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Background The underlying mechanisms of thrombosis in Lemierre’s syndrome and
other septic thrombophlebitis are incompletely understood. Therefore, in this case
control study we aimed to generate hypotheses on its pathogenesis by studying the
plasma proteome in patients with these conditions.

Methods All patients with Lemierre’s syndrome in the Skane Region, Sweden, were
enrolled prospectively during 2017 to 2021 as cases. Age-matched patients with
other severe infections were enrolled as controls. Patient plasma samples were
analyzed using label-free data-independent acquisition liquid chromatography tan-
dem mass spectrometry. Differentially expressed proteins in Lemierre’s syndrome
versus other severe infections were highlighted. Functions of differentially expressed
proteins were defined based on a literature search focused on previous associations
with thrombosis.

Results Eight patients with Lemierre’s syndrome and 15 with other severe infections
were compared. Here, 20/449 identified proteins were differentially expressed be-
tween the groups. Of these, 14/20 had functions previously associated with thrombo-
sis. Twelve of 14 had a suggested prothrombotic effect in Lemierre’s syndrome,
whereas 2/14 had a suggested antithrombotic effect.

Conclusion Proteins involved in several thrombogenic pathways were differentially
expressed in Lemierre’s syndrome compared to other severe infections. Among
identified proteins, several were associated with endothelial damage, platelet activa-
tion, and degranulation, and warrant further targeted studies.
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1. Fusobacterium necrophorum
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André Lemierre

Common definition of Lemierre’s
syndrome

1. Oropharyngeal infection

2. Fusobacterium necrophorum-
bacteremia

3. Septic thrombophlebitis v.
Jugularis or septic pulmonary

Aim — To generate hypotheses on why patients with Lemierre’s syndrome
develop septic thrombophlebitis

Method - Case-control study comparing the plasma proteome in Lemierre’s
syndrome (n=8) with other severe infections (n=15) without thrombosis

DIA liquid chromatography tandem mass spectrometry on plasma

Results - 20 differentially expressed proteins identified. 14 of these were
previously associated with thrombosis with the following functions
hypothesized to be important in development of septic thrombophlebitis:

- Platelet aggregation and degranulation
- Endothelial injury markers
- Linking innate i ity and thr

h

emboli 2. Vena jugularis interna-invasion

other severe infections without thrombosis.

The aquarelle of André Lemierre was painted by artist Maria Pohl. The figures were generated using Servier Medical Art, provided by Servier, licensed under a Creative Commons Attribution 3.0 unported license. The Gram stain was attrieved from PHIL, CDC, Atlanta, USA.

Visual summary. Proteomic characterization of plasma in Lemierre's syndrome. This was a prospective case-control study
investigating differential plasma proteome expression by mass spectrometry in cases with Lemierre's syndrome compared to

3. Septic thrombophlebitis develops and embolize

Background

Lemierre’s syndrome is a life-threatening disease often
defined as Fusobacterium necrophorum bacteremia following
an oropharyngeal infection with direct (internal jugular vein
thrombosis) or indirect (septic pulmonary embolization)
signs of septic thrombophlebitis."> Following the introduc-
tion of antibiotics and improvements in health care, case
fatality rates have decreased from 90% when originally
described to 2%.2 Nevertheless, supportive intensive care
admissions are required in 43% of the previously healthy
adolescents and young adults affected.? While still rare,
incidence rates of Lemierre’s syndrome are perceived to
increase, possibly in part explained by better diagnostics
or due to decreased antibiotic treatment of nonstreptococcal
pharyngotonsillitis (including potential cases of F. necropho-
rum pharyngotonsillitis).>4~8

