
spectively. Of importance, sample size decreased over time
because of death or ICU discharge with a minimum of 11
per patient group after 10 days (Additional file 1 Table S1).

Independent effect of CMV reactivation on the time
course of four host response biomarkers

In the multivariable mixed model analyses, CMV reacti-
vation did not significantly affect the baseline levels of

IL-6, IP-10, IL-10, and IL-1RA (Table 3). A significant
decrease over time was observed in all patients for IL-6
in both the primary and secondary comparison and for
IL-10 in the primary comparison only, respectively.
However, CMV reactivation did not significantly affect
the time trend of any of the four analyzed biomarkers.

Discussion

We performed an explorative study to compare time
trends of host response biomarkers in patients with re-
activation that were matched to non-reactivating control
patients who were either seropositive or seronegative for
CMV. Although we initially observed differential trends
of IL-1RA and IP-10 in the crude analysis, these differ-
ences did not remain in the linear mixed model analysis
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Table 2 Absolute levels of host response markers at baseline by cytomegalovirus reactivation status
Marker Primary comparison® Secondary comparisonb
CMVs + (n = 37) CMV+ (n = 37)° P value CMVs— (n = 36) CMV+ (n = 36)° P value
Two days before CMV reactivation onset (t = —2)
IL-6 44 (39-54) 43 (3.3-49) 0.08 43 (3.7-5.2) 43 (3.0-47) 0.22
IL-8 36 (29-4.1) 33(2.7-39) 0.35 35 (9-47) 34 (2.8-4.1) 0.23
IL-18 6.5 (5.9-6.9) 6.4 (5.9-6.6) 046 6.3 (5.9-6.7) 64 (5.9-6.7) 0.77
IP-10 6.5 (6.0-7.0) 6.3 (59-6.8) 0.13 6.3 (5.8-7.0) 6.3 (5.9-6.8) 0.68
N-elastase 106 (10.3-11.1) 10.8 (10.2-11.0) 0.96 10.7 (10.5-11.1) 10.7 (10.2-11.0) 042
IL-10 2.1 (14-33) 24 (20-3.1) 0.60 23(16-32) 25 (1.9-3.) 0.36
IL-TRA 6.4 (5.8-7.3) 6.2 (5.7-7.0) 0.55 64 (5.7-6.9) 6.5 (5.7-7.1) 0.63
Day of CMV reactivation onset (t = 0)
IL-6 4.2 (3.1-5.0) 39 (3.1-44) 0.25 4.1 (3.6-4.9) 38 (33-43) 0.16
IL-8 35 (2.7-43) 3.1 (25-4.0) 0.36 36 (2.5-4.5) 32 (2.5-338) 0.16
IL-18 6.4 (5.8-6.8) 6.2 (5.8-6.8) 0.67 6.3 (5.8-6.7) 6.2 (58-6.8) 0.89
IP-10 6.3 (5.9-6.8) 6.4 (5.9-6.7) 0.75 6.2 (5.8-6.8) 6.5 (5.9-7.0) 046
N-elastase 10.3 (10.1-10.8) 10.7 (10.2-11.0) 0.11 10.7 (10.3-10.9) 10.7 (10.2-11.0) 0.85
IL-10 20 (1.6-3.0) 2.5 (1.9-29) 0.35 20 (1.6-27) 26 (1.9-3.0) 0.08
IL-1RA 64 (54-7.1) 6.4 (5.5-7.0) 0.81 6.3 (5.5-7.2) 64 (54-6.9) 0.54

Abbreviations: CMVs+ cytomegalovirus (CMV) seropositive without reactivation, CMV+ CMV reactivation, CMVs— CMV seronegative, IL interleukin, IP-10 interferon-
gamma induced protein-10, N neutrophilic, RA receptor antagonist. Biomarker levels (in picograms per milliliter) were natural log-transformed and presented as
median (Q1-Q3). Measurements were performed 2 days before CMV viremia onset and at the day of onset (defines t = 0 in viremia patient and corresponding
ICU length of stay until that day determines t = 0 in matched patient without reactivation)

?In the primary comparison, patients with CMV reactivation were compared with matched CMV seropositive patients without reactivation

PIn the secondary comparison, patients with CMV reactivation were compared with matched CMV seronegative patients

“Twenty-eight patients with CMV reactivation are included in both matched comparisons

with adjustment for repeated measurement, loss to
follow-up, and confounding. Thus, no overall and inde-
pendent effect of CMV reactivation on the temporal
trends of host response biomarkers following onset of
viremia in patients with sepsis could be demonstrated.

The hypothesis of an immune-modulating effect of
CMV is based on the observation of increased mortality
and morbidity in patients with viremia without organ
manifestation of CMV disease [13, 19]. Proposed mecha-
nisms of such indirect pathogenicity are autoantibody
production, enhanced inflammation, vascular damage,
and CMV-induced immunosuppression [17]. Based on
this hypothesis and an observed association between
plasma markers and mortality in patients with ARDS
[26], IL-6 was used as a surrogate endpoint in a recent
randomized controlled trial that evaluated the safety of
preventive antiviral treatment in ICU patients [16]. Our
finding that CMV reactivation is not associated with
modified IL-6 dynamics questions the suitability of IL-6
as an endpoint in clinical trials evaluating preventive
therapy for CMV reactivation in ICU patients. Further-
more, time trends of other immunological biomarkers
were not robustly affected by CMV reactivation.