E. necrophorum is an obligate anaerobic gram-negative
rod. Historically, it has been described to be part of the
normal tonsillar flora,' yet a more accurate description is
likely that transient carriage occurs among teenagers and
adolescents.’ F. necrophorum is increasingly recognized as a
primary pathogen in local infections, for example, pharyng-
otonsillitis'®"'* and peritonsillar abscess'®'® in addition to
its role as the typical pathogen seen in Lemierre’s syndrome.’
Little is known of its pathogenicity, including the very
particular presentation with thrombosis in Lemierre’s syn-
drome.""7-'8 In invasive infection caused by F. necrophorum,
direct or indirect signs of infection-induced thrombosis are
remarkably common and can be seen in more than one-third

of the patients.>'” While infection-associated thrombosis
also exists in other types of infections, including COVID-19,
the association is much weaker.'>?% One of the main differ-
ences between infection-associated thrombosis and throm-
bosis in other circumstances is the inflammation-mediated
component. Here, in a process referred to as “thromboin-
flammation,” inflammation secondary to infection is be-
lieved to trigger the activation of platelets, accompanied
by endothelial damage, subsequent fibrin deposition, and
the formation of thrombosis.?'

In Lemierre’s syndrome, direct evidence of pus collections
surrounding the internal jugular vein as well as pus within
the thrombi has been described.?? Most studies on pro-
thrombotic activity have been performed on the subspecies
F. necrophorum subsp. necrophorum,?>=%> mainly causing
veterinary infections, while less is known about F. necropho-
rum subsp. funduliforme, causing human infections.’

Given the known predilection of F. necrophorum to invade
the internal jugular vein, it is likely that the extrinsic
pathway of the coagulation cascade is involved starting
with tissue factor exposure from endothelial injury.?® Previ-
ous studies have shown the contact system to be activated on
the surface of F. necrophorum subsp. funduliforme,?” which
then activates the intrinsic pathway and links inflammation
and thrombosis.?® F. necrophorum subsp. funduliforme has
also been shown to bind and activate plasminogen, which
has been suggested to be important for invasiveness after
initial localized tonsillitis.>® Based on clinical studies, throm-
bocytopenia, elevated PT-INR, and occasionally more severe
forms of disseminated intravasal coagulation are known to
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occur in Lemierre’s syndrome. Yet the pathogenesis under-
lying thrombogenesis remains unknown. " Consequently, to
generate hypotheses about this pathogenesis, we designed a
study investigating proteomic differences in patients with
Lemierre’s syndrome compared to patients with other severe
infections without thrombosis. Our aim was to describe the
proteomic profile of Lemierre’s syndrome, with particular
focus on proteins previously associated with any aspect of
thrombogenesis to generate hypotheses for future studies.

Methods

Study Design and Setting
Cases and controls were defined and enrolled as follows:

* When F. necrophorum was identified in blood cultures at
the Department of Clinical Microbiology, Skdne Universi-
ty Hospital, Lund, Sweden, the researchers were rapidly
notified, and patients were screened for inclusion. All
patients diagnosed with Lemierre’s syndrome, defined as
E. necrophorum-bacteremia following an oropharyngeal
infection within the last 4 weeks and presence of either
direct or indirect signs of septic thrombophlebitis,? at any
hospital (n=9) in the Skdne Region, Sweden (population
1.4 million 2021), were enrolled during 2017 to 2021 as
cases. Septic thrombophlebitis was defined as a visualized
thrombus in any of the jugular veins in the vicinity of an
infection and visualized by imaging or as septic pulmo-
nary emboli or multifocal pneumonia seen on chest
radiology.

 Controls, constituting patients with other severe infec-
tions, were enrolled in three ways and defined as patients
with F. necrophorum-bacteremia who did not develop
Lemierre’s syndrome (n = 3), patients presenting through
a sepsis alert system, where sepsis is defined as suspected
infection with organ dysfunction (enrolled through a
partner study, n=>5), and patients enrolled via conve-
nience sampling by the first author during clinical shifts,
defined as patients with acute infections requiring hospi-
tal treatment at the Department of Infectious Diseases
(n=7). All controls were enrolled at the Skane University
Hospital Lund, Sweden, during the years 2017 to 2021.
Age criterion for all controls was set to 13 to 50 years to
match patients with Lemierre’s syndrome.

Sample Preparation

Citrate plasma samples were drawn in all patients, within
2 hours centrifuged for 10 minutes at 2,000 to 2,200g and
then stored in -70 to -80°C pending analysis. Hereafter, all
sample preparation steps, including protein digestion and
desalting were performed on Agilent AssayMAP Bravo Plat-
form. Each plasma sample was diluted 10 times with 100-
mM ammonium bicarbonate (AmBic) and 10 pL of each
diluted plasma sample was transferred to a 96-well plate
where 40 pL of 4 M urea in 100 mM AmBic was added for a
final volume of 50 pL. The proteins were reduced with 10 pL
of 60 mM dithiothreitol (DTT; final concentration of 10 mM)
for 1 hour at 37°C followed by alkylation with 20 pL of 80 mM
iodoacetamide (IAA; final concentration of 20mM) for
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30 minutes in the dark at room temperature. The plasma
samples were digested with 2 pg Lys-C for 5 hours at room
temperature and further digested with 2 pg trypsin over-
night at room temperature.>® The digestion was stopped by
pipetting 20 pL of 10% trifluoroacetic acid (TFA) and the
digested peptides were desalted on Bravo platform. To prime
and equilibrate the AssayMAP C18 cartridges, 90% acetoni-
trile (ACN) with 0.1% TFA and 0.1% TFA were used, respec-
tively. The samples were loaded into the cartridges at the
flow rate of 5 pL/min. The cartridges were washed with 0.1%
TFA before the peptides were eluted with 80% ACN/0.1% TFA.
The eluted peptides were dried in a SpeedVac and resus-
pended in 25 pL of 2% ACN/0.1% TFA. The peptide concentra-
tion was measured using the Pierce Quantitative
Colorimetric Peptide Assay (Thermo Fisher Scientific). The
samples, 10 pL, were diluted with 10 puL 2% ACN/0.1% TFA and
spiked with 2 pL of diluted iRT peptides (JPT Peptide Tech-
nologies) before liquid chromatography-mass spectrometry
(LG-MS/MS) analysis.

LC MS Analysis

The samples, 3 pL, were analyzed on hybrid mass spectrom-
eter Exploris 480 (Thermo Fisher Scientific) coupled with an
Ultimate 3000 UHPLC system (Thermo Fisher Scientific). A
two-column setup was used on the HPLC system and pep-
tides were loaded into an Acclaim PepMap 100 C18 precol-
umn (75 pm x 2 cm, Thermo Scientific) and then separated
on an EASY spray column (75 pm x 50 cm, nanoViper, C18, 2
um, 100A) with the flow rate of 300 nL/min. The column
temperature was set to 60°C. Solvent A (0.1% FA in water) and
solvent B (0.1% FA in 80% ACN) were used to create gradient,
and 120-minute linear gradient from 3 to 38% of solvent B in
solvent A was used to elute the peptides.

Data-Independent Acquisition Data Acquisition

The Exploris 480 was operated in the data-independent
acquisition (DIA) mode. Full MS survey scans from m/z
(mass-to-charge ratio) 350 to 1,650 with a resolution
120,000 were performed in the Orbitrap detector. The nor-
malized automatic gain control (AGC) target was set to 300%
with the maximum injection time of 45 milliseconds. One
segment for MS1 was kept constant and 44 segments with
variable isolation windows were acquired for MS2 with the
window overlap of 1 m/z. The resolution of MS2 was set
30,000. The stepped normalized collision energy (NCE) for
HCD was set at 27, 30, and 32 and the normalized AGC target
for MS2 was set at 300%. The maximum injection time was
set to auto. See the mass list in ~Supplementary Material 1
(available in the online version).

Data Analysis

The DIA data were analyzed with DirectDIA workflow by
using Spectronaut 16.0.220606. Data were extracted based
on maximum intensity for both precursors and fragment
ions. The default settings were applied for the peptide and
protein identification and quantification. In brief, g-value of
0.01 was used to estimate false discovery rates for both
precursor and protein identification and the p-value was
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calculated by the kernel-density estimator. For quantifica-
tion, interference correction was activated and a minimum of
three fragment ions and two precursor ions were kept. The
peak area of the MS2 level was used for quantitation. Peptide
(stripped sequence) quantity was measured by the mean of
one to three most intensive precursors, and protein quantity
was calculated accordingly by the mean of one to three best
peptides. Data were filtered by g-value and cross-run nor-
malization was inactive. Data were exported from Spectro-
naut and downstream statistical analysis was performed
with R 4.2.2. All the scripts are available through https://
github.com/gtorisson/MS_Lemierre_2023 and a working
document is attached in the =Supplementary Material 2
(available in the online version).