Our study has several strengths. First, to our knowledge,
this is the first study with serial measurements of the
immune response following (instead of prior to) CMV

reactivation. Second, our study design included two
matched control groups. Because of the used matched co-
hort design, we could include only 45 out of 63 patients
with CMV reactivation but this loss was compensated by
the ability to include controls that were more comparable
to those patients. Sepsis patients in the ICU are known to
be very heterogeneous [27, 28]; thus, the matching
reduced in theory both confounding and unwanted vari-
ation by extraneous factors. Third, by using mixed model
analyses, we accounted for correlation of measurements
performed within one patient by the use of random
effects, which increased the statistical power to identify
differences between patient groups. Moreover, this type of
analysis takes into account the considerable loss to
follow-up of patients and allowed us to estimate an
average trend over time based on available data.

Our study also has some limitations. First, this was an
explorative study evaluating multiple host response bio-
markers. We chose a lower P value threshold of signifi-
cance in order to decrease the risk of spurious findings
due to multiple testing, but false-negative findings re-
main an accessory risk to keep in mind also when con-
sidering our study sample size. Unfortunately, a formal
sample size calculation for this kind of statistical analysis
was not possible. Nevertheless, we postulate that pos-
sible immunomodulating effects of CMV reactivation
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Fig. 2 Symmetric percentage differences for time trends of host response biomarkers by cytomegalovirus (CMV) reactivation status (primary
comparison). Levels (in picograms per milliliter) of pro-inflammatory (a—e) and anti-inflammatory biomarkers (f-g) were natural log-transformed,
and symmetric percentage differences were calculated; A % = (In (value follow-up measurement) — In(value at t = —2))*100. This measure reflects
the relative difference from baseline up to the time point of interest. Results are presented as median percentage difference and Q1-Q3. Loss to
follow-up (death or intensive care unit (ICU) discharge) decreased the sample size with a minimum of 11 patients per group after 10 days
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seem at most to be rather limited in these patients because
no large differences in biomarker levels between matched
groups were observed. Second, we analyzed host response
biomarkers as standalone markers, which is probably a

simplification of the complex immune response. However,
large sample sizes are required to perform more advanced
network analyses, and the integration of time series in such
analyses, to our knowledge, has not been conducted before.
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Table 3 Multivariable generalized mixed model analyses relating levels and trends of four host response biomarkers to
cytomegalovirus reactivation

Marker

Baseline level (t = —2) Effect reactivation on level P value Time trend per day Pvalue Effect reactivation on time trend P value

Primary comparison®

IL-6 5.50 (3.31-7.68) —0.58 (-1.27-0.10) 0.03 —023 (=038 - —-008) © <0001 0.07 (-0.02-0.16) 0.06
IP-10 7.23 (5.71-8.72) —0.31 (-0.80-0.18) 0.10 —0.03 (-0.09-0.03) 0.18 0.07 (-0.01-0.16) 0.03
IL-10 244 (0.33-4.45) —0.02 (-0.78-0.74) 094 —0.09 (-0.17 - —=0.03) 0.007 0.07 (-0.02-0.18) 0.10
IL-TRA  6.12 (3.77-847) 7 (-0.93-0.59) 057 —0.08 (-0.16-0.00) 0.01 0.02 (—0.09-0.14) 0.62
Secondary comparison®
IL-6 4.83 (2.53-7.15) —0.34 (-1.02-0.34) 0.21 —-0.15 (-0.27 - -0.02) © 0.003 0.01 (-0.07-0.08) 0.82
IP-10 6.00 (4.54-7.44) 0.14 (—0.34-0.62) 045 0.02 (—0.04-0.07) 045 0.03 (—0.06-0.12) 0.36
IL-10 2 (-0.60-3.08) 0.17 (-0.38-0.72) 043 —0.04 (-0.11-0.01) 0.06 0.02 (-0.07-0.12) 0.50
IL-TRA - 4.97 (231-7.64) 0.06 (—0.76-0.89) 0.85 0.00 (—0.08-0.09) 091 —0.07 (=0.19-0.05) 0.15

Abbreviations: CMV cytomegalovirus, IL interleukin, IP-10 interferon-gamma induced protein-10, RA receptor antagonist

Data are presented as coefficient of the model (99% confidence interval) derived from generalized mixed model analyses. Age and Sequential Organ Failure
Assessment (SOFA) score at t = 0 (day of viremia onset) were included as confounders in each model because a range was used as matching criteria for these co-
variables. Baseline levels were derived from intercept estimates, and the effect of reactivation on the time trend was assessed by an interaction term between

time and CMV reactivation

“In the primary comparison, patients with CMV reactivation were compared with matched CMV seropositive patients without reactivation
PIn the secondary comparison, patients with CMV reactivation were compared with matched CMV seronegative patients
“Final models for IL-6 included a polynomial time effect; the estimates for t* were 0.01 (0.00-0.03) in the primary comparison and 0.01 (0.00-0.03) in the

secondary comparison

We also measured only the plasma concentrations. Since
CMYV pneumonitis could be an important mediator of the
pathological effect of CMV reactivation in critically ill pa-
tients, bronchoalveolar lavage samples may be additionally
informative but were not available [16, 29]. Finally, we did
not evaluate all potentially relevant biomarkers for CMV
reactivation; thus, future studies are needed before an
immunomodulating effect of CMV can be ruled out with
certainty as an important pathological mechanism in previ-
ously immunocompetent ICU patients.

Conclusions

This study could not demonstrate an independent immu-
nomodulating effect of CMV reactivation in patients with
sepsis. This finding does not lend support for the use of
immunological markers as surrogate endpoints for clinical
outcome in interventional studies of prophylactic or
pre-emptive CMV therapy in ICU patients.

Additional file

Additional file 1: Table S1. Absolute levels of host response markers
during follow-up by cytomegalovirus (CMV) reactivation status. Figure
S1. Symmetric percentage differences for time trends of host response
biomarkers in patients by cytomegalovirus (CMV) reactivation status
(secondary comparison). (PDF 649 kb)
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