Statistical Analysis

Label-free quantification DIA data were log2-transformed. If
more than 30% of values were missing, the proteins were
discarded. Data were then normalized to median value of each
sample, after which imputation based on normal distribution
with a down shift/left censoring of 1.8 standard deviations was
performed. Thereafter differential expression of proteins be-
tween patients with Lemierre’s syndrome and other severe
infections were investigated using t-test of independent sam-
ples with Benjamini-Hochberg false discovery rate correction
for multiple comparisons. A g-value of <0.05 was considered
significant if log2 fold change was at least 1. Volcano plots and
heat maps were performed, highlighting differentially
expressed proteins. Relative differences of protein abundance
(fold change) and g-values were presented for all differentially
expressed proteins in tables or text. Uniprot>' was used to
identify proteins expressed and literature searches were per-
formed of each differentially expressed protein to ascertain
previously known associations with thrombosis and direction
of suggested effect (pro- or antithrombotic). Functions of all
differentially expressed proteins are described in
=Supplementary Table S1 (available in the online version)
with references provided.

This study was approved by the local Ethical Review Board
in Lund, Sweden (number 2017/740). The sepsis alert partner
study was approved by the Ethical Review Board in Lund
(number 2016/271).

Results

Baseline Characteristics

In total, 23 patients were enrolled, including 8 cases with
Lemierre’s syndrome and 15 patients with other severe
infections (controls). Among controls, 53% had bacteremia
with the following bacteria identified: F. necrophorum (n =3,
who did not fulfill the criteria of Lemierre’s syndrome),
Escherichia coli (n=2), polymicrobial bacteremia (n=1),
Streptococcus agalactiae (n=1), S. dysgalactiae (n=1), and
S. anginosus (n=1).

Baseline characteristics were similar between groups in
terms of age and rarity of comorbidities. Slight differences
were seen in gender, sepsis on presentation, and time from
presentation to inclusion. Most notably, only 25% of patients
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Table 1 Baseline characteristics of enrolled patients in the
primary analysis; Lemierre’s syndrome and other severe
infections (controls)

Lemierre’s Other severe
syndrome infections
(N=8) (N=15)
Age, y, median (range) 22 (16-46) 24 (17-50)
Female, n (%) 2 (25) 7 (47)
Any comorbidity,® n 0 2(13)
(%)
Days from 2 (1-3) 1(1-4)
presentation to
enrollment,
d, median (range)
Creactive protein at 182 [81] 124 [107]
the time of
sampling, mean [SD]
Sepsis on 5 (63) 4 (40)
presentation,® n (%)
Septic shock on 1(13) 0
presentation,® n (%)
Bacteremia, n (%) 8 (100) 8 (53)
Head and neck- 8 (100) 10 (67)
infection, n %
V. jugularis thrombosis, 5(63) 0
n (%)
Anticoagulant 1(13) 0
treatment started
when samples were
drawn,“ n (%)

?Charlson comorbidity index.*8
bSepsis-3.47
‘Low-molecular-weight heparin or direct oral anticoagulants.

with Lemierre’s syndrome were females, compared to 47%
among controls. Cases and controls were relatively well
matched in terms of inflammation as measured by C-reactive
protein (CRP), with moderate levels of elevation seen in both
groups with substantial overlap and considerable variance
(~Table 1).

In the plasma samples analyzed by quantitative proteo-
mics mass spectrometry, a total of 654 proteins were identi-
fied, of which 205 were excluded due to greater than 30%
missing values. Data on missing values, as well as imputed
values, can be seen in »~Supplementary Material 2 (~Figs. S2,
S4, and S5; available in the online version). Hence, 449
proteins remained in the analysis.

Primary Analysis: Differentially Expressed Proteins in
Lemierre’s Syndrome versus Other Severe Infections

Twenty of 449 proteins were differentially expressed in patients
with Lemierre’s syndrome compared to controls. These were
visualized with groupwise comparisons (=Figs. 1 and 2). Based
on a literature search, 14/20 of differentially expressed proteins
were identified as previously associated with thrombosis, either
suggested to be causal or implied as biomarkers without known
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Fig. 1 Volcano plot of differentially expressed proteins in patients
with Lemierre’s syndrome (n =8; right hand side) versus other severe
infections (n=15; left hand side). Differentially expressed proteins
were defined by independent samples t-test with Benjamini-Hoch-
berg multiple comparison correction with significance defined as

G <0.05 and log2 fold change of at least 1. Red dots indicate
differentially expressed proteins.

pathogenesis (see =Supplementary Material 1, ~Table S1;
available in the online version for short descriptions of functions
of proteins).

Twelve proteins were differentially expressed with a
suggested prothrombotic effect in Lemierre’s syndrome,
and consisted of proteins defined as prothrombotic, which
were upregulated, or as antithrombotic proteins, which were
downregulated. Three prothrombotic proteins identified as
elevated in Lemierre’s syndrome, that is, neutrophil defensin
1, CD44-antigen, and intercellular adhesion molecule 1
(ICAM-1), are highlighted due to previously described and
particularly interesting associations with thrombogenesis
(details in =Table 2 and =Supplementary Material 1,
=Table S1 [available in the online version only]).

Two proteins were differentially expressed with a sug-
gested antithrombotic effect in Lemierre’s syndrome, and
consisted of proteins defined as antithrombotic, which were
upregulated (=Table 3), of which Plastin-2 is highlighted as
the most interesting finding due to its association with
development of thrombocytopenia (=Supplementary
Material 1, ~Table S1 [available in the online version only]).

Finally, a further six proteins without identified suggested
pro- or antithrombotic effect were differentially expressed in
Lemierre’s syndrome (=Table 3 and =Supplementary
Material 1, ~Table S1 [available in the online version]).

Discussion

We aimed to investigate proteomic differences in patients
with Lemierre’s syndrome to generate hypotheses on throm-
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bogenic pathways. Based on quantitative proteomics mass
spectrometry, several interesting and differentially
expressed proteins in Lemierre’s syndrome were identified
in plasma when compared to controls with other severe
infections. Most of the proteins had previous direct or
indirect links to thrombosis and included proteins expressed
following endothelial injury, proteins causing platelet acti-
vation or degranulation, and proteins linking innate immu-
nity with thrombotic pathways. While these findings are
novel and interesting, the explorative study design and small
sample size limits interpretation to hypothesis generation
for future studies on proposed specific proteins and
mechanisms.

Few studies on the pathogenesis of Lemierre’s syndrome
have been performed despite its remarkable presentation
with septic thrombophlebitis."> Yet, a few virulence mech-
anisms of F. necrophorum subsp. funduliforme have been
identified, and consist of inactivation of factor H (inhibiting
complement system activation),3? leukotoxin production,>3
binding and activation of plasminogen,29 and activation of
the contact system.27 Since F. necrophorum invades tissues
adjacent to tonsils and subsequently the internal jugular
vein,?? it is likely that endothelial injury and presentation of
tissue factor play a role in thrombogenesis. In this work,
endothelial markers (e.g., ICAM-1>4736) were shown to be
elevated and a potential role in thrombogenesis is proposed.
Furthermore, Plastin-2 was elevated in patients with
Lemierre’s syndrome, which has previously been suggested
to inhibit platelet production.?’ This is in line with the
common finding of thrombocytopenia as a part of
Lemierre’s syndrome? and could potentially be one of the
mechanisms through which it develops. Several proteins
(e.g., Apolipoprotein A-138 Alpha-1-acid glycoprotein 1 and
239) identified as differentially expressed in Lemierre’s
syndrome have been shown to be involved in platelet
activation, aggregation, and degranulation. CD44 antigen*°
has been described to upregulate tissue factor, which
activates both the extrinsic pathway and platelets,?® and
has been hypothesized to be of importance in adhesion of
activated platelets to endothelial cells.*" Proteins previously
described to link innate immunity and thrombosis were
also elevated in Lemierre’s syndrome (e.g., neutrophil
defensin-142-%4). Hence, multiple potential thrombogenic
pathways are hypothesized, with particular emphasis on
the potential interplay between endothelial injury, platelet
activation, and activation of coagulation by interaction with
innate immunity. Moreover, a potential role of Plastin-2 in
the thrombocytopenia commonly seen in Lemierre’s syn-
drome is highlighted. While the majority of findings suggest
a prothrombotic expression of proteins in Lemierre’s syn-
drome, two proteins were identified with suggested antith-
rombotic effects (i.e., Plastin-237 and CD59 glycoprotein?®).
Given the complexity of blood coagulation26 and throm-
boinflammation?® as well as the known presence of, for
example, thrombocytopenia in Lemierre’s syndrome, these
findings are not surprising.

The main difficulty of this study was to design a
matched control group. In the primary analysis, we chose
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Fig. 2 Heat map visualizing 20 differentially expressed proteins in Lemierre’s syndrome (LS; n = 8) versus other severe infections (sepsis;
n=15). Values represent protein abundance (log2-transformed and median-normalized) with darker colors equaling lower intensity

and vice versa.

to not use a healthy control group, since most differential-
ly expressed proteins between Lemierre’s syndrome and
healthy controls or patients with nonseptic venous throm-
boembolism would likely have been related to inflamma-
tion as such, rather than thromboinflammation.?® Since
Lemierre’s syndrome occurs in a healthy and young age
group rarely affected by sepsis, we aimed to match the
control group to cases with Lemierre’s syndrome by in-
cluding both patients with F. necrophorum-bacteremia
without Lemierre’s syndrome and young and previously
healthy patients with other severe infections. Controls
were age-matched and either enrolled by a partnering
(not yet published) sepsis-alert study or through conve-
nience sampling of patients requiring hospital treatment
for other severe infections that were encountered during
clinical shifts. In addition to the case control study design,
the main limitation of the study is the small sample size of
participants with Lemierre’s syndrome. Yet, given that
5 years of population-based prospective inclusion was
necessary to enroll 8 patients with Lemierre’s syndrome
in a population of 1.4 million, a markedly prolonged study
period would have been necessary to increase power.

Notably, no previous similar population-based prospective
studies of Lemierre’s syndrome exist. Since the main aim
was to generate hypotheses, the study size was deemed
sufficient. Furthermore, baseline characteristics differed
slightly, with longer time to enrollment in Lemierre’s
syndrome patients compared to other severe infections.
In part, this was due to the case definition of Lemierre’s
syndrome requiring identification of bacteremia, which
generally takes slightly less than 24 hours.*® Patients with
Lemierre’s syndrome were also more commonly septic on
presentation, which might have impacted results and the
level of inflammation. CRP levels were slightly higher in
patients with Lemierre’s syndrome yet with substantial
overlap between groups. Yet, differences in time from
admission to enrollment between groups might be of
importance, since CRP is known to peak after a few
days.*® Importantly, dynamics of any of the differentially
expressed proteins are not known and might impact
findings, yet differences in timing of enrollment were
minor. Finally, handling of missing values in the proteo-
mics dataset was strict, as proteins with more than 30%
missing values were excluded from the analysis. A stricter-
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Table 2 Differentially expressed proteins in Lemierre’s syndrome (n = 8) versus other severe infections (n =15) with a previously
suggested pro- or antithrombotic effect (n =16 proteins)

Proteins with suggested prothrombotic Uniprot ID Fold change LS vs. q
effect in Lemierre’s syndrome (LS) other severe infections

Intercellular adhesion molecule 1 P05362 5.4 0.008
Macrophage mannose receptor 1 P22897 4.6 0.017
Neutrophil defensin 1 P59665 3.6 0.024
IgGFebinding protein Q9Y6R7 3.5 0.005
Trans-Golgi network integral membrane 043493 34 0.030
protein 2

Insulinlike growth factor-binding protein 2 P18065 2.8 0.030
CDA44 antigen P16070 2.3 0.008
Low-affinity IgGy Fc receptor IlI-A P08637 2.3 0.038
Alpha-1-acid glycoprotein 1 P02763 2.3 0.016
Alpha-1-acid glycoprotein 2 P19652 2.2 0.010
Apolipoprotein E (Apo-E) P02649 2.0 0.025
Apolipoprotein A-l P02647 0.47 0.030
Proteins with suggested antithrombotic Uniprot accession ID Fold change LS vs. q
effect in LS other severe infections

CD59 glycoprotein (1F5 antigen) P13987 33 0.01
Plastin-2 P13796 2.9 0.001

Note: Statistically significant differences were determined by independent samples t-test with Benjamini-Hochberg multiple comparison correction

used (g < 0.05) and log2 fold change of at least 1.

Table 3 Differentially expressed proteins without previously known association to thrombosis in Lemierre’s syndrome (LS; n = 8)

versus other severe infections (n=15)

Proteins without known anti- or prothrombotic effects Uniprot ID Fold change LS vs. q
other severe infections

Polymeric Ig receptor P01833 4.7 0.038
Golgi membrane protein 1 Q8NBJ4 4.6 0.01
Oncoprotein-induced transcript 3 protein Q8Wwz38 3.9 0.022
Leukocyte Ig-like receptor subfamily A member 3 Q8N6C8 3.9 0.01
Alpha-1-antichymotrypsin P0O1011 2.4 0.015
Phosphatidylinositol-glycan-specific phospholipase D P80108 0.30 0.010

Note: Statistically significant differences were determined by independent samples t-test with Benjamini-Hochberg multiple comparison correction

used (g < 0.05) and log2 fold change of at least 1.

than-usual approach was chosen due to the small sample
size, since imputation was based on left-censored normal
distribution with missing values predicted to be missing
not at random (MNAR). This limits the depth of our results
since we will not detect proteins potentially elevated in
certain groups and not discovered in others. However, if a
higher percentage of missing data was allowed and subse-
quently imputed, additional proteins would be identified
although these findings would then be based mainly on
imputed results.*” While this study was designed to be
explorative, the risk of type 1 errors would increase with

Thrombosis and Haemostasis  Vol. 124 No. 5/2024 © 2024. The Author(s).

expanded imputation. This was the reason why a more
robust statistical approach was chosen given the small
sample size.

Importantly, the findings of this study are solely aimed to
guide future studies. These should evaluate reproducibility
of these findings with different methods, and in targeted
studies investigating suggested thrombogenic pathways. As
such, these results speculate on thrombogenic pathways but
mainly provide a smorgasbord for follow-up studies to better
understand causes of septic thrombogenesis and Lemierre’s
syndrome.
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In conclusion, we provide data on the plasma proteo-
mic expression in Lemierre’s syndrome that support the
hypotheses that endothelial injury, platelet activation,
and degranulation are important thrombogenic pathways
in Lemierre’s syndrome and warrant future targeted
studies.

What is known about this topic?

* Lemierre’s syndrome is characterized by the develop-
ment of septic thrombophlebitis after an oropharyn-
geal infection with F. necrophorum, followed by
embolization and septic disease in previously healthy
adolescents and young adults.

« Little is known on why patients with Lemierre’s syn-
drome develop septic thrombophlebitis.

What does this paper add?

» This is a unique sample of prospectively enrolled
patients with Lemierre’s syndrome that generate hy-
potheses on the causes of septic thrombophlebitis.
Differentially expressed proteins were identified
when the plasma proteome of patients with Lemierre’s
syndrome was compared to other severe infections
using mass spectrometry.

* Several proteins involved in thrombogenic pathways
were found to be differentially expressed in Lemierre’s
syndrome compared to other severe infections, includ-
ing proteins involved in endothelial damage, platelet
activation, and degranulation.
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